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Author’s Note

First, Do No Harm

I don’t recall exactly when I learned my mother had suffered from seizures.
I think I was in high school when she finally talked to me about her medical
history, and while there had always been intimations, I felt shocked to hear
about it. When I look back on my childhood, I see clues, despite her
keeping it a secret from just about everyone.

My mother didn’t drive when I was a little girl growing up in Brooklyn.
Because there was an abundance of public transportation, it didn’t seem that
strange, and most of my friends’ mothers didn’t drive either. When we
moved to the suburbs in New Jersey, I noticed that my mother was the only
one who didn’t drive. We never talked about it, and eventually my mother
did get her driver’s license, but it was many years before I learned the real
reason she didn’t have one in the early part of my childhood.

At about the same time that I began dreaming about being a doctor, I
became aware that my mother took medications every night. Two big
prescription bottles sat in the upper cabinet next to the kitchen sink, and
whenever I asked about them, she gave a vague answer. I remember getting
a sense that this wasn’t something she wanted to talk about, so I stopped
asking. A few years later, when I was a teenager, I was standing next to her
by the kitchen cabinet where the medicine bottles were kept and again
asked her about her medications, completely unaware of the story she
finally decided to share.

That day she told me that when my sister was two years old and I was
just an infant, she had her first grand mal seizure in a Brooklyn playground,



followed by two more seizures over the next few days. She eventually went
to see a neurologist, and while she was in his office she had another seizure.
She was hospitalized and immediately, she, my father, my grandmother, and
my uncles were told that she might die. Diagnostic studies of the brain in
the early 1960s were quite limited, and the doctors did not know what was
causing the seizures. Started on phenytoin (Dilantin) and phenobarbital, she
responded positively and was told to continue taking them for the rest of her
life.

My grandmother, an uneducated and superstitious immigrant, was in
complete denial that my mother had epilepsy. She was terrified and
embarrassed at the same time. Because of this, my parents became tight-
lipped about what had happened. It just was not discussed or shared with
anyone.

I learned much later that even though the medications stopped her
seizures, the side effects were difficult to tolerate. She became excessively
hirsute and had significant lethargy and fatigue, making the care of two
small children particularly challenging. She also had severe gingival
hypertrophy, an overgrowth of gum tissue and a common side effect of
phenytoin, which led to a lifetime of problems with her gums that still
continue. I recall being in middle school and finding out that my mother
had to have oral surgery for a terrible problem she was having with her
gums. She stayed in bed for days with severe pain after the procedure. I can
still see her there with ice on her swollen cheeks, black-and-blue, unable to
talk or eat. Little did I know at the time that this was a result of her seizure
medication.

After my sisters and I graduated from high school, my mother decided
that she just couldn’t tolerate the side effects of the medication any longer
and that she was finished with it. She didn’t consult her doctor or even
gradually wean herself off the drugs but rather just stopped taking them.
Fortunately, she experienced no repercussions from this arguably risky
decision and remains seizure-free today. Meanwhile, I continued to pursue
my medical degree and eventually became a doctor, working primarily in
pediatric emergency medicine and urgent care. I loved my work, saving
lives at the county hospital and teaching medical students and residents, but
once I had my son, things changed. I had thought I could manage working
nights and being with my son during the days, but after a few years, it grew



more and more difficult, as I didn’t feel truly present when home with my
family. I was a very good pediatric ER doctor, but my frustrations from the
exhaustion of night work and trying to be a caring physician in a broken
system eventually wore me down.

After I took a leave of absence, a sick friend asked me about medical
cannabis, putting it on my radar for the first time. Once I started reading the
scientific literature, I grew incredulous that despite the discovery of the
endocannabinoid system, the most widespread receptor system in the
human brain, and my years of science-based education and medical
training, I knew absolutely nothing about cannabis and how it works.
Intrigued, I continued to read and study everything I could find about
cannabis and soon decided to work part-time in a local medical cannabis
clinic. I was surprised to find that the patients I met were just everyday
people who went to work, had families, and had medical conditions that
were not responding to conventional medications or traditional Western
medical interventions. These were people who simply wanted a better
quality of life.

I haven’t looked back since.
Cannabis was not medically available or used as an anticonvulsant

during the years my mother took antiseizure medications. In 1970, five
years into her epilepsy diagnosis and treatment, the federal government
classified cannabis as a Schedule I controlled substance with the passage of
the Controlled Substances Act. Defined as a “drug or other substance that
has a high potential for abuse, has no currently accepted medical use in
treatment in the United States, and is lacking accepted safety for use of the
drug or other substance under medical supervision,” cannabis maintains its
Schedule I classification to this day. This has virtually shut down all
research on the multitude of compounds in cannabis that we now know
have low risk for abuse, true and proven medical use, and an excellent
safety profile, especially with medical supervision. Scientists had started
significant cannabis research in the 1960s and were gaining knowledge of
the phytocannabinoids, but this act by Congress completely closed the door
on advancing cannabinoid science. After the discovery of the
endocannabinoid system in the late 1980s, investigations in the field have
exploded, especially in the last decade and mostly outside the US.

I am angry that my mother suffered, and continues to suffer, from the



side effects of medications she took to alleviate her epilepsy. My mother’s
suffering was in part due to the propagation of false claims about cannabis,
claims based on ignorance and greed. The false claims persist, despite the
fact that millions of patients who could be helped by cannabis continue to
suffer with medical conditions that are not responding to conventional
treatments, and millions more grapple with intolerable side effects of those
treatments. As a physician, I took an oath to “do no harm.” After treating
thousands of patients with medical cannabis, I can assert that the
compounds in cannabis relieve unnecessary suffering with few or no
adverse side effects.

I have witnessed sick and desperate patients have a complete turnaround
in the quality of their lives. Cannabis medicine must be available as an
option or alternative to current first-line treatments, especially if those
treatments have harmful or potentially fatal side effects. If a pharmaceutical
with the properties of cannabis were synthetically created and introduced
today, the medical community would embrace it with open arms and tout it
as a miracle drug.

It’s been over fifty years since my mother developed epilepsy when I
was a small child, and I get emotional thinking about her needless suffering.
Many physicians find their vocation from early experiences with ill
relatives and friends. While I had little awareness of my mother’s struggles
with seizures and medications, I find that her life and experience have
indeed informed mine. I wish medical cannabis had been available to my
mother. I cannot undo what she endured. I can help others, though, by
sharing the current knowledge about cannabis and cannabinoid science. I
have written this book so you and your loved ones, who may be suffering as
my mother did, can move past the false propaganda that continues to this
day and understand how cannabis is medicine.



Introduction

Written by my patient Elise, as told to me in February of 2016, and
whose story appears in chapter 5:

As a little girl, whenever I was alone—outside digging in the
dirt or absentmindedly swinging on the swing set, splashing or
playing in the bathtub—I would start humming a tune. I’d start softly
and then grow bolder, add in little trills and jazzy riffs, each note a
bit louder than the next. As I got older, I’d experiment with dropping
my voice down to get to the lower notes and more dramatic effects. I
had been exposed to singers like Judy Garland, Billie Holiday, Frank
Sinatra, and Nat King Cole, and then to songwriter-artists like Joni
Mitchell, Bob Dylan, and Carole King. I listened to James Taylor,
Cat Stevens, and ’60s Motown, and I recall at age twelve or thirteen
thinking that Phoebe Snow was the ultimate in cool. Singing brought
me freedom and joy, always, or at least until the pain started and I
was diagnosed with rheumatoid arthritis. Over those years and the
many that followed, in my late teens and early twenties, I didn’t do
that much singing, but on the occasions when I did, singing was one
of the few things I could do to forget almost completely the way my
body felt. During those moments, I tasted a little bit of freedom and
was released from the pain and the loss of everything I used to be—
all of my former life—even for a few minutes. I have noticed lately,
though, that during the process of taking my cannabis medicine that I
am humming again, albeit weakly with little breath or power. The
humming grows stronger as I feel the medicine through my system,
and I find myself adding jazzy riffs right and left, treating my voice
like a slide trombone. I can go mournfully low and tragic like Billie
and then trill upwards sweet and high like Ella. I imagine myself as
sultry and sassy, as confident as Peggy Lee. It’s as if cannabis has
helped me to unlock the box in which I’ve kept my own personal
songbird. This may be a small thing, but if anyone knows how it feels



to be trapped in a constantly malfunctioning body, they would realize
what an enormous gift it is to feel well, to feel strong and capable at
something again for the first time in over a decade. I was locked in a
prison of illness and pain, and cannabis unlocked the door for me to
break free.



How to Use This Book

I have spent the last decade educating and explaining medical cannabis to
patients, politicians, and medical professionals. In order to understand how
cannabis can do all that it is advertised to do, you must first understand the
plant itself. In the first part of this book, chapter 1 discusses the many
different compounds that make up the cannabis plant. Chapter 2 explains
our endocannabinoid system, its purpose, and how it interacts with the
compounds found in cannabis. Diseases associated with an imbalance of the
endocannabinoid system are also discussed. The safety of cannabis use is
discussed in chapter 3. Chapter 4 delves deeply into the science of the
various medicinal compounds found in the cannabis plant, reviewing the
latest research of how and why they are effective. Chapter 5 gets into how
to use cannabis as medicine, including how to read labels, ratios versus
concentrations, and dosing. Special considerations for certain conditions
and populations are discussed in chapter 6. Part II details a multitude of
ailments in which cannabinoid medicine may play an important role.

Interspersed throughout the book are incredible stories of patients who
have had success with using cannabis medicine. These patients were able to
overcome medical conditions that were negatively affecting their quality of
life, and they were all so eager to share their journey that led them to
cannabis treatment. (Note that the names of some of the patients who shared
their stories have been changed to protect their privacy.)

The appendixes include a time line of the history of cannabis as well as
information on the pharmacokinetics of cannabis medicines, discussing the
absorption, metabolism, and excretion of cannabinoids. Facts about the
phytocannabinoids and terpenoids are listed in two charts that readers can
use as references.

This book is not meant to give specific medical advice for your
particular condition, as the use of cannabis medicine is not “one size fits
all.” Each person has their own goals of treatment and will respond
uniquely to the many options within the cannabis medicine armamentarium.
The goal of this book is to help you understand if cannabis may be an



option for you or your loved one. The latest scientific information is
presented in addition to my clinical experience with patients; however,
research on cannabis is still severely restricted, leaving us with many
unanswered questions. Please consult your physician before starting a
cannabis regimen.



PART I

The Science of Cannabis



CHAPTER 1

The Cannabis Plant

In order to understand the medicinal value of the cannabis plant, you first
need to learn about the many compounds found within it. The cannabis
plant is dioecious (meaning it has male and female plants) and is made up
of more than five hundred different chemical compounds.1 When taking
cannabis as medicine, you are by definition taking a mixture of many
natural compounds that work together in balance with one another. In
contrast, pharmaceutical medications routinely contain only one active
compound.

The Latin name of the plant is Cannabis sativa, in the family called
Cannabaceae. Other plants in this family are Humulus (hops) and Celtis
(hackberries). These plants share an evolutionary origin but are quite
different from one another. The cannabis plant contains biologically
active compounds called phytocannabinoids, terpenoids, and
flavonoids. These chemicals interact with the brain and body chemistry,
causing certain effects. Hundreds of different cannabis varieties are grown
all over the world, each containing varying amounts of the more than five
hundred different compounds. Some varieties may have more or less of
certain cannabinoids or terpenoids; it is these differences that cause the
various medicinal effects. Contrary to popular vernacular, plants do not
have “strains.” We call the different varieties or types of cannabis
“chemovars,” which is short for “chemical varieties.”

What Are Phytocannabinoids?



The term “cannabinoids” is very general and refers to a group of chemical
compounds that are typically made up of twenty-one carbon atoms in a
three-ring structure. The prefix “phyto” added to the word refers to the
cannabinoids that are found exclusively in the cannabis plant. The two
predominant and most studied phytocannabinoids are THC (delta-9-
tetrahydrocannabinol) and CBD (cannabidiol). Approximately 140
phytocannabinoids have now been identified, and likely more will be
discovered; however, only a few have been researched significantly.

Other phytocannabinoids found in the cannabis plant, often referred to
as “minor” or “secondary” cannabinoids, include cannabinol (CBN),
cannabigerol (CBG), cannabichromene (CBC), cannabicyclol (CBL),
cannabivarin (CBV), cannabidivarin (CBDV), and tetrahydrocannabivarin
(THCV). The medicinal effects of the most commonly used
phytocannabinoids are reviewed in detail in chapter 4.

Molecular structures of THC and CBD.

A Few Important Notes About Phytocannabinoids

• Phytocannabinoids were initially thought to be species-specific to the



cannabis plant, which means they are not found in any other plant
species. However, phytocannabinoids other than THC have been
discovered in a few other plants, namely those from the genera
Echinacea, Helichrysum (sunflowers), and Radula (liverworts).

• As mentioned, the term “cannabinoids” is very general, and it refers
to a specific group of chemical compounds. Cannabinoids are found
naturally in two places: plants and animals, including humans.
“Phytocannabinoids” refers specifically to the cannabinoids that occur
naturally in plants. “Endocannabinoids” refers specifically to the
cannabinoids made by cells in humans and other animals.
Cannabinoids can also be synthesized in a laboratory setting; these
are referred to as “synthetic cannabinoids” and are primarily used in
research.

• Do not get confused by the acronym “CBD.” CBD stands for the
phytocannabinoid “cannabidiol,” not “cannabinoids.” Many people
incorrectly say “the CBDs,” but CBD is not plural. THC is not
referred to as “THCs” because it is one compound. CBD also is one
compound.

How the Cannabis Plant Makes Phytocannabinoids

Phytocannabinoids are synthesized and concentrated in a viscous resin in an
unfertilized female plant’s glandular trichomes, which are tiny, sticky
hairlike formations on the cannabis flowers.

When the cannabis plant synthesizes phytocannabinoids, geranyl
diphosphate—the precursor to both phytocannabinoids and terpenoids—
couples with olivetolic acid to produce cannabigerolic acid, which is then
exposed to three enzymes: THCA synthase, which creates THCA; CBDA
synthase, which creates CBDA; and CBCA synthase, which creates CBCA.

THCA and CBDA are the predominant phytocannabinoid compounds in
the raw flowers of the cannabis plant and are the precursor compounds to
THC and CBD, respectively. THCA and CBDA convert to THC and CBD,
respectively, when they are exposed to heat. This chemical reaction is called
“decarboxylation.”



Trichome of female cannabis flower (circled).

One way different types of cannabis plants are categorized is based on
the genetically determined expression of the chemical composition of the
phytocannabinoids, often called the “chemical phenotype,” or “chemotype.”

• Type I: High THC content and low CBD content; often called “drug-
variety” (more than 0.3 percent THC by weight)

• Type II: Roughly equal THC and CBD content
• Type III: Dominant CBD; can be fiber-variety (less than 0.3 percent

THC by weight) or drug-variety
• Type IV: Dominant CBG (cannabigerol) content
• Type V: No detectable phytocannabinoids

The majority of medicinal cannabis plants are genetically Type I and
thus take the pathway that leads to THCA and ultimately THC. A small
number of plants are Type II, meaning they have genetics that will lead to a



higher amount of CBDA; we call these plants CBD-rich chemovars. The
genetic dominance for THC explains why most drug-variety plants are
higher in THC potency and lower in CBD potency. The rampant
crossbreeding of chemovars over the past few decades has also promoted
higher THC content. The average THC content of cannabis confiscated by
law enforcement in 1972 was 1 percent, increasing to 4 percent in the
1990s, to a national average of 17 percent as of 2017.2 THC-rich cannabis
flowers currently available in California dispensaries have THC content
between 15 and 28 percent, with a corresponding CBD content of less than
1 percent. Concentrated forms of THC-rich cannabis (such as hashish) can
be as high as 90 percent potency. The increase in THC content has led to a
decrease in CBD content, and at one point it was thought that CBD-rich
plants might no longer exist. However, the popularity and increased demand
for CBD in the past decade has led to the stabilization of Type II plant
genetics, leading in turn to the increased availability of CBD-dominant
cannabis products.



How the cannabis plant synthesizes phytocannabinoids.

Type I and Type II are what we call “medical marijuana” or “medical
cannabis” and are available through state-regulated dispensaries. Type III is
either medical cannabis with high CBD content or fiber-variety “hemp”
products that have become very popular in recent years. The concern with
hemp products is that they remain unregulated and the CBD content
claimed on labels is frequently incorrect. (More on this to follow.)

The Entourage Effect

Of the 140 known phytocannabinoids, only a few have been thoroughly



studied. Each of these phytocannabinoids, when isolated in a lab, has been
shown to possess its own array of medicinal properties. However, when
taken together as they occur naturally in the whole plant, they balance one
another in a synergistic action first called “the entourage effect” by Israeli
researcher Raphael Mechoulam, who was the first to isolate THC and CBD
in the early 1960s. The entourage effect means that the cannabinoids
work better together than when isolated from one another. This
synergy can enhance or modulate effects beneficially.3

As an example of synergistic enhancement, both THC and CBD, when
taken separately, have been found to provide pain relief, but studies show
that CBD enhances pain relief when used in conjunction with THC,
compared to THC used by itself.

As an example of opposing effects, CBD may decrease some of the
intoxication, memory loss, and increased heart rate THC can induce.4

What Are Terpenoids?

Terpenoids—also called “terpenes”—are the essential oils that occur
naturally and exist in all plants, including the cannabis plant. More than
twenty thousand terpenes have been described, of which about two hundred
occur in cannabis.5 These oils give cannabis its odor, color, and flavor. They
have evolved within the cannabis plant as a defense mechanism against
insects, bacteria, fungi, and other plant predators. Terpenoids can be
categorized by how many carbon units they contain: monoterpenes (10
carbons), sesquiterpenes (15 carbons), diterpenes (20 carbons), and
triterpenes (30 carbons).

Some Important Facts About Terpenoids

• Terpenoids are genetically controlled.
• Production increases with light exposure.
• Production decreases as soil fertility decreases.
• The US Food and Drug Administration recognizes terpenoids as safe.
• Terpenoids vaporize near the same temperature as THC.



• Concentrating cannabis into hash or wax may reduce the terpene
content and may cause medicinal effects to change.

• The terpenoid profile of any cannabis plant can be determined by
laboratory analysis.

Terpenoids are known to be biologically active, just like
phytocannabinoids, interacting with human cells, neurotransmitter
receptors, and other parts of human physiology.6 The unique combination of
phytocannabinoids and terpenoids in a specific cannabis plant accounts for
the varying effects felt when different types of cannabis plants are used.
Most importantly, phytocannabinoids and terpenoids work synergistically to
provide certain therapeutic effects. Terpenoids are also synergistic with
each other, again enhancing their medicinal effects.

An example of a prominent cannabis terpenoid is limonene. It is a
monoterpene found in lemon and other citrus fruits, and is the second most
common terpenoid found in nature. Limonene has potent antidepressant and
antianxiety activity as well as anticancer effects.7 It also has been used
successfully to decrease the symptoms of gastroesophageal reflux.8

Table 1 shows four of the most important terpenoids in the cannabis
plant, including other plants where they are found, known medicinal effects,
and aroma. (Please refer to the terpenoid chart in appendix D for a full list
of the clinically important terpenoids.)

Terpenoid: Limonene
Also found in: Caraway seeds
Citrus rinds
Dill seeds
Juniper berries
Peppermint
Rosemary
Medicinal effects: Analgesic
Antianxiety
Anticancer
Antidepressant
Anti-inflammatory
Antioxidant



Bronchodilator
GERD suppressant
Aroma: Citrus
Orange
Spicy

Terpenoid: Beta-caryophyllene
Also found in: Basil
Black pepper
Cinnamon
Cloves
Hops
Lavender
Oregano
Rosemary
Medicinal effects: Analgesic
Antibacterial
Anticancer
Antifungal
Anti-inflammatory
Anti-itching
Antimalarial
Gastrointestinal relief
May reduce alcohol intake
Aroma: Spicy
Woodsy

Terpenoid: Alpha-pinene
Also found in: Basil
Dill
Eucalyptus
Parsley
Pine trees
Rosemary
Sage
Medicinal effects: Analgesic



Anti-inflammatory
Bronchodilator
Increases focus and alertness
Increases permeability of blood–brain barrier
Reduces THC-induced memory loss
Aroma: Pine
“Skunky”

Terpenoid: Linalool
Also found in: Birch trees
Citrus
Coriander
Lavender
Rosewood
Medicinal effects: Active against acne bacteria
Analgesic
Antianxiety
Antibacterial/antifungal
Anticonvulsant
Antidepressant
Anti-inflammatory
Antimalarial
Aroma: Citrus
Floral
Spicy

Terpenoid: Myrcene
Also found in: Bay leaves
Eucalyptus
Hops
Lemongrass
Mangoes
Parsley
Wild thyme
Medicinal effects: Analgesic
Antianxiety



Antibacterial
Anticancer
Antidepressant
Anti-inflammatory
Antioxidant
Muscle relaxant
Sedating/hypnotic
Aroma: Clove
Earthy
Fruity

The following are some examples of known synergies between
phytocannabinoids and terpenoids for specific conditions. Patients often
choose their products based on these synergies. Knowing the specific
makeup of each product is necessary for patients to find what works best.

• Pain relief: THC+CBD + beta-myrcene + beta-caryophyllene
• ADD/ADHD: THC + beta-myrcene + beta-caryophyllene + pinene
• Anxiety: CBD + limonene + linalool
• Depression: THC+CBD+CBG + limonene
• Insomnia: THC + linalool + myrcene
• Inflammation: CBD+CBG + beta-caryophyllene

Cannabis plants can be tested for their terpenoid profiles as well as
phytocannabinoid content. The terpenoid makeup of the plant is like a
fingerprint for the chemovar. Different growers may be growing the same
chemovars but calling them different names, or they may be calling
chemovars the same names yet terpenoid testing reveals they are different.
The terpenoid profile allows for detailed comparisons of chemovars and is
very important to patients who find relief with one particular chemovar. If
you know which terpenoids and terpenoid combinations are helpful for your
condition, you can check terpenoid testing results to see if a certain product
is likely to be effective.



What Are Flavonoids?

Flavonoids are compounds that give plants their pigmentation, filter
ultraviolet rays, attract pollinators, and prevent plant disease. They exist in
fruits, vegetables, and flowers. More than five thousand flavonoids occur in
nature; approximately twenty are found in the cannabis plant. These
compounds are classified as aromatic polycyclic phenols and are made up
of 15 carbon atoms. The total content of flavonoids in a cannabis plant’s
flowers and leaves can reach 2 to 2.5 percent of its dry weight.

Flavonoids have been shown in laboratory studies to have anti-
inflammatory and antioxidant properties.9 They also have antifungal,
antibacterial, antiviral, anticancer, and antiallergic activity. Several studies
in humans report the following benefits of flavonoids:

• Flavonoids in green tea decreased the risk of gastric cancer in
women.10

• An intake of flavonoids was protective against smoking-related
cancers.11

• Dietary flavonoids (anthocyanins from berries and flavonols from
green tea and cocoa) may lower the risk of type 2 diabetes and
cardiovascular disease.12

Flavonoids are reported to be synergistic with both phytocannabinoids
and terpenes, enhancing and modulating the medicinal effects. Prominent
flavonoids found in the cannabis plant include:

Quercetin

• Potent antioxidant, antiviral, anticancer
• Also found in red wine, green tea, berries, onions

Apigenin

• Anti-inflammatory, antianxiety
• Also found in parsley, celery, chamomile tea, celeriac



Cannaflavins A and B

• Potent anti-inflammatory
• Unique to cannabis

Flavonoids contribute to the entourage effect, synergizing with
phytocannabinoids and terpenoids to enhance medicinal benefits. For
instance, in a rat model of neuropathic pain, a cannabis extract containing
phytocannabinoids, terpenoids, and flavonoids was more effective at
relieving pain than an extract with the same phytocannabinoids without the
terpenoids and flavonoids.13

Sativa or Indica?

You may have noticed I have not mentioned the terms “sativa” and “indica”
in the discussion of the plant. According to the correct scientific
nomenclature, cannabis variety sativa refers to the fiber-type plant, so-
called hemp, meaning the genetics of this particular plant promote the
growth of fiber with very little THC production.14 These fiber types also
carry the gene that allows the plant to synthesize a small amount of CBD
with very little or no THC. Cannabis variety indica scientifically refers to
the drug-type plant, so-called marijuana, which carries the genetics to
synthesize THC.

The current use of the terms “indica” and “sativa” completely ignores
this scientifically correct nomenclature. These terms have been hijacked to
indicate certain effects, namely that sativa chemovars are “uplifting and
stimulating” and indica chemovars are “relaxing and sedating.” These terms
are not correct and oversimplify the complexity of the different chemovars,
leading patients to try products that may not be effective.

Knowing the cannabinoid and terpenoid profile of a plant or product is a
much better way to understand what its effects will be rather than knowing
whether it is reported to be indica or sativa. For example, THC-rich
chemovars with significant amounts of the terpenoid myrcene are quite
sedating and are employed by many people to treat insomnia. Chemovars
with higher amounts of limonene tend to have uplifting, antidepressant



effects. Chemovars with higher amounts of linalool tend to have relaxing,
antianxiety effects. Since cannabis plants are commonly crossbred and
hybridized, it is difficult to know the cannabinoid and terpenoid profile
without laboratory analysis. Fortunately, most states with cannabis
regulations require laboratory analysis of products, allowing the patient to
assess potential effects prior to use. If the terpenoid profile is not listed on a
product, I recommend contacting the manufacturer and asking for the
terpenoid profile reported on the lab analysis, called the Certificate of
Analysis, or COA. In my experience, companies that are serious about their
products share these results freely.

Interestingly, many patients who are inhaling flowers through
vaporization learn to associate the smell of particular chemovars with their
effects. One of my earliest patients was a young woman with severe
depression. When we first met, she had already found success for her
condition with cannabis, but she wanted to be part of California’s legal
system rather than buy cannabis on the underground market. When I asked
her what chemovars helped her, she reported that she would smell the
flowers and if they smelled citrusy or fruity, she knew they would be
effective for her depression. She was smelling the terpenoid limonene.

The best way to determine the effects of a particular chemovar or
product is to first evaluate the content of phytocannabinoids, calculate the
ratio of CBD to THC if appropriate, and then look at the dominant
terpenoids. This assessment will give significantly more information than
the incorrect terms “sativa” and “indica.”

Chemovar Names

Aside from their genetics, cannabis plants are living entities that respond to
their environment. Growing conditions, harvesttime, and numerous other
factors play an enormous role in the makeup of the final product. This is
why the same chemovar grown in different places by different growers
under different conditions can and likely will result in different
phytocannabinoid and terpenoid content. For instance, a chemovar grown
outdoors in Northern California is likely to have a different profile than the
same chemovar grown in a greenhouse in Colorado. Patients who find a



certain chemovar to be helpful must be aware that a similarly named
chemovar may not have the same effects if it was grown under different
cultivation conditions.

Hemp-Derived CBD

Among the five different types of cannabis, Type III fiber type, which is
called “agricultural hemp” or “industrial hemp,” has gained enormous
popularity, as it is a “legal” source of CBD through the 2014 Farm Bill,
which put hemp back on the map after eight decades of cannabis
prohibition.

Many products made from hemp claim to contain CBD for medicinal
purposes. Patients and caregivers continually report confusion when
looking for CBD hemp products in stores and online, and rightly so. These
products are completely unregulated and still should be considered “buyer
beware.” In 2015, the FDA tested a number of products claiming to contain
CBD, and almost all of them lacked CBD or had amounts significantly
lower than what was reported on the label. An additional problem with
products made from hemp is possible contamination. This plant is a
bioaccumulator, which means it accumulates toxic substances from the soil.
If the soil is contaminated, for instance with metals, pesticides, gasoline, or
solvents, these compounds can be pulled up into the plant. During the CBD
extraction process, contaminants may be concentrated and may cause toxic
side effects in the consumer. In fact, there are anecdotal reports of people
becoming ill from so-called CBD products made from contaminated
industrial hemp.

What is the difference between hemp and cannabis in terms of
treating medical conditions? As Martin Lee from the organization Project
CBD explains, the main difference between fiber-type and drug-type
varieties is the content of resin, the sticky substance in the trichomes where
the phytocannabinoids, terpenoids, and flavonoids are synthesized. High-
resin plants contain a robust amount of these desired medicinal compounds.
Hemp is low-resin and therefore typically quite low in phytocannabinoid
content. Hemp is not an optimal source of CBD or other medicinal
compounds. High-resin drug-type plants are much preferred as medicine



when compared to low-resin hemp.15

But there is more to this story. The US government has inappropriately
and narrowly defined industrial hemp as containing less than 0.3 percent
THC by weight with no regard for the genetics of the plant. The vast
majority of high-resin plants, including those that are CBD dominant,
contain over 0.3 percent THC by weight and therefore are easy to identify
as drug-variety cannabis. However, some cultivators are now growing high-
resin CBD-dominant drug-type plants that are low enough in THC (under
0.3 percent THC by weight) that they meet the government’s narrow
definition of hemp. Although these plants are genetically drug-type
cannabis and are high-resin, they can be sold online or outside a medical
cannabis regulatory framework due to the low THC and are often
mislabeled as hemp. I call these products “drug-type cannabis
masquerading as hemp.” Companies are incentivized to do this in order to
have their sales not restricted to state-approved patients, to avoid the issue
of federal illegality, and to avoid the cost and effort of complying with strict
state cannabis product regulations.

How does one tell if a product is from a drug-type CBD-dominant
plant or from a fiber-type hemp plant? The only reliable way to know is
to check the Certificate of Analysis (COA), the report obtained from
analytical testing. The COA should include cannabinoid and terpenoid
content as well as the results of tests for mold, bacteria, pesticides, and
residual solvents. All products sold in state-licensed cannabis dispensaries
are required to have a COA available to patients and consumers. Whenever
possible, products should be purchased at licensed dispensaries. If you are
purchasing products online or from a non-dispensary retail store, ask for the
COA. If they do not have a COA or refuse to share it, do not purchase the
product. (Chapter 5 has more information about how to interpret a COA
report.)

I encourage my patients to avoid products that come from fiber-variety
hemp, as clinically I have found that drug-type cannabis is significantly
more effective when treating most illnesses. However, as mentioned, there
are quality products masquerading as hemp that are actually made from
CBD-rich drug-variety plants with less than 0.3 percent THC. The COA of
these products will show a diversity of cannabinoids and terpenoids,
allowing patients to recognize that these are not true hemp.



Gavin’s Story

Gavin was one of the first pediatric patients I treated with cannabis and I
shared his story in my previous book, Cannabis Revealed. He has been on
cannabinoid treatment for six years with incredible improvement in the
quality of his life. Here is his original story with an update.

I sensed true desperation almost immediately when I met with four-
year-old Gavin and his family. The despair was nearly palpable, even
in Gavin’s two grandmothers, who had accompanied the family to the
office. Gavin himself appeared oblivious to his surroundings, made
little eye contact, and was very hyperactive and distracted, moving
around the office the entire time. He was a cute child, wearing a little
fedora and glasses, but his face showed little emotion and we made
no connection. “We need help so badly,” the family said to me. “We
can no longer live like this.”

Rebecca is a stay-at-home mother with a special-education degree
whose first child, Gavin, was born six weeks early. While he had low
muscle tone, something you’d expect from a preemie, he also didn’t
reach his early milestones, and at around age two Gavin’s health and
development began to fall apart. He was nearly two by the time he
learned to walk, and at age three he was almost completely
nonverbal. Ultimately diagnosed with complex partial seizures,
cerebral palsy, and an unknown genetic anomaly, as well as cyclical
vomiting and autism, Gavin was prescribed the anticonvulsant
Keppra (levetiracetam) for his seizures. While the seizures stopped,
Gavin’s autistic behaviors increased, and within two months his
meltdowns became uncontrollable. Rebecca and her husband had
read online about “Keppra rage,” a difficult side effect of this
medication, and although they were happy that the seizures were
controlled, the continuous and worsening behavioral issues became
unacceptable. During this time, Rebecca saw the CNN documentary
Weed and began to explore cannabis as a possible treatment. When
she asked Gavin’s neurologist about trying cannabis, he ignorantly



told her, “The tar in the smoke will give him lung cancer.” She was
discouraged by this response but kept searching online for
information and found support on Facebook. She eventually brought
Gavin to my office in early 2014. With his behavior out of control,
life with Gavin had become a daily struggle.

I started Gavin on CBD-rich cannabis oil, given by mouth. The
effects were immediate. Within ten days, Gavin, previously
nonverbal, began speaking. The change was so dramatic that
Rebecca wanted to try weaning him off the Keppra to see if his
seizures might also be controlled. She switched neurologists and
found a supportive physician who helped her to wean Gavin off the
Keppra over five months. When he was completely off the drug, an
initial EEG showed some seizure activity, but Rebecca asked for
three months to adjust the dosage of CBD before trying other
pharmaceuticals. The subsequent forty-eight-hour EEG showed no
seizure activity, and Gavin hasn’t needed any further antiepileptic
medications.

Although the use of CBD-rich oil for a number of months resulted
in seizure freedom, improved verbal ability, and improved behavior,
Gavin continued to have some unwanted behaviors related to his
autism. It was at this point that we added THC-rich oil twice a day to
the CBD. As we’d hoped, his behavior improved significantly.

Rebecca still marvels at the dramatic turnaround in Gavin due to
cannabis medicine. In addition to seizure control, Gavin’s incredible
improvements in speech and autistic behaviors thrill her the most.
Although everyone who knew Gavin saw that he was quite intelligent
(even the speech pathologist had given him an iPad with
communication apps because they knew of his capabilities), he
previously had no real language or any imaginary play. One
afternoon soon after Gavin began taking CBD oil, Rebecca was in
her bedroom folding laundry. She looked up to see Gavin walking in
with the laundry basket. He placed it on the floor, stepped into it, and
declared, “Look, Mom! I’m an astronaut!”

Gavin has had no adverse side effects from cannabis use. He has
not experienced any intoxicating effects. He is able to make
connections with peers, and he transitions from activity to activity



throughout the day with ease. He is happy and thriving, and reports
from school are outstanding. Gavin’s story moves me as both a
physician and a mother. Although not every patient experiences this
level of improvement, Gavin is an example of why cannabis treatment
must be an available option for all children with challenging medical
conditions. His quality of life has been improved so significantly that
he is able to participate in his life fully as all children deserve.

Update: Gavin continues to thrive in school and at home. Over
the years, he has had a few breakthrough seizures, and he also has
had bouts with cyclical vomiting syndrome (a condition similar to
migraines), but he bounces back quickly and has had no
developmental regression. His family continues to be amazed at just
how well he is doing. His only medicine is cannabis.



CHAPTER 2

The Endocannabinoid System

To those who don’t “believe” in cannabis as medicine, I ask, “Do you
know about the endocannabinoid system and what medical conditions are
associated with its dysfunction?” If they cannot answer this question, they
are not knowledgeable enough to comment on cannabis as medicine. I joke
with my patients that I have no opinion about my car’s engine, but my
husband has many thoughts on it. I know nothing about car engines (nor am
I interested), but my husband knows a lot. I am not qualified to make any
statements about which engine is good or bad. Likewise, if you don’t know
about the endocannabinoid system, you are not qualified to have an opinion
about cannabis as medicine until you educate yourself! I also joke that the
medical use of cannabis is not a religion to believe in (unless you are
Rastafarian) but based in science. Once you understand the science behind
the use of medicinal cannabis, belief is irrelevant.

Here is just about everything you need to know about the
endocannabinoid system: In 1964, Dr. Raphael Mechoulam and his
colleagues at the Hebrew University of Jerusalem were interested in
studying plants with reported medicinal effects.1 They isolated THC from
the cannabis plant and found it to be responsible for the plant’s intoxicating
effects. It took another twenty-four years to understand how and where
THC worked in the human brain and body. In 1988, Dr. Allyn Howlett and
her colleagues at Saint Louis University Medical School discovered the first
cannabinoid receptor. Using advanced scientific techniques with radioactive
dye attached to synthetic THC, the researchers were able to trace the path of
THC to find where it worked.2 They saw that it selectively attached to a



specific receptor—previously called an “orphan” receptor because no one
knew its function—located on the membranes of certain cells. A receptor
works like a “lock” on the cell membrane, waiting for a specific “key” to
bind to it. When the chemical key binds to the receptor, it triggers a
chemical reaction in the cell, resulting in a change in the message that the
cell is sending. We have other lock-and-key receptor systems in our brains
and bodies, such as endorphins that bind to opioid receptors, dopamine that
binds to dopamine receptors, and many others. The cannabinoid receptor
happened to be discovered in the quest to understand how THC works to
make people intoxicated.

Scientists hypothesized that we do not have these receptors for the THC
key from the plant but rather we must make our own cannabis-like key that
works at the receptor site. All other receptors found in humans have keys
we make from within. Understanding this, researchers began looking for
our “internal key.” In 1992, the first of numerous “inner cannabis”
compounds was discovered.3 It was named “anandamide” by the scientists
who discovered it. “Ananda” is the Sanskrit word for “bliss.” Its scientific
name is N-arachidonoylethanolamine, or AEA for short. The following
year, researchers discovered a second cannabinoid receptor, primarily
located within components of the immune system.4 In 1995, a second
“inner cannabis” compound was discovered and was named 2-
arachidonoylglycerol (2-AG).5 These compounds were given the umbrella
term “endogenous cannabinoids,” or “endocannabinoids” (“endo” is Greek
for “inside” or “within”). Numerous other endocannabinoid compounds
have since been discovered, although anandamide and 2-AG are the most
researched.

The discovery of cannabinoid receptors and endocannabinoids caused
tremendous excitement in the scientific community, and research into
“cannabinoid science” exploded. Scientists named this system of receptors
and the endocannabinoids that interact with them the “endocannabinoid
system.”

How Does the Endocannabinoid System Work?

The endocannabinoid system is made up of endocannabinoids,



endocannabinoid receptors (two confirmed and others suspected), and the
enzymes that make and break down the endocannabinoids.

The endocannabinoid system.

This diagram shows two neurons where they meet at an area called the
“synapse.” The presynaptic neuron is sending chemical messengers called
“neurotransmitters,” and the postsynaptic neuron is receiving the
neurotransmitters’ messages.

Here’s how the mechanism works:



1. When there is too great a flow of neurotransmitters (called
neuroexcitation) from the presynaptic cell, an imbalance occurs,
causing a disturbance in the postsynaptic cell, resulting in…

2. An increase of calcium flowing into the postsynaptic cell, causing
the cell to make an endocannabinoid key (represented by the triangle
in the drawing).

3. The postsynaptic cell then sends the endocannabinoid key back to
attach to the cannabinoid receptor lock on the presynaptic cell.

4. This key-in-the-lock binding triggers a chemical reaction in the
presynaptic cell that results in a dampening down of the flow of
neurotransmitters, thereby correcting the imbalance.

A phytocannabinoid such as THC can substitute for an endocannabinoid
—both are keys for cannabinoid receptors and can result in changing the
imbalanced neurotransmitter message.

Why Do We Have an Endocannabinoid System?

When our cells are functioning properly and maintaining a healthy
equilibrium, we are in what is called a state of homeostasis. Very simply,
the job of the endocannabinoid system is to regulate the flow of
chemical messages that are sent between cells, with the goal of
maintaining homeostasis. When we experience inflammation, illness,
infection, or chemical or traumatic insults, our endocannabinoid system
goes into action, trying to restore balance amid the cellular messages.

Endocannabinoids are made and released by our cells on demand when
we need them.6 They do their job by binding to cannabinoid receptors,
triggering a cell to change its message, and subsequently they are broken
down by enzymes. They are what we call “short-lived” molecules. Human
endocannabinoid levels in the bloodstream have been measured in the lab
and in clinical trials, but currently this test is not available commercially.
Studies show that emotional and physical stressors elevate levels of
anandamide and other endocannabinoids with the goal of homeostasis.7

The endocannabinoid system is the most widespread receptor system in



the human body. It regulates many of the most important physiologic
pathways, including:

• Gastrointestinal activity
• Cardiovascular activity
• Pain perception
• Maintenance of bone mass
• Protection of neurons
• Hormonal regulation
• Metabolism control
• Immune function
• Inflammatory reactions
• Inhibition of tumor cells

As you can see, your endocannabinoid system is involved in just about
every chemical process in your body! The Italian researcher Vincenzo Di
Marzo noted that “the endocannabinoid system is essential to life” and
affects how you “relax, eat, sleep, forget and protect.”8 Scientific evidence
has proven that your endocannabinoid system is “switched on” when you
need protection—for example, when certain diseases strike, such as cancer;
neuropathic and inflammatory pain; multiple sclerosis; intestinal disorders;
post-traumatic stress disorder; traumatic brain injury; hemorrhagic, septic,
and cardiogenic shock; hypertension; atherosclerosis; and Parkinson’s
disease.9 Endocannabinoids can lessen the negative effects of an illness by
working to maintain a balance of cellular signals, minimizing and
mitigating pathological processes.

You don’t “feel” your pancreas releasing insulin, nor do you “know”
when your thyroid releases thyroid hormone, even though these essential
actions are happening all the time. In much the same way, you don’t feel
your endocannabinoid system working, but your cells make and use the
endocannabinoids to keep the multiple systems in your brain and body
functioning correctly, maintaining homeostasis of cell function. If your
endocannabinoid system is not working properly, you may have an
imbalance, which can manifest as a medical condition. There are no



pharmaceutical medications that directly address an endocannabinoid
dysfunction. However, the cannabis plant contains a “treasure trove” of
compounds that interact with the endocannabinoid system, helping to
restore balance to the cellular messages.10

Your Endocannabinoid System Is Different from Mine

People who use cannabis can have different experiences despite using the
same dose, chemovar, or preparation. Other factors, such as mindset and the
environmental setting, can influence response, especially when THC is
used. Why does this happen? These different responses reflect differences
in the baseline endocannabinoid system function of the person who is using
cannabis. If you have a normally functioning endocannabinoid system, you
may have a different response to cannabis than someone who has an
imbalance in his or her endocannabinoid system. A great example of this is
people who suffer from ADHD. Patients with ADHD have difficulty
focusing, completing tasks, organizing tasks, and sitting still—all of which
makes it hard to succeed at school and work. We know these patients suffer
from an imbalance in a number of their neurotransmitters. Published reports
and clinical experience with patients in my practice who struggle with
ADHD show that cannabis medicine can help them focus, stay on task,
remember things, and sit still for longer periods of time.11 Someone who
does not have ADHD and uses cannabis might report that cannabis makes
them unable to concentrate or remember things—just the opposite of the
ADHD patient. We now know that every person responds to cannabis based
on numerous factors, with the status of their underlying endocannabinoid
system as one of the main variables.

I often tell my patients that I wouldn’t prescribe insulin to someone who
doesn’t suffer from diabetes. The person with diabetes has a poorly
functioning pancreas that doesn’t produce insulin, whereas a nondiabetic
person has a perfectly functioning pancreas. Similarly, a person with
ADHD has an imbalance in neurotransmitters stemming from
endocannabinoid dysfunction.12 In the same way a person with diabetes
gets back into balance by taking insulin, a person with ADHD may find
balance—better focus and function—by taking cannabis medicine, as it



targets the cells sending the imbalanced neurotransmitter, fixing the
message and ultimately restoring homeostasis.

Using medicine that targets the underlying imbalance should be the
goal of all medical treatment. The discovery of the endocannabinoid
system and the medical conditions associated with its dysfunction are now
recognized and accepted by the medical community; therefore, we must
recognize cannabis as a legitimate medicine.

Receptor Locations

The locations of the two cannabinoid receptors have been mapped out and
explain the many diverse effects of cannabis.13 Certain locations have Type
I receptors (CB1), some have Type II receptors (CB2), and others express
both types of receptors. Additionally, injury and inflammation can induce
certain cells to express CB2 receptors.

CB1 receptors are located in areas of the brain related to:

• Pain sensation (areas of the brain: amygdala, also spinal cord)
— The location of cannabinoid receptors on cells that perceive pain

explains why so many patients report pain relief with cannabis
use.

— Some patients report that pain disappears completely, some
report a dulling of the pain sensation, and some report that pain
is unchanged but they are not focused on it.

• Memory and learning (areas of the brain: caudate nucleus,
hippocampus, putamen)

— For some patients, such as those with ADHD, the effects of
cannabis can enhance memory and learning.

— Patients may report that with cannabis use they are able to focus
and complete a task, retain what they have read, and be more
productive and creative at home and at work.

— Acute doses of THC-rich cannabis can interfere with the ability
to remember and learn.



• Emotion, such as anxiety, depression, fear (areas of the brain: cerebral
cortex, amygdala)

— One of the main conditions I see in my practice is anxiety and/or
depression. Cannabis is well-known to alleviate anxiety but can
in some cases increase it. In my clinical experience, if one has
anxiety with cannabis use, it is usually due to a specific
chemovar or a dosing issue (too much!), although there is a
small subset of the population who may not metabolize THC
well, resulting in anxiety with all THC use.

• Motor control and coordination (area of the brain: cerebellum)
— Cannabis (THC specifically) has been shown to interfere with

motor skills due to cannabinoid receptors located in the
cerebellum, more so in new or inexperienced users; however,
some patients with cerebellar disorders report benefits with
cannabis use.

• Appetite (area of the brain: hypothalamus)
— Cannabis (THC specifically) can increase appetite in some users

due to the receptors in the part of the brain that, when triggered,
increase appetite; this can be a positive side effect for those who
are on chemotherapy or who are underweight.

— Not all cannabis users experience hunger with THC use, but
some patients, especially those who are obese, report this as a
negative side effect.

• Nausea/vomiting (area of the brain: dorsal vagal complex)
— Numerous research studies in animals and humans have shown

that both THC and CBD, as well as other phytocannabinoids, act
to inhibit nausea and vomiting.

• Pleasure and reward (area of the brain: substantia nigra)
— THC is known to promote feelings of euphoria and reward, as

there are cannabinoid receptors in the areas of the brain that
regulate gratification and the perception of pleasure.



Location of receptors.

CB2 receptors are located in areas of the body related to:

• The immune system
— CB 2 receptors located in the various parts of the immune system

have the job of maintaining immunologic homeostasis, meaning
these receptors work to keep the immune system balanced. Many



immune-related cells have these receptors: monocytes,
macrophages, B cells, T cells, and cells in the spleen and tonsils.

• The peripheral nervous system
— Increased levels of CB2 receptors are found in the nerves of your

body after an injury and help decrease the sensation and
perception of pain.

• The skeletal system (effects on bone)
— CB 2 receptors are located in bone and have been shown to

decrease osteoclast activity (osteoclasts are the cells that break
down bone) and increase osteoblast activity (osteoblasts are the
cells that build up bone).

Areas that express both CB1 and CB2 receptors:

• Heart
— The binding of THC to CB1 receptors in the heart can cause an

increased heart rate in new or inexperienced THC users. This
effect disappears with more regular use.

— CB 2 receptors, when activated, appear to protect the heart from
injury (a cardioprotective role).

• Liver
— Binding of a cannabinoid to the CB1 receptors in an injured or

sick liver can cause fibrosis (development of scar tissue).
— Binding of a cannabinoid to the CB2 receptors in an injured or

sick liver counteracts the progression of fibrosis and works as a
protectant.

• Gastrointestinal system
— Both types of receptors are located in the nervous system of the

gut, called the enteric nervous system, where they inhibit gastric
secretions, decrease gut inflammation and pain, and reduce
gastric motility.

• Pancreas
— CB 1 receptors are mainly expressed in non-insulin-producing

pancreatic cells, while CB2 receptors are found in all pancreatic



cells.
— The endocannabinoid acting as a CB2 receptor (2-AG) decreases

insulin secretion.
• Reproductive system

— Cannabinoid receptors in the female reproductive organs regulate
fertility, maternal–fetal signaling, and development of the
placenta and embryo.

— Cannabinoid receptors in the male reproductive organs regulate
Sertoli cell survival, spermatogenesis, sperm–oocyte interaction,
and the blockade of polyspermy.

• Skin
— Both types of receptors have been found in the skin, specifically

keratinocytes, and in the epithelial cells of hair follicles,
sebocytes, and eccrine sweat glands. They are also found in the
nerve fibers of the skin. In these locations, the cannabinoid
receptors likely work to regulate skin inflammation and pain
sensation.

— CB 1 and CB2 receptors in adipocytes (fat cells) function to make
more adipocytes (a process called adipogenesis), increasing
energy storage. They are also are involved in lipogenesis (the
formation of triglycerides).

No Risk of Fatal Overdose

There are no cannabinoid receptors in the area of the brain that controls
breathing and heart rate. This explains why there is no possibility of a fatal
overdose with phytocannabinoids, nor has one ever been documented. In
contrast, there is an abundance of opioid receptors in the respiratory control
center in the brain. When high doses of opioid compounds, such as heroin,
methadone, or oxycodone, bind to opioid receptors in the respiratory
control center of the brain, the respiratory drive can be suppressed and may
lead to respiratory arrest and death. This is not an issue known to occur
from phytocannabinoids.



Additional Endocannabinoid Targets

Very importantly, endocannabinoids also work outside the endocannabinoid
system at various other targets in the brain and body. These targets include:

• GPR55, or G protein-coupled receptor 55, which regulates pain and
production of endocannabinoids

• The TRPV, or transient receptor potential vanilloid, a family of
protein ion channels that are involved in inflammation and pain
response

• PPARs, or peroxisome proliferator-activated receptors, which regulate
the translation of genes involved in metabolism and energy
homeostasis, and also confer cardioprotection and neuroprotection

More information about each phytocannabinoid’s specific non-
cannabinoid receptor targets are discussed in chapter 4.

Endocannabinoid System Dysfunction

Dysfunction of the endocannabinoid system is like the proverbial chicken
and egg. When the endocannabinoid system is functioning well,
homeostasis of many of the brain’s and body’s physiologic processes is
maintained. We now know that chronic medical conditions can stress the
endocannabinoid system to the point of dysfunction—that is, it is not able
to continue to maintain balance—leaving the person with the chronic illness
and struggling to get back into homeostasis. However, a dysfunction within
the endocannabinoid system itself can cause chronic medical conditions.
Underactivity or overactivity of the endocannabinoid system has been
linked to disease states and is the focus of much research throughout the
world. Understanding how the dysfunction of the endocannabinoid system
can cause disease or can result from disease is crucial to the use of cannabis
as medicine.



Endocannabinoid Deficiency Syndrome

In 2003, Dr. Ethan Russo, a board-certified neurologist and
psychopharmacology researcher, posed an excellent question in a scientific
paper, asking if a deficiency of endocannabinoids—the compounds that are
made on demand in our brains and bodies to maintain homeostasis—can
lead to disease. He hypothesized that having lower levels of these
compounds, which would diminish the ability to maintain homeostasis, may
lead to medical conditions such as migraine headaches, fibromyalgia,
irritable bowel syndrome, and other “treatment-resistant” conditions, noting
that many patients with these conditions had improvement of their
symptoms with cannabis.

Since that article was published, a multitude of scientific studies have
demonstrated that an impairment or dysfunction of the endocannabinoid
system can be the cause of significant and difficult-to-treat medical
conditions.14 This deficiency may be genetically determined, meaning a
person was born with it (congenital), while another person may develop it
later in life (acquired). Chronic stress, poor diet, poor sleep, and chronic
pain have all been shown to negatively impact endocannabinoid system
functioning and can lead to endocannabinoid dysfunction.

Endocannabinoid system dysfunction has been found in the following
medical conditions:

• Anxiety and depression15

• Autoimmune diseases16

• Cardiovascular disease17

• Complex regional pain syndrome18

• Eating disorders19

• Epilepsy20

• Failure to thrive in newborns21

• Fibromyalgia/myofascial pain syndrome22

• Huntington’s disease23

• Irritable bowel syndrome24

• Migraine headaches25



• Multiple sclerosis26

• Nausea and motion sickness27

• Parkinson’s disease28

• Schizophrenia29

Endocannabinoid Overactivity

In addition to an endocannabinoid deficiency, there can be dysregulation of
the endocannabinoid system at the other end of the spectrum, namely
overactivity. One example is the role of the endocannabinoid system in
appetite, digestion, and energy metabolism.

Researcher Dr. Vincenzo Di Marzo reported in 2008 that overactivity of
the endocannabinoid system may be associated with obesity and type 2
diabetes.30 Studies found that overweight/obese individuals and those with
type 2 diabetes have abnormally elevated blood levels of endocannabinoids,
which may be due to lower levels of the enzymes that are needed to break
down the endocannabinoids. Preliminary studies showed that
overweight/obese people do not make enough of these enzymes, resulting in
the endocannabinoids hanging around longer at the receptor, continuing to
activate them.31 This results in increased hunger, which increases body
weight, which then increases endocannabinoid levels, which then increases
hunger, and so on, creating a vicious cycle of endocannabinoid dysfunction.
When obese men who had elevated endocannabinoid levels were enrolled
for one year in a lifestyle-modification program requiring healthy eating
and physical activity, their abnormally elevated endocannabinoid levels
decreased, their weight and waist circumference were reduced, their
triglyceride levels decreased, and their healthy cholesterol levels
increased.32 More research is needed, but it appears that maintaining a
healthy weight through a balanced diet and regular exercise helps to keep
the endocannabinoid system functioning normally.

The Story of Rimonabant33



Rimonabant is a synthetic drug that works as a CB1 receptor inverse
agonist, which means it binds to the receptor but causes the opposite effect.
Rimonabant, by causing the opposite effect of endocannabinoids and THC
at the CB1 receptor, blocks hunger and influences metabolism. It was tested
in placebo-controlled studies in thousands of overweight and obese patients,
some with diabetes, high cholesterol, low HDL and high triglycerides
(TGs), and was found to have numerous benefits, including sustained
weight loss, reduction of TGs, increase in HDL, and better blood-glucose
control. Unfortunately, this drug also caused a number of significant and
unacceptable side effects, including depression, suicidal ideation, nausea,
and anxiety. Although rimonabant became available in Europe in 2006, it
was removed from the market in 2008, as its risks were shown to outweigh
its benefits. Researchers are still investigating synthetic compounds that
block CB1 receptors as potential treatments for obesity and type 2 diabetes.

Upregulation and Downregulation of Cannabinoid
Receptors

The number of cannabinoid receptors can change in response to what is
going on around them in the brain and body.34 Scientists call an increase in
the number of cannabinoid receptors “upregulation” and a decrease in the
number “downregulation.”

Some disease states are associated with the upregulation of receptors:

• Animals with seizures have shown an increase in cannabinoid
receptors in certain parts of their brains.35

• Animals with Crohn’s colitis-type illness have upregulated
cannabinoid receptors in their intestines.36

• Animals that suffer with nerve pain have upregulation of cannabinoid
receptors in certain parts of their brains.37

• Animals with sleep deprivation show an increase in cannabinoid
receptors in their brains.38

• Autistic children were found to have an increased number of CB2



receptors on their white blood cells (autism often includes an element
of immune dysfunction).39

• Cannabinoid receptors were upregulated in individuals with
depression who committed suicide.40

One theory is the increase in cannabinoid receptors is a compensatory or
protective mechanism: you have more receptors because your cells are
looking for endocannabinoids to help restore balance. Upregulation can be
maladaptive in some instances, such as increasing cellular fat deposits in
liver disease.

Cannabinoid receptors can also downregulate—that is, there are fewer
receptors available for cannabinoid binding. Usually in the case of being
overactivated, cannabinoid receptors move from their location on the cell
wall and “hide” inside the cell itself, a process called internalization. This
too is thought to be a protective mechanism. When internalized, the
receptor cannot be activated by cannabinoids. This process explains how
tolerance to THC develops.

Tolerance

Research has determined that chronic heavy users of THC-rich cannabis
have a decrease in the number of cannabinoid receptors.41 This
downregulation explains how these users develop tolerance to the effects of
cannabis. Tolerance is also regionally selective, meaning that different parts
of the brain can develop tolerance while other parts of the brain may not.
For example, one of my patients who started using cannabis for multiple
sclerosis found excellent relief of her spasticity from THC-rich cannabis.
Initially, she experienced some memory loss but found that after a few
months of use, this effect was no longer an issue. During this time, she
never lost the beneficial effect on the symptom of spasticity.

Tolerance to THC may not occur if THC dosing is kept low—usually
under 10 milligrams per dose. However, if tolerance does develop, the
patient often will have to increase the amount or potency of THC in order to
get the same effect. Although this is not dangerous, a loss of the medical



effect and the higher financial cost of using more and higher-potency
cannabis is not ideal. If a patient can abstain from cannabis use, the
receptors will “come out of hiding” and become available again, resolving
the issue of tolerance. Studies show that abstention from cannabis use for
approximately twenty-eight days results in a return of normal numbers of
cannabinoid receptors.42 However, for patients who rely on cannabis
medicine for chronic conditions, abstaining for this length of time may not
be possible, as quality of life may be negatively impacted. I recommend
using the lowest dose of THC that gives the desired effects. If there is loss
of beneficial effects, taking regular breaks from using THC-rich
products is helpful in maintaining receptor availability. Taking one or
two days off per week or one week off every two to three months will
minimize the downregulation of cannabinoid receptors, and the response to
the medical effects of THC can be maintained. Adding CBD or other
phytocannabinoids to the regimen may also help to minimize THC
tolerance.

It is important to know that THC is the only phytocannabinoid
understood to cause tolerance.

It’s Not a Miracle, It’s Science

Many of my patients who were suffering prior to cannabis treatment
recollect feeling quite desperate by the time they came to see me.
Struggling with a chronic illness and trying different therapies for years
without any improvement in quality of life can change a person profoundly,
causing depression, anxiety, and a sense of hopelessness. After finding
relief with cannabis, many think it is a “miracle treatment” and certainly it
may feel that way. But I must state that it is not a miracle, it is science. If
your endocannabinoid system is not functioning well, simply put, you are
out of balance. If dysfunction of the endocannabinoid system is the culprit,
prescribed medications that do not work within this system miss the target
and relief is often not achieved. Chronic illness leads to chronic stress, sleep
deprivation, and other issues that negatively impact the endocannabinoid
system, keeping it out of balance. For many patients, using cannabinoid
medicine targets the root cause of the medical condition and healing can



begin. For some, the effects are immediate; for others, it may take time for
the system to get back into balance. Once the endocannabinoid system is
functioning well, often less cannabis can be used to maintain homeostasis.
Commonly, patients report that when they initially started using cannabis,
they took higher doses, and after a few months, their dosing requirements
went down. It may take time to achieve this if you have been sick and under
stress for a long time. Using other natural modalities that have been shown
to help the endocannabinoid system stay balanced, such as a healthy diet,
regular exercise, and mindful stress-reduction techniques (e.g., meditation,
tai chi, and yoga) in addition to cannabis, can be the solution.

Sophie’s Story

Sophie was one of the first patients in California to use the famous
Charlotte’s Web CBD oil in 2013. I wrote about Sophie in my first book
and include her story here, with an update.

I went to medical school from 1986 to 1990 and did an internship
from 1990 to 1993, completely unaware of the incredible discoveries
of the cannabinoid receptors and the endocannabinoid system. By
1995, the first two endocannabinoids were discovered, but cannabis
medicine was still unknown to most physicians. When, in June of that
year, three-month-old Sophie was diagnosed with infantile spasms, a
rare seizure disorder with a particularly grim prognosis, the
neurologists began a course of high-dosage steroids and
benzodiazepines. By the time Sophie was nine months old, her
development had plateaued, she was on three antiepileptic
medications, and the seizures kept coming. Her neurologists in New
York City could find no reason for her epilepsy and diagnosed her
with cryptogenic infantile spasms. Over the next nineteen years,
Sophie was treated with twenty-two drugs and two courses of the
ketogenic diet, along with countless alternative therapies, including
osteopathy, Chinese herbs, and acupuncture. Her spasms evolved
into mixed seizures—atonic drops, tonic-clonic, partial complex, and



absence—but no medication helped stop them. She suffered from
serious side effects, and her quality of life was sometimes
unbearable.

Elizabeth, Sophie’s mother, told me that her old life ended on the
day Sophie was diagnosed, and her new life began, a life of sleepless
nights and days filled with intense caregiving, witnessing the
constant suffering of her daughter, and navigating all the systems of
care that having a sick and disabled child demanded. Sophie is
severely disabled as a result of the seizures and the medications.
While she can walk, she needs complete assistance with all life tasks,
including feeding and diapering. She is nonverbal and needs a
wheelchair because she tires easily and has seizures unexpectedly.
She has hurt herself countless times, knocked out permanent teeth,
gotten stitches, broken her leg and hand and nose as well as suffered
contusions and scrapes.

Even as Elizabeth became a nationally recognized advocate for
children with special healthcare needs, she never gave up hope that
there was something that might help Sophie, and as the years went
by, she became more and more convinced the traditional treatments
for refractory epilepsy were nothing but a crapshoot. When she
started hearing about cannabis and its effects on seizures, she began
to explore the cannabis laws in California. In December of 2013,
Sophie was one of my first patients to get quality-tested, whole-plant,
CBD-rich cannabis oil. Within two weeks of starting the oil, Sophie
had the first seizure-free day of her life, followed by a period of
several weeks with no seizures. She began to smile and appeared
relaxed and comfortable for the first time in decades.

I think often about the birth of and early diagnosis of Sophie—how
her life and treatment virtually coincided with our initial forays into
researching and learning about the endocannabinoid system.
Elizabeth doesn’t waste time thinking what Sophie’s life and the life
of her family might have been like if they had been able to try
cannabis back when she was first diagnosed. While she shared with
me how angry she feels when she’s contacted by parents of young
children on four or five medications yet still seizing, she is
encouraged that more families in the epilepsy community are seeing



the effects of cannabis medicine and fighting for access to it. She is
at peace knowing Sophie’s quality of life is now dramatically better,
and her whole family rests easier.

Update: It’s been six years since Sophie first began taking
cannabis, and while not seizure-free, she has far fewer seizures, and
those she does have are shorter and less intense. She recovers from
them more quickly and hasn’t needed a rescue medication since she
began taking cannabis. Elizabeth reports that they slowly weaned
Sophie off most of one of the two medications she had been on for a
decade, and the second medication entirely. While withdrawal was
difficult, the CBD and added THC-rich oil lessened those symptoms.
Sophie’s overall health and well-being have been enhanced as well,
with fewer illnesses and dramatically better sleep.



CHAPTER 3

The Safety Profile of Cannabis

In 2015, the acting chief of the US Drug Enforcement Administration said,
“If you want me to say that marijuana’s not dangerous, I’m not going to say
that because I think it is. Do I think it’s as dangerous as heroin? Probably
not. I’m not an expert.” Months later, he said in a briefing to reporters,
“What really bothers me is the notion that marijuana is also medicinal—
because it’s not. We can have an intellectually honest debate about whether
we should legalize something that is bad and dangerous, but don’t call it
medicine—that is a joke.” He went on to say, “There are pieces of
marijuana—extracts or constituents or component parts—that have great
promise, but if you talk about smoking the leaf of marijuana—which is
what people are talking about when they talk about medicinal marijuana—it
has never been shown to be safe or effective as a medicine.”1 Political
posturing aside, the former chief of the DEA has probably never heard of
the endocannabinoid system.

Despite the lies, political agendas, and propaganda, science clearly
shows that cannabis is one of the safest substances known to
humankind. Over the past hundred-plus years, numerous large
investigations into the safety of cannabis have been published. Here are
some highlights:

• 1894: The Report of the Indian Hemp Drugs Commission was an
Indo-British study of cannabis usage in India. The commission
researched cannabis use for two years and wrote a report over three
thousand pages long, concluding that “moderate use of hemp drugs



appears to cause no appreciable physical injury of any kind,”
“moderate use of these drugs produces no mental injury,” and
“moderate use produces no moral injury whatever.”2

• 1944: New York City mayor Fiorello La Guardia, angered by the
passage of the Marihuana Tax Act of 1937, commissioned the New
York Academy of Medicine to research claims that smoking cannabis
was dangerous and addictive. After five years of research, the
academy published their report, stating that “the practice of smoking
marihuana does not lead to addiction” and “the use of marihuana does
not lead to morphine or heroin or cocaine addiction.” Additionally,
numerous human clinical studies were performed, reporting “definite
evidence in this study that the marihuana users were not inferior in
intelligence” and “they suffered no mental or physical deterioration as
a result of their use of the drug.”3

• 1972: The National Commission on Marijuana and Drug Abuse was
created as part of the Controlled Substances Act to research cannabis
abuse in the US. Its final report, entitled Marijuana: A Signal of
Misunderstanding, was presented to Congress and recommended
ending marijuana prohibition. The report noted, “There is little proven
danger of physical or psychological harm from the experimental or
intermittent use of the natural preparations of cannabis,” and went on
to say, “The use of drugs for pleasure or other non-medical purposes
is not inherently irresponsible; alcohol is widely used as an acceptable
part of social activities.”4 The Nixon administration ignored the
findings of the commission and designated cannabis as a Schedule I
controlled substance, the most restrictive category of all, defining
these compounds as having “no currently accepted medical use in the
United States, a lack of accepted safety for use under medical
supervision, and a high potential for abuse.”5

• 1988: Sixteen years after the National Organization for the Reform of
Marijuana Laws (NORML) filed a petition with the US Drug
Enforcement Administration to reschedule cannabis from a Schedule
I to a Schedule II controlled substance, which would allow doctors to



prescribe it and researchers to study it, DEA chief administrative law
judge Francis L. Young wrote in his ruling that “[m]arijuana, in its
natural form, is one of the safest therapeutically active substances
known to man. By any measure of rational analysis marijuana can be
safely used within a supervised routine of medical care.” He also
wrote, “It would be unreasonable, arbitrary and capricious for DEA to
continue to stand between those sufferers and the benefits of this
substance in light of the evidence in this record.” He stated that there
was no evidence of lack of accepted safety with medical supervision
and he recommended rescheduling it.6 However, a DEA administrator
named John Lawn rejected the recommendation, and a 1994 court of
appeals sided with the rejection, leaving cannabis as a Schedule I
substance.

• 1999: The Institute of Medicine of the National Academies published
a report called Marijuana and Medicine: Assessing the Science Base.
The report concluded that “except for the harms associated with
smoking, the adverse effects of marijuana use are within the range of
effects tolerated for other medications.”7

• 2015: US surgeon general Dr. Vivek Murthy stated, “We have some
preliminary data that for certain medical conditions and symptoms,
that marijuana can be helpful,” and went on to say that he believed
US marijuana policy should be driven by science: “We have to use
that data to drive policy-making.”8

• 2017: The National Academies of Sciences, Engineering, and
Medicine published a review of relevant scientific research on
cannabis called The Health Effects of Cannabis and Cannabinoids:
The Current State of Evidence and Recommendations for Research,
for which an expert committee conducted an extensive search of the
scientific literature, reviewing more than ten thousand articles. The
major limitation of this report is that the reviewed studies used
synthetic cannabinoids or single-molecule cannabinoids, not “real-
world cannabis,” which is used by the majority of medical cannabis
patients. Despite this limitation, the major findings were:



— “In adults with chemotherapy-induced nausea and vomiting, oral
cannabinoids are effective antiemetics.”

— “In adults with chronic pain, patients who were treated with
cannabis or cannabinoids are more likely to experience a
clinically significant reduction in pain symptoms.”

— “In adults with multiple sclerosis (MS)-related spasticity, short-
term use of oral cannabinoids improves patient-reported
spasticity symptoms.”

— “The evidence is unclear as to whether and how cannabis use is
associated with heart attack, stroke, and diabetes.”

— “The evidence suggests that smoking cannabis does not increase
the risk for certain cancers (i.e., lung, head, and neck) in
adults.”9

It is crucial at this point to make a distinction between those using
cannabis as medicine (i.e., medical patients) and those using high doses of
THC for recreational purposes. The vast majority of studies assessing the
safety and risks of cannabis have explored the effects only of the
recreational use of chronic and/or high doses of THC. Medical cannabis
patients use other cannabinoids in addition to THC, with mostly low doses
of THC, as higher doses are not necessary to achieve the desired medicinal
effects. This type of use has not been investigated in depth; however,
preliminary studies of patients on medically supervised cannabis regimens
that include proper dosing and multiple cannabinoids are showing that
cannabis is safer than most pharmaceuticals and at least as effective for
certain conditions.

Acute Toxicity

No lethal dose of cannabis has ever been reported. In the past, scientists
employed the “LD50” as a measurement to compare the lethality of
different substances. The LD50 is the dose at which 50 percent of those
taking a specific drug would die, and it is expressed in the number of
milligrams of the drug consumed per kilogram of body weight. This dose
refers to an acute toxicity, meaning the lethality of one dose, not cumulative



doses over time. The lower the LD50, the more toxic the substance. For
example, the LD50 for aspirin is 200 milligrams per kilogram and the LD50
for common table salt is 3,000 milligrams per kilogram, showing that an
acute overdose of aspirin is much more deadly than an acute overdose of
table salt.

Scientists have had a difficult time trying to find the LD50 for THC.
Extrapolating from animal data, which reports that the LD50 of orally
ingested THC is over 1,000 milligrams per kilogram, it is thought that a
150-pound (70-kilogram) adult human would have to take 70,000
milligrams of THC, or over five thousand times the typical dose.10

The Centers for Disease Control (CDC) compiles yearly mortality data
that shows deaths from alcohol, tobacco, and other substances. The latest
CDC data reports that in the US in 2017 there were 70,237 deaths from
drug overdoses, with 67.8 percent (47,600) due to opioids. There were
35,823 alcohol-induced deaths in the same year. The CDC also reports
480,000 deaths due to tobacco every year (1,300 per day). The CDC no
longer has a category for cannabis deaths, as there have been none
reported.11

An acute overdose of THC, although not fatal, can be quite unpleasant
and may consist of feelings of paranoia, anxiety, panic, nausea, headache,
vomiting, a racing heart, hallucinations, and a perceived sense of death. For
some patients, an overdose of THC causes only severe sedation. All of
these symptoms wear off and do not leave any lasting effects, except the
desire to not have another similar experience. Overdoses are easily avoided
by always knowing what you are taking and starting with a low dose before
slowly increasing your dose over time. Other cannabinoids, such as CBD,
CBG, and CBC, have no known lethality and in fact, with an acute
overdose, have very few adverse side effects other than possible sedation
and stomach upset.

Chronic Toxicity

There have been numerous animal studies investigating the potential long-
term toxic effects of cannabinoids on the brain and other organs of the body.
As mentioned, most of these investigations used acute and extremely large



doses of THC in animal subjects in order to produce damage. As the vast
majority of medical cannabis patients do not take large amounts of THC,
these laboratory findings are irrelevant for those using cannabis medically.

In July 2016, researchers from New Zealand published a report on the
effects of long-term cannabis use (presumed recreational use, although
some may have been self-medicating) by 1,037 individuals who were
followed for twenty years. Cannabis was not associated with detrimental
health effects except for poorer periodontal health (thought to be a result of
smoke passing through the oral cavity). However, tobacco use in this cohort
was associated with worse health in eight of twelve outcomes, including
periodontal disease, poorer lung function, increased systemic inflammation,
and worse metabolic health. In fact, the researchers reported, “[W]e found
no association between cannabis use and cardiovascular risks (e.g., high
blood pressure and worse cholesterol levels),” and “[t]he absence of
associations between cannabis use and poor physical midlife health could
not be attributed to better initial health, more physical activity, better diet,
or less alcohol abuse,” implying that long-term use of cannabis is safe.12

As to whether the effects of long-term exposure to cannabis causes
persistent cognitive deficits in adults, the tremendous methodological
difficulties inherent in this type of study are obvious, as the many variables
are quite difficult to control. One study from 2001 that attempted this
investigation recruited sixty-three current heavy cannabis users and
seventy-two control subjects. Subjects underwent a twenty-eight-day
washout from cannabis, called the abstinence period. On days 0, 1, and 7 of
abstinence, the heavy users scored significantly below the control subjects
on a battery of neuropsychological tests. By day 28, there were virtually no
differences between the groups in any of the test results.13

In 2015, Dr. Marc Ware and his group at McGill University in Quebec,
looking to determine the safety of chronic medical cannabis use, studied
215 approved medical cannabis patients using THC for chronic non-cancer
pain and 216 controls with chronic pain who did not use THC. They
assessed side effects as well as neurocognitive, pulmonary, liver, kidney,
hematologic, biochemical, and endocrine functioning, plus efficacy for both
pain and mood. They found that medical THC use was not associated with
serious side effects but in some patients was associated with nonserious side
effects, such as drowsiness, dizziness, and nausea. Neurocognitive function



was improved in both cannabis users and the control group. There was no
impact of medical cannabis use on measures of hematologic, biochemical,
liver, kidney, and endocrine function among seventy-eight patients followed
over one year. They also found “significant improvements in pain intensity
and the physical dimension of quality of life over one year among the
cannabis users compared with controls; there was also significant
improvement among cannabis users in measures of the sensory component
of pain, symptom distress, and total mood disturbance compared with
controls.”14

In 2016, Dr. Staci Gruber and her team—called MIND: Marijuana
Investigations for Neuroscientific Discovery—at McLean Hospital in the
Boston area reported that medical cannabis patients who were tested
extensively before initiating cannabis and at three months of use showed
improvements in executive function. They also reported “reduced sleep
disturbance, decreased symptoms of depression, attenuated impulsivity, and
positive changes in some aspects of quality of life. Additionally, patients
reported a notable decrease in their use of conventional pharmaceutical
agents from baseline, with opiate use declining more than 42%.”15 A
second article published by this group documented brain findings through
functional magnetic resonance imaging (fMRI) of medical cannabis
patients. Following three months of cannabis treatment, patients
demonstrated improved task performance accompanied by changes in brain
activation patterns that resembled the brain patterns exhibited by healthy
controls, suggesting a potential “normalization” of brain function. The
authors noted that these effects were different from findings of recreational
users, who were shown to have decrements in task performance
accompanied by altered brain activation.16

Adverse Side Effects

Side effects from medical cannabis use are mild, temporary, and dose
dependent. Low doses of THC (less than 10 milligrams) are well tolerated
by most adult patients, but as with all drugs, some people are more sensitive
to the effects than others. This is why we have the saying “Start low and go
slow” when discussing the dosing of THC for new or inexperienced



patients. Every person has what I call a “ceiling dose” of THC. This is the
dose at which one begins to feel uncomfortable. Medical patients should
aim to use doses under this level to minimize any unwanted side effects. It
is important to understand that the correct dose of THC should not have any
significant side effects and that combining other cannabinoids, such as
CBD, with a proper dose of THC will minimize side effects and can
enhance medicinal benefits.

Adverse side effects from an overdose of THC include:

• Anxiety
• Dizziness
• Drowsiness
• Dry mouth
• Dysphoria (a sense of unease)
• Hallucinations
• Headache
• Increased appetite
• Paranoia
• Racing heart
• Red eyes
• Vomiting

CBD is often touted as not having any side effects; however, this may
not be true for someone who takes very high doses. One of the biggest
concerns is drug–drug interactions since CBD is metabolized in the liver,
where many other pharmaceuticals are metabolized. (More on this in
chapter 5.)

Adverse side effects from high doses of CBD may include:

• Diarrhea
• Drowsiness/sedation
• Reduced appetite



There are now claims that CBD can harm your liver. This comes from
the clinical studies of a pharmaceutically made 99 percent pure CBD
product called Epidiolex (from GW Pharmaceuticals). In order to gain
approval by the FDA, researchers conducting the Epidiolex clinical trials
gave very high doses to patients on anticonvulsant medications, looking for
any possible side effects. These doses were significantly higher than the
real-world doses used by patients taking natural CBD products. In using
these high doses, the researchers reported that the combination of Epidiolex
and a drug called valproic acid, which can cause liver issues on its own,
may result in elevated levels of liver enzymes. The elevated levels returned
to normal with discontinuation or reduction of Epidiolex dosing, or with
reduction of valproic acid dosing, evidence that this effect on the liver is
reversible. However, I have not seen similar issues in any patients taking
CBD under my care, except in one child with cancer who was being treated
with four liver-toxic chemotherapies at the same time; when chemo was
stopped, the levels went back to normal while the child was still taking
CBD.

Side effects from other phytocannabinoids have not been researched, as
they are only newly available for use by medical patients. Clinically, I have
seen few or no side effects in patients using CBDA, CBG, CBN, delta-8-
THC, THCA, or THCV.

In 2018, Israeli researchers published results from a retrospective study
of 901 elderly patients (over sixty-five years of age) who used medical
cannabis for at least six months, many of them using THC-rich products.
The most common indications were pain and cancer. In addition to finding
statistically significant efficacy for pain reduction and improvement in
quality of life, this study found that cannabis treatment was not associated
with a high number of adverse events in the short and medium term of the
follow-up. Only a small number of patients stopped the treatment due to
adverse events, which included dizziness in 9.7 percent, dry mouth in 7.1
percent, and somnolence in 3.9 percent.17 Outside of a study, in real-world
use of cannabis, side effects can often be minimized or eliminated with
adjustments in dosing, cannabinoid profiles, and timing or method of use
(covered in chapter 5).



Cannabinoid Hyperemesis Syndrome

CHS, first described in 2004, is a syndrome associated with chronic and
high-dose THC-rich cannabis use. Symptoms include cyclical episodes of
vomiting, nausea, and abdominal pain, as well as, in over 90 percent of
cases, compulsive bathing in hot water, which can relieve the symptoms.
THC affects the part of the brain that controls thermoregulation
(temperature), and in this syndrome, the compulsion is to seek warmth.
People who use cannabis often will try to use more cannabis to control the
symptoms, especially the nausea and vomiting; however, in CHS this
paradoxically makes the symptoms worse. If a person with CHS seeks care
in a hospital emergency department, they often get the “million-dollar”
evaluation because the symptoms are similar to other, more serious
conditions, such as appendicitis, bowel obstruction, pelvic inflammatory
disease, gallstones, pancreatitis, gastroenteritis, and cyclical vomiting
syndrome (CVS). Most emergency physicians are now aware of this
condition, which has helped with earlier and more accurate diagnosis, as
chronic heavy use of THC combined with a report of compulsive bathing in
hot water are clues that CHS is the cause of the trouble. Cessation of THC
use and abstinence are the primary treatments for CHS. Only a small
percentage of patients who are chronic heavy users develop CHS. It is
thought to occur in a subset of the population that may be genetically
susceptible, but at this time, the mechanisms of how CHS causes these
paradoxical symptoms and why CHS happens to some and not others is
unknown.

One of my patients, a young woman suffering with severe, chronic ankle
pain after a traumatic injury requiring reconstructive surgery, started using
highly concentrated THC to treat her pain (not on my advice!). She
developed symptoms of CHS and had six separate ER visits before she was
properly diagnosed because she was afraid to reveal her cannabis use to the
physicians attending to her. When I met with her for a follow-up visit, we
discussed THC overuse and a possible genetic predisposition to developing
CHS. She was reluctant to start using other pain medications, so I
recommended abstention from cannabis for one month and restarted her on
cannabis but with a high-ratio CBD:THC product instead. She did not have



a recurrence of CHS, although there are reports that in some people even a
small amount of THC can cause CHS to recur.

Tolerance, Dependence, and Addiction

As discussed in the previous chapter, tolerance occurs after frequent,
usually high-dose use of THC. The cannabinoid receptors downregulate—
that is, they internalize into the cells and thus are no longer able to bind to
endo-or phytocannabinoids. However, not all tolerance is undesired. Some
patients may become tolerant to memory impairment or to sedating effects
while still achieving pain relief. Cancer patients who are using cannabis for
its anticancer effects often take high doses of THC, which can cause
difficult side effects—brain fog, dysphoria, sedation, anxiety—but the
development of tolerance over time allows these patients to continue with
high doses. For all other patients, tolerance is easily managed with these
strategies:

• Be thoughtful about your use. If you feel well and don’t need to take a
dose of THC, don’t take it until you feel it’s necessary.

• Keep THC doses low and intermittent if possible.
• Add other cannabinoids, such as CBD, to your regimen.
• Take a break from cannabis if you are a daily user: skip using it one to

two days per week or take one week off every few months if you feel
tolerance is building.

Cannabis dependence is defined as a “problematic pattern of use leading
to clinically significant impairment or distress.”18 Symptoms of dependence
include using THC-rich cannabis in larger amounts or over a longer period
than needed or intended; making unsuccessful attempts to reduce or control
use; and/or spending excessive time in the acquisition of, use of, or
recovery from effects. The risk of THC dependence in recreational users
has been found to be about 8.9 percent.19

Cannabis addiction is defined similarly to other addictions: compulsive



drug seeking and intake, loss of control in limiting intake, and the
emergence of a negative emotional state when access to the drug is
prevented.20 A cannabis withdrawal syndrome has been clinically described
and includes symptoms of irritability, anger, anxiety, sleep disturbance,
depressed mood, and decreased appetite, as well as sweating, headache, and
shakiness.21 Symptoms occur one to two days after discontinuation of THC
use and can last one to two weeks.

As a cannabis specialist for over a decade, I can report that I do not see
significant toxicity, dependence, or addiction when cannabinoids are used
responsibly under medical supervision. Both dependence and addiction are
issues related to recreational use. To be frank, patients suffering with
medical conditions that interfere with their quality of life are just not
interested in having side effects, dependence, or addiction issues from
cannabis.



CHAPTER 4

The Medicinal Effects of
Phytocannabinoids

The Science Explained

When I first started working in the field of medical cannabis in 2008,
California dispensaries carried only products that were rich in THC. No
one, other than some cultivators in various countries and scientists in
laboratories around the world, was talking about or using CBD or other
phytocannabinoids. Around 2012, when lab testing of cannabis became
available, I heard from colleagues about rare CBD-rich plants cultivated in
Northern California. However, dispensaries still did not carry any CBD
products. In 2013, CNN aired a documentary called Weed in which Dr.
Sanjay Gupta, a prominent neurosurgeon, talked about how he had changed
his negative opinion about medical cannabis after learning about the
endocannabinoid system. The documentary featured a little girl with Dravet
syndrome, a devastating genetic pediatric epilepsy, who after having
hundreds of seizures every month, responded to CBD-rich cannabis. The
Colorado suppliers of this girl’s CBD oil were subsequently inundated by
desperate parents from all over the world, creating a long waiting list for
access to this oil. It was at this time that CBD started appearing in
dispensaries, and I began treating children for epilepsy with these products.
I also began encouraging my adult patients with chronic pain and cancer to



try adding CBD to their cannabis regimens. Since then, other
phytocannabinoid products have become available, including THCA,
CBDA, CBG, delta-8-THC, and THCV.

Unfortunately, research on the medical benefits of cannabis is still
prohibited in the US due to the continued Schedule I status of all cannabis
compounds, including CBD. Because cannabis laws are now enacted in
almost every US state, as well as thirty countries, patients are using
cannabis despite significant gaps in our knowledge. For example, we still
do not know which cancers may respond to cannabinoid treatment, how
many milligrams of CBD are needed to decrease inflammation in the gut, or
if cannabinoids can really prevent dementia. As a physician who works
with patients facing serious and sometimes life-threatening illnesses, it is
frustrating to have a dominance of studies on the effects of cannabis in
animals and very few in humans.

This chapter summarizes what we know about each phytocannabinoid
currently available for patient use, although apart from THC and CBD,
most phytocannabinoids still are not widely available. The latest scientific
research is included, as well as clinical indications, my clinical experience,
and reports from patients. We cannot say that an effect documented in
laboratory test tubes or in experimental animal studies will be the same for
humans, so I caution you to interpret the scientific findings carefully.
Dosing, methods of delivery, and other details about how to use cannabis as
medicine are discussed in chapter 5.

NOTE: It is important to make a distinction between the terms
“psychoactive” and “intoxicating.” A psychoactive substance is
simply one that changes a person’s mental state. Caffeine and
nicotine are psychoactive. An intoxicating substance is one that
alters a person’s mental state with diminished physical or
mental control. CBD is psychoactive but not intoxicating. THC is
psychoactive and also can be intoxicating, depending on the
dose taken.



Basic Concepts

In order to understand how cannabis plant compounds have medicinal
effects, it is important to understand some basic scientific concepts. As
described previously, receptors are located on the membranes of many of
our cells and work like locks, waiting for a specific compound key to bind
to them. Upon binding (also called “activation”), a chemical reaction is
triggered inside the cell. THC has its well-known effects due to this direct
binding to the cannabinoid receptors. Sometimes phytocannabinoids will
bind to different sites on a receptor, causing a different chemical reaction.
One of the ways CBD works is through this mechanism. Cannabinoid keys
can also block receptors, turning off a cell’s actions, or they can bind and
cause the opposite effect, which is called “inverse activation.” Additionally,
cannabinoids can block enzymes that break down our endocannabinoids—
meaning that our own endocannabinoids can hang around longer, giving
more of an effect; this is referred to as “inhibition of uptake.”

Delta-9-Tetrahydrocannabinol (THC)

THC is the most prominent cannabinoid in the cannabis plant. It was first
discovered in 1942, but its chemical structure was not discovered until
1964, when it was also found to produce intoxicating, or “high,” effects.1

Some people think THC is not medicinal, that it is just for getting high,
but there is no question that THC has amazing medicinal properties, and
with proper and responsible use, many different symptoms can be managed.
I often read in medical journals that the intoxicating effects of THC are
“unwanted,” and although that may be true for some people, many of my
patients report significant and life-changing relief with THC-rich cannabis.
This does not make these patients “potheads.” Remember, people with
chronic and serious illnesses often suffer with endocannabinoid deficiency
or dysregulation, meaning their endocannabinoid system is not working
properly. THC can and does correct this imbalance for many patients. A
person with an endocannabinoid dysfunction who finds THC-rich cannabis
to be helpful should have access to this medicine, just as someone with
diabetes or asthma should have access to the medications that benefit them.



After talking with thousands of patients who have found excellent results
with THC-rich cannabis medicine, I can definitively state that it is a safe
and effective medication when used correctly. (As with all medicines, there
are a few circumstances in which THC should be avoided; see chapter 6.)

One of the ways THC works is by binding directly to cannabinoid
receptors, similar to the way endocannabinoids bind to these receptors.
Remember that your endocannabinoid system works to maintain
homeostasis of your cells. If your endocannabinoid system is working
properly and experiences a trigger, such as illness, injury, or inflammation,
your body’s response is to make endocannabinoids to balance your cells’
messages. As discussed in chapter 2, certain medical conditions are
associated with an endocannabinoid deficiency, and anyone suffering with
this deficiency cannot respond fully to cellular imbalance, as they do not
make enough endocannabinoids to respond to the trigger.2 Using THC can
replace the missing endocannabinoids and restore a natural balance.

Scientific Research

In addition to interacting with the two well-known cannabinoid receptors
located throughout the brain and body, THC interacts with numerous other
receptors. Scientists call this ability to interact with many biological targets
“compound promiscuity.” It turns out that all of the phytocannabinoids are
uninhibited in their actions. The mechanisms of action between THC and
these physiologic pathways are quite complex but summarized here:

• TRP channels (TRPV1, TRPV2, TRPV3, TRPV4, TRPA1, and
TRPM8): These are proteins located in the brain, heart, small
intestine, lungs, skeletal muscles, and pancreas that are involved in
the sensation of temperature, pressure, and pH, as well as smell, taste,
vision, and pain perception.3 Dysfunction of these proteins is
implicated in neuropathic pain, cancer, inflammation, and respiratory
disorders.

• Glycine receptors: Located throughout the central nervous system and
spinal cord, these receptors are involved in inhibiting (dampening
down) the transmission of messages related to motor coordination,



pain transmission, and sensory processing. THC binds to these
receptors, decreasing pain signaling.4

• Serotonin receptors: These are located throughout the central nervous
system and gut, and are involved in cognition, mood, memory, body
temperature, nausea, pain, and movement. The interaction between
the endocannabinoid system and serotonin receptors is complex, with
THC having different actions at the different subsets of serotonin
receptors.5

• PPARs: These receptors are found in the nuclei of cells. In the liver
and adipose tissue, they control the formation of fat cells and glucose
metabolism. In the brain, they are involved in the regulation of
inflammation and also new brain cell growth. PPAR activation by
THC has been shown to have anticancer effects.6

• GPR18: This receptor, abundant in the central nervous and lymphatic
systems, is considered “cannabinoid-receptor-like” and plays a role in
lowering intraocular pressure as well as regulating metabolic
disorders and cancer. THC directly binds to this receptor.7

• GPR55: Another receptor considered “cannabinoid-receptor-like,”
GPR55 is abundant in the brain, gut, pancreas, and adipose tissue,
with evidence for clinical roles in energy metabolism, pain and
inflammation, GI disorders, seizures, bone health, and cancer.8

• Opioid receptors: There is preliminary evidence that THC is an
allosteric modulator of mu and delta opioid receptors, meaning THC
can change the way endorphins and opioids attach to these receptors;
however, the clinical significance remains unclear.9

Clinical Indications

What are the medicinal effects of THC?

• Anticancer
• Anti-inflammatory
• Antioxidant



• Improves sleep/sedating
• Neuroprotectant
• Reduces anxiety and depression
• Reduces/eliminates nausea and vomiting
• Reduces intraocular pressure
• Reduces spasticity and muscle spasms
• Relieves chronic pain
• Stimulates appetite

Note that many of these effects are discussed in part II, where ailments
are detailed.

I have treated thousands of patients with THC-rich cannabis. Many of
my adult patients commonly use THC at night, either smoked, vaporized, or
via an edible product, to help with pain, sleep, and/or anxiety. The acute
effects are gone by the following morning, and they report they are ready to
take on the day. Some chronic pain patients find that taking multiple low
doses throughout the day minimizes the need for other pain medications.
Many cancer patients report that THC helps to enhance their appetite and
decrease the side effects from chemotherapy, including nausea, vomiting,
pain, and anxiety.

Some patients have such significant relief from their conditions with
low-dose THC-rich cannabis that they think they are cured. Some also often
find that once they are improved, low and intermittent doses of THC-rich
cannabis keep their conditions under control. “I don’t use as much as I used
to” is a common phrase from my patients at their follow-up visits,
indicating to me that they are feeling better and balance of the
endocannabinoid system has likely been achieved. Some patients will feel
so well that they stop using cannabis completely and may find that their
medical condition does not return. Others find that ongoing use of THC
maintains a balance and allows for the medical condition to be managed
quite easily and without side effects.

One particular patient came to me with a long history of migraine
headaches, which had started many years before when he was a teenager.
His mother, grandmother, and three siblings all suffered from migraines as
well. Trials of numerous other medications had not been successful, but he



had complete resolution of his migraines for one year with the use of THC-
rich cannabis. Thinking he was cured and no longer needed treatment, he
stopped medicating with THC. Three months later, he came back to see me,
reporting that the migraines had returned. A resumption of low doses of
vaporized THC a few nights per week keep the headaches away, with
beneficial side effects of less anxiety and better sleep. He reports no adverse
side effects. This patient may have a genetic endocannabinoid deficiency
causing his migraine condition, as evidenced by his family history and the
medical use of THC resolving all symptoms.

Another patient who has had success with THC-rich cannabis is a
woman who was going through menopause, which aggravated a mood
disorder she had been diagnosed with in her twenties. She was struggling
with anxiety, bouts of depression, anger, hot flashes, and very poor sleep.
She had been prescribed hormone replacement medications but was
reluctant to use them due to a family history of cancer. When this patient
came to see me, she was what we call “cannabis naive”—that is, she had
never used cannabis. She had numerous misconceptions and frankly was
fearful about using THC, wanting to use only CBD. I educated her, but due
to her fears, I started her on a product that was predominantly CBD. Over a
period of two months, she titrated the dose from low to high with no
benefits. At this point she agreed to try THC at night, starting with a very
low dose of 1 milligram via a sublingual (taken under the tongue) tincture.
Once she realized that she had complete control over the dosing, she felt
more comfortable and found that 3 milligrams of THC taken about two
hours before bedtime allowed her to get seven hours of restful sleep,
followed by a day in which her mood was more stable. This patient has
continued to find tremendous relief from her symptoms with this regimen
for the past five years without having to escalate dosing or take other
medications.

As discussed in chapter 1, the potency of THC-rich cannabis has
increased over the last few decades. Additionally, highly concentrated
forms of THC have appeared on the market. I have not seen issues with this
increase, as patients using THC for medical purposes rarely overmedicate.
They use trial and error to find the lowest dose that alleviates the medical
condition. If they use more, they find that the higher dose can cause
uncomfortable side effects or, with the development of tolerance to THC



over time, the beneficial medicinal effects may be lessened or lost. When a
patient reports having to increase to large doses of THC, tolerance may
have developed. As mentioned in the previous chapter, abstaining for a few
days to a week will diminish tolerance and allow the patient to lessen the
amount of THC-rich cannabis needed while likely improving the medicinal
effects.

There are a few things to keep in mind when using THC-rich cannabis
medicine:

• Different people respond differently to THC. Some people feel
significant effects and some do not; some like the way THC makes
them feel and others do not.

• Patients should use the lowest dose that gives the desired effects so
that tolerance can be limited.

• When taken orally, THC is converted in the liver to an active
breakdown product called 11-hydroxy-THC (11-OH-THC). This
compound is intoxicating and sedating, and has a long half-life,
making edibles quite potent, long-lasting, and effective for nighttime
use. Dosing is very important, as the conversion of THC to this
compound cannot be predicted, hence the saying “Start low and go
slow.”

• Daily users of THC can take breaks, either skipping use one to two
days per week or one week every few months to allow the number of
cannabinoid receptors to remain as close to normal as possible. Often
people using doses under 10 milligrams do not develop tolerance,
especially if CBD is included in the regimen.

• Patients should make sure to keep THC-rich cannabis medicine away
from children and pets.

• The most common side effects from THC-rich cannabis are dry
mouth, dizziness, sleepiness, rapid heartbeat, reddening of the eyes,
coughing from inhalation of smoke or vapor, increased anxiety, and
paranoia. Many patients are able to eliminate these effects by
adjusting the dose, timing, and/or method of use.



THC-rich cannabis comes in many forms: raw flowers, which can be
inhaled via smoking or vaporizing; vaporizer cartridges; edibles;
transdermal patches; sublingual tinctures or extracts; topicals; capsules; and
highly concentrated forms.

Cannabidiol (CBD)

Cannabidiol is the second most prominent cannabinoid in the cannabis
plant. CBD was first discovered in 1940, and its chemical structure was
elucidated in 1963.10 As research into the multitude of medicinal properties
of CBD continues to increase, more CBD chemovars and products are
becoming available. Many medical cannabis patients who were primarily
taking THC are now including CBD in their therapeutic regimens. Whereas
THC binds directly to the cannabinoid receptor, CBD does not. This is why
CBD has no intoxicating effects and does not cause tolerance with
repeated use.

Scientific Research

CBD, like THC, interacts with the endocannabinoid system, but most of its
therapeutic effects are from interactions with non-cannabinoid targets. In
fact, CBD has been found to have sixty-five different sites of action!11

These sites can be broken down into four main categories: receptors,
enzymes, ion channels, and transporters.

CBD interacts with many of the body’s receptors. There is overlap with
receptors that interact with THC; however, these two phytocannabinoids
may have similar or different mechanisms of action at these sites:

• Cannabinoid receptors: CBD does not bind directly to the
cannabinoid receptors like THC does; rather, it binds to a “side site”
on the receptors, in turn affecting how THC binds to the same
receptor.12 This is called “negative allosteric modulation” of the
cannabinoid receptors.

• Glycine receptors: CBD acts as a “positive allosteric modulator,”



which means it binds to a side site of the glycine receptors and
enhances the body’s own glycine, thus working to suppress
inflammation and dampen the signal of neuropathic pain.13

• GABA receptors: CBD also acts as a positive allosteric modulator at
these receptors, enhancing the body’s own GABA, or gamma
aminobutyric acid, resulting in antianxiety and anticonvulsant
effects.14

• Serotonin receptors: Research shows that CBD binds to these
receptors, modulating mood, pain, cognition, memory, nausea, and
cardiovascular function.15

• PPARs: CBD also binds to these receptors, causing anticancer,
neuroprotective, anti-inflammatory, and antidiabetic effects.16

• Adenosine receptors: When CBD binds to these receptors, it confers
anti-inflammatory and neuroprotective effects.17

• GPR55: CBD blocks this widespread receptor (acting as a “receptor
antagonist”), resulting in a decrease in neuronal excitation and
conferring an antiepileptic effect.18

• GPR18: CBD is reported to weakly bind to and block this receptor,
which is abundant in the central nervous and lymphatic systems.
GPR18 is thought to play a role in intraocular pressure, metabolic
disorders, and cancer, but the clinical significance is still unknown.19

• GPR3, GPR6, and GPR12: CBD is an inverse agonist at these
receptors, meaning it binds to these receptors but causes an opposite
effect.20 These receptors play a role in neurodegenerative disorders
(Parkinson’s and Alzheimer’s diseases), cancer, and infertility. The
clinical significance is still unknown.

• Opioid receptors: There is preliminary evidence that CBD is an
allosteric modulator of mu and delta opioid receptors; however, it is
unclear how this translates to clinical situations.21

CBD also interacts with numerous enzymes in order to exert its
influence in the body. Some of these enzymes and their effects include:



• Cytochrome P450 enzymes (influence metabolism)
• Mitochondrial electron transport chain enzymes (modulate brain

energy metabolism)
• AANAT enzyme (involved in melatonin biosynthesis)
• FAAH enzyme (used in the breakdown of anandamide)
• COX and LOX enzymes (modulate inflammatory processes)
• IDO enzyme (mediates cytokine-induced sickness behavior)22

CBD interacts with TRP ion channels too, which are like pores in cell
walls. Calcium, potassium, and sodium pass in and out of these channels,
producing electrical signals that control the flow of neurotransmitters and
other compounds made by the cells. TRP channels, as mentioned previously
as a target of THC, are also targets of CBD and are implicated in the
regulation of body temperature, pain, inflammation, cancer, and epilepsy.23

Lastly, CBD interacts with transporter proteins, which work to move
chemical compounds throughout the brain and body. CBD is known to bind
to transporter proteins in such a way as to block the reuptake of
endocannabinoids, allowing them to have a longer effect at the cannabinoid
receptors. This is one way that CBD helps to enhance the function of the
endocannabinoid system.

Clinical Indications

What are the medicinal effects of CBD?

• Antibacterial
• Anticancer (CBD is antiproliferative, antimetastatic, and

antiangiogenic, so it doesn’t just treat symptoms of cancer and cancer
treatment—I discuss this more in the cancer section.)

• Anticonvulsant
• Anti-inflammatory
• Antioxidant
• Antipsychotic
• Neuroprotectant



• Promotes bone growth
• Reduces anxiety and depression
• Reduces/eliminates nausea and vomiting
• Reduces intraocular pressure
• Reduces spasticity and muscle spasms
• Relieves chronic pain
• Stimulates appetite

There are a few things to keep in mind when using CBD-rich cannabis
medicine:

• CBD is alerting in lower doses and sedating in higher doses.
• CBD is well documented to be extremely safe for human use. Side

effects are rare, usually occurring with very high doses, and can
include diarrhea, sedation, and decreased appetite.

• CBD is metabolized in the liver, where many other pharmaceuticals
are metabolized as well. This may lead to drug–drug interactions
(discussed in chapter 5).

• CBD changes the flow of neurotransmitters in the brain, which affect
a person’s mental state, making CBD a psychoactive—but not
intoxicating—compound.

• When patients use both CBD and THC at the same time, CBD
changes the way THC binds to cannabinoid receptors. CBD may
decrease the intoxicating effects of THC, depending on how much of
each compound is taken. Knowing the ratio of CBD to THC, or
CBD:THC, allows patients to determine potential intoxicating effects
of the product; the lower the ratio, meaning more THC in relation to
CBD, the more likely it is you will feel the effects of THC.

• CBD may help protect short-term memory loss and prevent the
anxiety and paranoia that THC can sometimes cause.24

• CBD appears to be more effective when there is some THC, even a
small amount, present in the product (remember the entourage
effect).25



• When taken with THC, CBD blocks the breakdown of THC to its
metabolite 11-hydroxy-THC, thereby decreasing some of the
intoxication and sedation associated with this metabolite.26

• Patients using cannabis containing CBD do not develop tolerance.
Studies of nabiximols (trade name Sativex, from GW
Pharmaceuticals), a CBD:THC 1:1 plant-based pharmaceutical
approved in Europe, reported no tolerance in 941 patients with a
combined 2,213.98 years of exposure.27 Clinically, I have not seen
tolerance develop in patients using CBD products.

• There may be reverse tolerance with CBD in some patients, in which
a patient responds better to a lower dose after being on a higher dose
over time. I have a number of pediatric patients with epilepsy who
have later required a reduction of their dose of CBD in order to
maintain seizure control. Although it is unclear exactly why this may
happen in some patients, the thought is that CBD use in time
enhances the endocannabinoid system and other non-cannabinoid
targets, allowing them to function better and resulting in a more
balanced flow of neurotransmitters.

One of my longtime patients who has had great success with CBD-rich
medicine came to me when she was eighteen years old. She suffered with
rheumatoid arthritis, Crohn’s disease, autism, and a seizure disorder. She
was fed through a feeding tube, was nonverbal, and struggled with chronic
pain. She began using a high-ratio CBD:THC tincture every eight hours,
with the goal of treating her seizure disorder. She has had a greater than 90
percent reduction of seizures. Within the first few years, she was able to
stop taking almost all other medications, which included anticonvulsants
and biologics (injected medications that reduce inflammatory conditions),
began eating by mouth, had the feeding tube removed, and became more
engaged with her parents. Over time, the inflammatory markers on her
blood tests became normal. The biggest change reported by her mother is
that she is happier than she has ever been.

Another patient who reported excellent results with CBD-rich cannabis
is an older woman who had severe traumatic injuries, including significant



head trauma, after a car accident many years ago. After two years of
rehabilitation, she continued to suffer from chronic pain and intermittent
depression, which were not responding to conventional pharmaceuticals.
She began using THC-rich cannabis, which eased her physical pain, but she
did not find relief from her depressive symptoms. I encouraged her to add
CBD-rich cannabis to her regimen, and she found a tremendous
improvement in her mood. She uses two separate cannabis products, one
CBD-rich in the morning and the other THC-rich at night. She has been
able to discontinue pain medication and antidepressants since adding CBD
to her regimen.

Like THC-rich cannabis products, CBD products are available in many
forms, such as raw flowers, which can be inhaled via smoking or
vaporizing; vaporizer cartridges; edibles; sublingual tinctures or extracts;
topicals; transdermal patches; capsules; and highly concentrated forms.

Cannabinol (CBN)

Cannabinol is the third most prominent phytocannabinoid after THC and
CBD. CBN was the first phytocannabinoid discovered at the end of the
nineteenth century and was thought to be the main intoxicating compound
in cannabis for many years until the discovery of THC.28 It is found in trace
amounts in the freshly cut cannabis flowers as well as in aged cannabis. As
THC degrades over time, it oxidizes to form CBN.

Scientific Research

Cannabinol is less studied than THC and CBD, leaving us with many
questions about its interaction with human physiology. Here is what we
know so far:

• Cannabinoid receptors: CBN binds weakly to the CB1 and CB2
receptors, with stronger binding at CB2.29

• TRP channels: Similar to how THC activates this family of proteins,
CBN activates TRPA1 and blocks TRPM8, both of which are



involved in pain, inflammation, and cancer.30

Clinical Indications

Although CBN is reported to bind weakly to CB1 receptors, which should
cause some intoxicating effects, three studies in which human subjects were
given CBN in both low and high doses (ranging from 20 to 400 milligrams)
reported no symptoms of intoxication.31

What are the medicinal effects of CBN?

• Antibacterial32

• Anticonvulsant33

• Promotes bone growth34

• Reduces intraocular pressure35

• Relieves pain36

• Stimulates appetite37

Two recent laboratory studies have shown that CBN can enhance the
effects of other phytocannabinoids: the combination of CBN and THC was
found to be neuroprotective in a model of Alzheimer’s disease,38 and the
combination of CBN and CBC (cannabichromene) was analgesic in an
animal model of chronic pain similar to fibromyalgia and
temporomandibular disorders (such as TMJ syndrome).39

CBN also has been promoted as a sleep aid, although no studies support
this claim. Human subjects taking isolated CBN did not report sedation;
however, one study reported that CBN enhanced the effects of sedation
caused by THC.40 It is possible that patients who feel sedated from CBN
are experiencing the effect from the THC or from terpenoids that remain in
aged cannabis rather than the CBN itself. Despite the findings from studies,
products containing higher amounts of CBN are gaining popularity for
treatment of insomnia. Although some people may find CBN-rich products
to be helpful in promoting sleep, THC-rich cannabis containing the sedating
terpenoids is more effective for insomnia based on patient reports.

CBN products are available as tinctures, capsules, tablets, and tea. Also,
CBN+THC and CBN+CBD combination products are on the market. Aged



THC-rich cannabis flowers can be inhaled, as they will have a substantial
amount of CBN.

Tetrahydrocannabinolic Acid (THCA)

THCA, first identified in 1965, is the main cannabinoid found in large
amounts in raw, unheated, drug-variety cannabis flowers.41 When THCA is
exposed to heat (about 280–300°F), it is converted to THC by a process
called “decarboxylation.” There are two known forms of THCA—THCA-A
and THCA-B—but the cannabis plant appears to make more THCA-A,
therefore it is this form that has been the focus of studies and will be
referred to as simply THCA.42 Interestingly, THCA is thought to be one of
the plant’s defense mechanisms against insect predators.43

It has been difficult to study the effects of THCA, as it is considered to
be an unstable compound that readily converts to THC. Any attempt to
completely isolate THCA for research has failed since some portion of the
THCA will convert to THC. Results from THCA experiments are therefore
clouded by the persistent presence of a small amount of THC, making it
hard to distinguish if findings are due to THCA or THC. Scientists are
working to stabilize THCA by changing its chemical structure to limit the
conversion to THC.

It is still unclear if THCA binds directly to cannabinoid receptors since
results from laboratory and animal studies are contradictory. The current
consensus is that THCA likely binds to cannabinoid receptors, albeit
weakly. If this is true, THCA should be intoxicating, but patients who take
THCA preparations do not report intoxicating effects. Researcher
Guillermo Moreno-Sanz in a 2016 paper hypothesized that the most likely
explanation for the contradictory findings is that THCA is unable to cross
the blood–brain barrier (BBB)—the protective filter that prevents large
molecules, certain immune cells, and disease-causing foreign invaders, such
as bacteria and viruses, from entering the brain and spinal cord. Therefore,
Moreno-Sanz proposes, THCA does not bind to cannabinoid receptors in
the central nervous system.44 It does, however, bind to the cannabinoid
receptors located outside the central nervous system, conferring the
therapeutic benefits.



Interestingly, THCA has been noted to reduce seizures in many pediatric
patients. This effect has been investigated in only one experiment in mice,45

but if the reports that THCA does not penetrate into the brain are true, how
do we explain this effect? One hypothesis is that in certain conditions—
such as epilepsy, ALS, multiple sclerosis, head trauma, schizophrenia, and
systemic inflammation—the blood–brain barrier is compromised.46 In these
cases, THCA may be able to pass into the brain and interact with the
endocannabinoid system and other targets, reducing seizures. Another
hypothesis is that the antiseizure effects are caused by THC and other
cannabinoids and terpenoids contained within the THCA preparation, not
from the THCA itself. As you can see, more research is necessary to
understand how THCA works for specific conditions.

Scientific Research

THCA, like other phytocannabinoids, has been shown to target numerous
sites in the body:

• CB2 receptors: As discussed previously, THCA likely binds to
cannabinoid receptors located outside the central nervous system;
these receptors are dense in the gut, where they play an anti-
inflammatory role.

• PPARs: THCA binds to these receptors, causing anti-inflammatory
and neuroprotective benefits in a laboratory model of Huntington’s
disease.47

• GPR55: Interestingly, THCA was shown to be the main
phytocannabinoid influencing anti-inflammatory effects in the colon,
mediated in part through this receptor.48

• COX enzymes: These enzymes produce prostaglandins, compounds
that promote inflammation, pain, and fever.49 Like CBD, THCA
inhibits COX, decreasing production of prostaglandins.

• TRP channels: THCA binds to TRPA1 and blocks TRPM8,
conferring anticancer effects.50 These channels also are involved in
pain and inflammation, but effects of THCA at this particular



mechanism remain to be studied.

Clinical Indications

What are the medicinal effects of THCA?

• Anticancer51

• Anticonvulsant52

• Anti-inflammatory53

• Antispasmodic54

• Blocks anticipatory nausea (a type of conditioned nausea that occurs
when a person who experiences nausea from chemotherapy develops
nausea upon thinking about future chemo treatment)55

• Neuroprotectant56

• Potential antidepressant57

Patients use THCA for nausea, pain, inflammatory conditions, cancer,
intestinal issues, autism, and seizure disorders. Some patients have reported
excellent results from regularly drinking fresh juice made from raw
cannabis flowers and leaves. This method of taking THCA is challenging,
as a large number of plants are required to regularly juice fresh leaves.
Fortunately, THCA-rich cannabis products have become more available
over the past few years. These products should be kept in the refrigerator to
minimize the conversion of THCA to THC. Contrary to recent claims,
THCA does not convert to THC in the body.

One of my patients who suffered for years with irritable bowel
syndrome and anxiety was using THC to treat his symptoms, obtaining only
somewhat effective results. He would build tolerance to the THC, which
resulted in him either taking higher, more expensive doses or taking breaks
from THC, which then left his IBS untreated. He also had the unwanted
side effect of severe “munchies,” which led him to eating food that
exacerbated his symptoms. We discussed his options and decided to have
him try sublingual THCA, starting with 20 milligrams once a day. After
about two weeks, he noticed decreased cramping, reduced abdominal pain,



and less anxiety related to the condition. Occasionally if he eats something
that aggravates his symptoms, he will increase his dose of THCA or use
THC to rein in the flare-up. He has not had any further issues with tolerance
or intoxication and has been able to remain on the same dose with good
control of his IBS for almost three years.

I have not seen the development of tolerance to THCA in any patients.
Toxicity has not been described, nor have I seen any significant unwanted
side effects. Rarely THCA has caused anxiety or increased unwanted
behaviors in some pediatric patients, but these effects seem to be related to
the amount of THC within the preparation or due to the specific chemovar
and have resolved quickly with a change in product.

THCA is available as a tincture in a carrier oil, which can be taken either
sublingually or swallowed. Prefilled capsules, topical balms, and
transdermal patches are also available. Some patients make their own
capsules, filling them with a customized dose of tincture that works for
them. Remember, THCA should be kept refrigerated to minimize
conversion to THC.

Cannabidiolic Acid (CBDA)

CBDA was first discovered in 1940 and thought to be inactive.58 Only
recently has research begun to reveal its many medicinal benefits. CBDA is
found in the raw cannabis flowers. When heated, it will convert to CBD
through decarboxylation, similar to the conversion of THCA to THC.
CBDA is nonintoxicating.

Scientific Research

Here is what we know so far about CBDA and its interaction with the brain
and body:

• Serotonin receptors 5HT1A: These receptors play a role in controlling
nausea and vomiting. CBDA, working through these receptors, is
reported to be about a hundred times more effective than CBD at



reducing nausea and vomiting in animals.59 Combination
THC+CBDA at very low doses has a similar potency for nausea and
vomiting.60 Another study showed low doses of combination
CBD+THC+CBDA suppressed vomiting in animals.61 These same
receptors are involved in anxiety. A recent study showed that
stressed-out mice had a reduction in anxiety after a very low dose of
CBDA was given.62

• Anandamide: CBDA blocked the uptake of anandamide, increasing
its effects and thus enhancing the endocannabinoid system.63

• 2-AG: Too much 2-AG (one of your endocannabinoids) is associated
with obesity and insulin resistance; by inhibiting the synthesis of 2-
AG, CBDA may have therapeutic value in preventing these
conditions.64

• TRP channels: CBDA acts at these channels involved in chronic and
inflammatory pain as well as cancer. A study in mice found CBDA to
be more potent than CBD for treating pain and inflammation. The
same study showed that when given together, a combination of low
doses of CBDA and THC was effective for pain and inflammation.65

• COX enzymes: These enzymes produce prostaglandins, compounds
that promote inflammation, pain, and fever. Like CBD and THCA,
CBDA inhibits COX, decreasing production of prostaglandins.66

COX enzymes also have been shown to promote metastasis of breast
cancer cells. CBDA was found in four laboratory studies to change
gene expression by inhibiting COX, thereby decreasing metastasis.67

CBDA, like THCA, is considered an unstable compound in that it
readily converts to CBD. Recently, researchers created a stabilized form of
CBDA, called HU-580, or cannabidiolic acid methyl ester, in order to study
CBDA without concerns of its conversion to CBD. Studies of HU-580
show antidepressant and antianxiety effects in mice.68 Clinical trials in
humans are lacking but certainly warranted, as CBDA appears to have
multiple benefits at potentially low doses.



Clinical Indications

What are the medicinal effects of CBDA?

• Antianxiety
• Antidepressant
• Anti-inflammatory
• Potential anticonvulsant
• Reduces/eliminates nausea and vomiting
• Relieves pain

A patent filed in 2017 stated that CBDA reduced seizure severity of
epilepsy in a rat model; however, the study was never published in a peer-
reviewed scientific journal.69 One of my pediatric patients with intractable
epilepsy added CBDA oil to her existing regimen of CBD and THCA and
experienced a further reduction of seizures; other patients have recently
reported the same. In a 2019 study of a mice model of one of the most
severe genetic pediatric epilepsies, called Dravet syndrome, CBDA
increased the threshold for heat-induced seizures, making it less likely for
the mice to have seizures due to high temperatures (a common seizure
trigger for children with Dravet).70 The CBDA doses used in this
investigation were considerably lower than the human-equivalent
recommended doses of CBD for seizures.

Another pediatric patient who struggles with two genetic conditions,
both of which cause painful and debilitating bone abnormalities, was unable
to attend school. She began a course of high-ratio CBD:THC oil (about
25:1) and titrated dosing up to hundreds of milligrams daily without any
significant benefit (but high cost). At this point I changed her regimen to
CBDA oil, and she had partial pain relief at a fairly low dose (about 8
milligrams). Increasing the dose did not confer more benefits, so I
recommended adding in a nonintoxicating dose of THC (1 milligram to
start, with instructions to increase slowly to find the best pain-relieving
dose with no intoxication). Currently this patient is taking a combination 8
milligrams CBDA plus 3 milligrams THC twice a day (two separate
products, both liquid extracts in oil) with such significant relief that she not



only returned to school but also was able to participate in a school
“marathon” in which she ran with her peers. She reports no side effects and
no issues with tolerance. Her parents are thrilled with these results,
especially since this combination is easily affordable.

Recent research shows that CBDA may be stimulating and alerting in its
effects, similar to CBD’s alerting effects in lower doses, so those new to
CBDA should be aware it may disrupt sleep if taken in the evening.71 It is
available as a tincture and can be taken either sublingually or swallowed.
Some patients make their own capsules containing the oil in the doses they
determine to be effective. CBDA should be stored in the refrigerator to
minimize its conversion to CBD.

Cannabigerol (CBG)

Cannabigerol is a phytocannabinoid that was discovered by Israeli
researchers in 1964. CBG results from the decarboxylation of CBGA
(cannabigerolic acid), the parent compound necessary for THC and CBD
synthesis. CBG occurs in very small amounts in the cannabis plant, making
it a minor cannabinoid; however, it is present in higher amounts in fiber
varieties, and some of these plants will produce CBG almost exclusively.
CBG is not intoxicating, but it is psychoactive in that it can affect mood.

Scientific Research

There has been a dramatic increase in research into CBG over the last few
years. Similar to CBD, CBG has many sites of action in the brain and body,
although much more research is needed.

• Cannabinoid receptors: Studies of CBG’s actions at cannabinoid
receptors report conflicting results. Depending on the dose and design
of the laboratory investigation, CBG was found to both bind to and
block CB1 receptors and to bind to CB2 receptors.72 Patients taking
CBG do not report intoxication, therefore it is unlikely to have
significant binding at CB1 receptors.



• 2-AG: CBG blocks the enzyme MAGL (monoacylglycerol lipase)
from breaking down the endocannabinoid called 2-AG, allowing it to
have longer-lasting effects.73

• Anandamide: CBG inhibits the cellular uptake of anandamide, which
increases anandamide’s effects, enhancing the endocannabinoid
system.74

• TRP channels: CBG activates TRPV1, TRPV2, and TRPA1, and
blocks TRPM8, decreasing pain and inflammation and conferring
anticancer effects.75

• GABA receptors: CBG blocks the uptake of GABA, the brain’s main
“calming” neurotransmitter, enhancing its effects.76

• Serotonin receptors 5-HT1A: CBG blocks these receptors, which are
involved in modulating mood, pain, cognition, memory, nausea, and
cardiovascular function.77

• PPARs: CBG binds to these receptors, providing anti-inflammatory
and neuroprotective benefits.78

• Alpha-2 adrenergic receptors: CBG binds to these receptors too,
which are involved in blood pressure, pain, anxiety, and ADHD.79

Interestingly, CBG was shown to block CBD’s antinausea effect in
mice.80 This hasn’t been tested in humans, but potentially these two
cannabinoids may counteract each other for this effect since CBD binds to
serotonin receptors and CBG blocks them. However, a recent investigation
found that the combination of CBD and CBG was more effective at
decreasing neuroinflammation in a laboratory model of neurodegenerative
disease (in particular, ALS) than either CBD or CBG taken alone.81

Another very recent study in mice showed that CBG was able to lessen the
decreased appetite and weight loss, and partially normalize the metabolic
dysregulation, caused by cisplatin, a common and highly toxic
chemotherapy drug. The authors of this study stated that CBG promoted “a
wide-ranging pro-homeostatic effect.”82

Clinical Indications



What are the medicinal effects of CBG?

• Antibacterial/anti-MRSA83

• Anticancer84

• Antidepressant85

• Anti-inflammatory86

• Antioxidant87

• Anti-psoriasis (inhibits keratinocyte proliferation)88

• Neuroprotectant89

• Promotes bone growth90

• Reduces bladder spasms91

• Reduces bowel inflammation92

• Reduces intraocular pressure93

• Reduces/eliminates nausea and vomiting94

• Stimulates appetite95

In my practice, the most common conditions responding to CBG are
depression, autism, inflammation (from different causes), and psoriasis.
One patient, a sixty-two-year-old man, was struggling with a ten-year
history of severe depression, anxiety, and a terrible rash from psoriasis, a
difficult-to-treat autoimmune condition. He also struggled with insomnia,
which was aggravating all of his symptoms. I started him on sublingual
CBG-rich oil, 20 milligrams twice a day, and a topical CBG applied twice a
day to the rash. After one month, he reported that his insomnia, anxiety, and
depression were all significantly better and his rash had improved by about
40 percent. At his three-month follow-up visit, he was still doing well with
sleep and mood, but the rash persisted. We decided to switch to a
combination CBG+CBD topical instead, resulting in further improvement.
He also agreed to clean up his diet, avoiding processed foods and sugar, and
at his one-year follow-up, his rash was almost completely resolved.

Another condition for which CBG may be helpful is autism spectrum
disorder. Many of my patients with autism are taking some combination of
CBD, THC, and THCA. When CBG became available, parents added it to
the existing cannabis regimen to try to enhance the effects. In an informal



survey, approximately 60 percent reported an improvement in their child’s
anxiety and overall mood. Approximately 30 percent reported an
improvement in social interactions, focus, and speech. Very few side effects
were reported, with the most common being increased anxiety, which
resolved with discontinuation of the product.

CBG preparations are available as liquid extracts in a carrier oil, tablets,
capsules, and topical balms. CBG-rich flowers are available for patients to
vaporize. Since many of the CBG products on the market fall under the
category of “hemp,” meaning they are under 0.3 percent THC by weight
and therefore are being sold online, it is recommended that patients obtain
the COA (Certificate of Analysis) test results to be certain a product
contains CBG and is devoid of pesticides and solvents. Clinically, most
patients do not report sedating effects with CBG use; in fact, some report
that it is alerting and stimulating, therefore I recommend daytime use when
first trying CBG to avoid unwanted insomnia. However, some patients who
have less anxiety with CBG use have reported an improvement in sleep.

Delta-9-Tetrahydrocannabivarin (THCV)

Delta-9-THCV is another minor phytocannabinoid that is present in drug-
variety cannabis plants. It was first discovered in 1970 and named in
1971.96 It is almost identical to THC in its chemical structure except it has
two fewer carbon atoms. Interestingly, in the 1990s this compound was the
focus of a number of studies not of its clinical benefits but of its usefulness
as a drug screen to see if someone who tested positive for THC was using
prescription synthetic THC (called dronabinol, brand name Marinol) or
using natural (and presumably illicit) cannabis. It is no longer used for this
purpose, as subsequent research in 2010 revealed this test to be unreliable.

Scientific Research

THCV has generated a large amount of interest due to the unique way it
interacts with the cannabinoid receptors. Like the other phytocannabinoids,
it has numerous sites of action. More research is needed to understand this
interesting compound, as it appears to have some promising therapeutic



benefits. The following findings are results from test-tube and animal
experiments:

• Cannabinoid receptors: At low doses, THCV is a “neutral antagonist”
at the CB1 receptors.97 This means it binds to the receptors and blocks
other “keys,” such as endocannabinoids and THC, from binding to
them. At higher doses, THCV partially binds to CB1 receptors. THCV
binds to and activates CB2 receptors but can also block these
receptors, depending on the dose.98

• TRP channels: THCV activates TRPV1, TRPV2, TRPV3, and
TRPV4, all involved in pain and inflammation, and blocks TRPM8,
conferring anticancer effects. Its insulin sensitivity restoring effect is
thought to be due to TRPV1 activation.99

• Serotonin receptors 5-HT1A: THCV was found to activate 5-HT1A,
causing an antipsychotic effect.100

• GPR55: THCV weakly blocks this widespread receptor, involved in
energy metabolism, pain and inflammation, anxiety, GI disorders,
seizures, bone health, and cancer.101

Clinical Indications

THCV-rich cannabis has only very recently become available for patient
use. Full understanding of its efficacy and potential side effects in humans
remains unknown. In California, THCV-rich products also contain clinically
significant amounts of THC, making it difficult to know which compound is
responsible for the effects reported by patients.

What are the potential medicinal effects of THCV?

• Anticancer
• Anticonvulsant102

• Anti-inflammatory
• Antioxidant



• Antipsychotic
• Appetite suppressant
• Neuroprotectant
• Potentially improves glucose tolerance and increases insulin

sensitivity
• Relieves pain

Pure THCV suppressed appetite and caused weight loss in mice that
were fasting as well as mice that had eaten.103 A cannabis extract with both
THCV and THC did not have the same effect, likely due to the presence of
THC; however, when CBD was added, the appetite suppressant effect
returned. Additionally, THCV restored insulin sensitivity in obese mice.104

In two human trials, a pharmaceutical company investigated the effects
of delta-9-THCV on type 2 diabetes. The first study showed that THCV
significantly decreased fasting plasma glucose and improved pancreatic
beta-cell function, as well as other parameters of glucose metabolism.105

However, the second study failed to meet similar end points.106 It is
important to note that these trials used isolated THCV, not whole-plant
THCV-rich extract.

Researchers who investigated cannabinoid effects on Parkinson’s
disease in a mouse model suggested the combination of CBD and delta-9-
THCV as a potent neuroprotectant and antioxidant for this condition.107

THCV decreased neuropathic pain in a mouse model (reported in a
patent).108

A 2016 report on ten male cannabis users reported that THCV was
subjectively indistinguishable from the placebo, meaning they did not feel
intoxicated. This report also looked at the combination of THCV+THC and
found that 90 percent reported the “effects of THC to be subjectively
weaker or less intense” in the presence of THCV. THCV also prevented
THC-induced increased heart rate (meaning THCV likely blocked this
effect) but worsened memory (meaning THCV may have potentiated the
effect of THC on memory). It was well tolerated with no significant adverse
effects.109 Certainly more studies on THCV are warranted due to its
potential therapeutic benefits.

If you recall the story of rimonabant from chapter 2, it was a synthetic



form of THCV prescribed for weight loss and withdrawn from the market
due to significant psychiatric side effects. THCV from the cannabis plant
has the same effect on appetite but does not appear to have the same risks to
mental health since it does not appear to negatively impact mood pathways
in the brain.

THCV-rich cannabis is still somewhat difficult to find but is showing up
in some medical cannabis dispensaries in the form of flowers, tincture, or
tablets/capsules, although the current products have equal amounts of THC
content.

Cannabidivarin (CBDV)

Cannabidivarin is a minor nonpsychoactive cannabinoid that was
discovered in 1969.110 Numerous animal studies have reported it to be an
effective anticonvulsant by itself and additively when combined with
CBD.111

Scientific Research

There is very little research on CBDV compared to other
phytocannabinoids; however, the recent discovery of its anticonvulsant
effects has triggered more interest in this compound. This is what we know
so far about its interaction with our physiology:

• Cannabinoid receptors: CBDV does not bind to CB1 or CB2
receptors.112

• DAGL: CBDV blocks this enzyme, diacylglycerol lipase, which is
involved in the synthesis of the endocannabinoid 2-AG.113

• TRP channels: CBDV activates TRPA1, TRPV1, and TRPV2; this is
the mechanism thought to confer antiseizure effects.114

• GPR55: CBDV weakly blocks this receptor, involved in energy
metabolism, pain and inflammation, GI disorders, seizures, and
cancer.115

• GABA receptors: CBDV interacts with these receptors, which may



explain its anticonvulsant effects.116

Recently CBDV was shown to “rescue behavioral and brain alterations”
in a mouse model of Rett syndrome, a rare neurodevelopmental disorder
with no known cure.117 Per a recent patent filing, CBDV improved
neuropathic pain in a mouse model of this difficult-to-treat condition.118

Clinical Indications

What are the medicinal effects of CBDV?

• Anticonvulsant
• Relieves neuropathic pain

As previously mentioned, multiple laboratory investigations report the
anticonvulsant effects of CBDV in animals. A case report of a young man
with severe epilepsy taking a homemade preparation of cannabis
documented a significant reduction in his seizures when serum CBDV
levels were high (although CBD and THC were also present in his serum,
albeit at lower levels).119 A recent clinical trial on single-molecule CBDV
(not a whole-plant preparation) in adults with treatment-resistant focal
epilepsy did not show significant differences when compared to the
placebo, but CBDV was found to be well tolerated.120 Currently there are
two clinical trials looking at CBDV for treatment of autism spectrum
disorder.121

Delta-8-Tetrahydrocannabinol (delta-8-THC)

This minor cannabinoid, discovered around the same time as delta-9-THC,
recently became commercially available for patient use. Delta-8-THC is an
“isomer” of delta-9-THC, meaning it has the same molecular formula (21
carbon atoms, 30 hydrogen atoms, and 2 oxygen atoms) but differs slightly
in the way the atoms are arranged in the chemical structure. Delta-8-THC
has similar properties and pharmacological effects as delta-9-THC but with



the benefit of less intoxication (about 50 to 60 percent less potent than
delta-9-THC) for those patients who do not like or want this effect.122

Additionally, delta-8-THC is more stable than delta-9-THC (i.e., it is less
likely to degrade), giving it a longer shelf life.

Scientific Research

Full understanding of the benefits of delta-8-THC is lacking, as there is
very little research into its physiologic activity in humans.

• Cannabinoid receptors: Delta-8-THC binds to these receptors,
although with lower binding power than delta-9-THC.

A 2004 study in mice showed delta-8-THC caused increased food
consumption and a tendency for improved cognitive function, without
evidence of intoxication.123 Another study investigating the effects of
phytocannabinoids on acetylcholine—a very important neurotransmitter
involved in motor function, memory, and cognition—found that delta-8-
THC (as well as delta-9-THC) increased levels of acetylcholine and
decreased its turnover.124 This may have significant benefits in treating
Alzheimer’s disease, in which a deficiency of acetylcholine is known to
play a large role.

Clinical Indications

The effects of delta-8-THC are quite similar to those of delta-9-THC;
however, since delta-8-THC has not been available until recently, it is still
unclear what dosing is most beneficial for these indications. As with other
cannabinoids, starting with low doses and increasing to the desired effects is
the best way to find the most benefits with the fewest side effects.

What are the medicinal effects of delta-8-THC?

• Antianxiety
• Anticancer125



• Neuroprotectant
• Reduces intraocular pressure126

• Reduces nausea and vomiting
• Relieves pain
• Stimulates appetite

In a 1995 study, researchers in Israel gave delta-8-THC to eight children
on cancer chemotherapy treatments known to cause severe vomiting and
found “the prevention of vomiting was complete,” regardless of the
chemotherapy given. This study reported that 480 doses were given over a
two-year period with few or no side effects.127 Doses of delta-8-THC were
somewhat higher than doses of delta-9-THC used in similar trials. The
patent filed after this investigation made the claim that delta-8-THC was
200 percent more effective at reducing nausea and vomiting than delta-9-
THC.128

Clinically, a few of my patients have used delta-8-THC for nausea and
for anxiety, taking it in the form of a 3-milligram sublingual tablet. These
patients have reported efficacy with doses between 3 and 9 milligrams with
very little intoxication. As we see more products containing this compound
come on the market, we will have a better idea of its true therapeutic
effects.

Cannabichromene (CBC)

CBC was discovered by Israeli researchers Raphael Mechoulam and Yehiel
Gaoni in 1966.129 CBC, like its phytocannabinoid cousins THC, CBD, and
CBG, comes from the parent compound CBGA. A small amount of CBGA
converts to cannabichromenic acid (CBCA), which, when exposed to heat,
converts to CBC. CBC does not bind to cannabinoid receptors, although
more research is needed to fully understand its actions.130 CBC is not
intoxicating and is usually present in small amounts in most cannabis
plants, adding to the entourage effect.

Scientific Research



Although not as well studied as THC and CBD, CBC is known to have a
few targets of action.

• TRP channels: CBC binds to TRPV1 and TRPA1, which are involved
in pain signaling.131

• Anandamide: CBC inhibits the uptake of anandamide, allowing for
longer-lasting effects.132

Clinical Indications

What are the medicinal effects of CBC?

• Anti-acne133

• Anticancer134

• Antidepressant135

• Relieves pain136

• Anti-inflammatory137

• Antibacterial138

• Antifungal139

Some interesting studies have investigated the interaction of CBC and
THC. One study reported an enhanced anti-inflammatory effect when both
compounds were used together and additionally found evidence of elevated
THC in the brain of mice when CBC was present.137 Another report found
that mice that were given both compounds had less intoxicating effects
from THC when CBC was given.139 A 2013 study found CBC had a
positive effect on adult neural stem progenitor cells, which play an
important role in brain health and healing.140 CBC appears to have many
beneficial therapeutic effects, warranting further research into its full
potential as medicine.

Summary



As you can see, the phytocannabinoid compounds found in the cannabis
plant have many different sites of action within the human brain and body.
They interact not only with cannabinoid receptors within the
endocannabinoid system but also with many different receptors and other
targets, causing changes in our biochemistry. Since our endocannabinoid
system is involved in various parts of our physiology, the importance of
understanding the actions of each phytocannabinoid becomes clear. As our
knowledge grows with further research, patients will be able to select those
phytocannabinoids that will benefit them most.



CHAPTER 5

How to Use Cannabis as Medicine

Figuring out how to use cannabis as medicine can be complicated for
anyone who is new to it or inexperienced. As you learned in the previous
chapters, several different phytocannabinoids and terpenoids make up
cannabis chemovars and products. The essential concepts in this chapter—
including how to read a COA, the different ways to take cannabis, and
drug–drug interactions—will help you to understand the multitude of
products and explain how to find a cannabis medicine regimen that is
therapeutically beneficial while limiting unwanted side effects.

What’s in Your Medicine?

All cannabis products used by medical cannabis patients should be tested in
order to ensure quality, consistency, and safety. The report generated by a
cannabis testing laboratory is called a Certificate of Analysis, or COA.
Quite simply, the COA allows you to know with good certainty which
cannabinoids and other compounds are in the product and if the product is
clean and safe for you to consume. A “first-party COA” is the test
performed by the company that grew the flower or made the product, and a
“third-party COA” is one done by an independent laboratory.

A COA should include the following information:

• Profile and potency of cannabinoids
• Profile and potency of terpenoids



• Presence of residual solvents
• Presence of bacteria and fungi
• Presence of pesticides and fungicides
• Presence of heavy metals

Different states and countries have their own requirements for testing.
For instance, California law requires testing to include all of the above plus
moisture content for flowers. Arizona has not instituted required testing,
Delaware requires testing only for pesticides, and Florida requires testing
only for contaminants and potency. These laws are continually changing as
states develop their medical cannabis programs, therefore it is best to check
with the regulatory body in your state or country to find the latest testing
requirements.

Cannabis can be tested in a number of ways, for instance gas
chromatography (GC), high-performance liquid chromatography (HPLC),
and mass spectrometry (MS). Unfortunately, different methods of testing
may produce different results, and overall standardization is still somewhat
lacking. As the cannabis industry matures, however, some states are
mandating labs to be “ISO/IEC 17025 accredited,” meaning they adhere to
standard operating procedures and good lab practices with accountability
for the data they report.

Cannabinoid Profiles

This COA lists the potency of the cannabinoids in “wt %” (weight by
percent), “mg/g” (milligrams per gram), and “mg/mL” (milligrams per
milliliter). The quantity of milligrams is most important since this is used
for dosing.



Figure 1: COA showing phytocannabinoid potency results. (Jeff Raber,
PhD, of The Werc Shop)

As you can see in figure 1, above, there are 56.95 milligrams per 1
milliliter of CBD and 4.74 milligrams per 1 milliliter of THC, showing you
that this is a CBD-dominant product. If you ingested 1 milliliter (which is
about one-fifth of a teaspoon), you would be taking 56.95 milligrams of



CBD and 4.74 milligrams of THC. Be aware that the total THC reflected in
the top of the COA is the sum of THC plus THCA and the total CBD is the
sum of the CBD plus CBDA. You can also see that this sample contains
small amounts of THCA, CBDA, CBGA, and CBC. “ND” means “none
detected.”

NOTE: If you see a test result that lists only CBD content, it is
very likely a “CBD isolate,” which means there are probably no
other phytocannabinoids in the product. I never recommend
CBD isolates, as I have found that the full array of
phytocannabinoids, a so-called whole-plant preparation, is more
effective for serious conditions. Whole-plant products provide
more robust therapeutic benefits, often at lower doses, due to
the entourage effect and the synergy of the compounds.

Be aware that the cannabinoid content may vary from batch to batch, as
it is very difficult to produce products with the exact same amount of
cannabinoids in each batch. In California, cannabis potency on the label
must be within 10 percent of the batch test result. For example, if a CBD-
rich tincture has a label that claims “50 mg/1 mL,” the batch test must show
that the actual CBD is somewhere between 45 and 55 milligrams per 1
milliliter (10 percent in either direction). If the batch COA finds “40 mg/1
mL,” this product would have to be relabeled before it could be sold to
patients. This strict requirement ultimately protects patients from potential
dosing errors.

Also be aware that some hemp products report a certain milligram
amount of “hemp parts” or “hemp extract” on their labels. This is not the
CBD content but the total cannabinoids in the product. The bottle should
have a batch number or QR code that corresponds to a COA that can tell
you which cannabinoids are present and how many milligrams of each
phytocannabinoid are contained in the product. I advise patients to avoid
products that do not have this information readily available.



Terpenoid Profiles

Remember that terpenoids are the essential oils found in the cannabis plant.
These compounds give cannabis its odor and flavor, and contribute to the
medicinal effects. Terpenoids work synergistically with each other and the
phytocannabinoids, enhancing the entourage effect.

Figure 2: Terpenoid potency results. (Jeff Raber, PhD, of The Werc Shop)

The COA lists the terpene profiles in terms of “mg/g” (milligrams per
gram). As you can see in figure 2, the terpenoid profile of this product
shows significant amounts of myrcene, linalool, limonene, alpha-humulene,
and beta-caryophyllene, with a few other terpenoids in low amounts. This
chemovar is likely to be anti-inflammatory and have benefits for mood and
pain.

Testing for Residual Solvents

Solvents are often employed in the processing of cannabis extracts and
concentrated preparations. Solvents that are not purged properly and remain
in the end product are called “residual solvents.” Butane, propane, pentane,
and hexane—all of which are petroleum derivatives, highly flammable, and
potentially carcinogenic—are used by some suppliers to make concentrates
and extracts. Although some cannabis experts claim that professional



butane extraction is safe and results in a clean product, the product may still
contain an unwanted and potentially toxic residual solvent, especially if
low-quality butane is used. I do not recommend products made with these
chemicals unless analytical testing by a reputable lab reveals no residual
solvents.

Ethanol, considered safe for most people, is also commonly employed as
a solvent for concentrates and extracts. Chemically this solvent extracts
chlorophyll along with the cannabinoids and terpenes, often leaving
products with a darker color and a “grassier” taste, although some
manufacturers will purge the chlorophyll to reduce this effect. Another
commonly employed method is supercritical carbon dioxide (CO2)
extraction. No harmful solvents are used, resulting in zero possibility of
residual solvents in the end product. CO2 extraction is considered by many
to be the cleanest and safest method, although it is an expensive process and
may result in fewer terpenes in the end product. No matter the extraction
process, all products used by medical cannabis patients should be tested for
residual solvents before use.

Residual solvent amounts are often expressed in parts per million (ppm).
Different states have set widely varied limits. For instance, California has a
solvent residue limit of 5,000 ppm for solvents such as butane and ethanol,
Colorado set limits at 1,000 ppm, and Massachusetts is much lower at 12
ppm. Of course the best product is one that tests negative for all solvents.



Figure 3: Sample residual solvent results. (Jeff Raber, PhD, of The Werc
Shop) * g/g = micrograms per gram; ppm = parts per million

As you can see in figure 3, this product, which was “homemade,” failed
testing due to very high levels of a solvent called ethyl ether. It tested



positive for two other solvents as well, although both were below the state-
determined “action threshold,” which is the highest level allowed for any
solvent. This is a real product that one of my patients was buying from an
unlicensed distributor—an all too common example of non-chemists
manufacturing cannabis products with the potential to make people sick. It
is imperative that patients use only tested cannabis products from reliable
and licensed manufacturers.

LOD, or “limit of detection,” is the lowest quantity of a substance that
can be detected by a specific instrument. It is expressed in parts per million
(ppm). LOQ, or “limit of quantitation,” is the lowest concentration of a
substance in a sample that can be determined with acceptable precision and
accuracy. It also is expressed in parts per million.

Testing for Bacteria, Fungi, and Mycotoxins

Cannabis can be contaminated with bacteria or fungi (yeast or mold) at any
point in the growing or product-manufacturing process. Cannabis
contaminated with bacteria or fungi can be dangerous, especially for anyone
with compromised immune function. Bacteria and mold can be identified
by plating, whereby prepared samples are placed on growth medium and
incubated; any growth is counted and reported as “colony forming units per
gram” (CFU/g). Another process, called “quantitative polymerase chain
reaction” (qPCR), utilizes machinery that extracts DNA from the microbes,
which is then genetically sequenced to identify the organism. States vary in
permissible levels of microbial contaminants. Mycotoxins, such as aflatoxin
and ochratoxin, are toxins produced by fungi and are known to cause
serious illnesses. The limit for mycotoxins is usually 20 parts per billion
(ppb), the same action level used by the FDA for food.

As you can see in the sample COA in figure 4, this product passed
bacteria and mycotoxin testing, meaning that no pathogens were present.



Figure 4: Sample microbial and mycotoxin
results. (Jeff Raber, PhD, of The Werc Shop) *

CFU/g = colony-forming units per gram;
LLOD = lower level of detection; ppb = parts
per billion; μg/kg = micrograms per kilogram

Testing for Pesticides

The cannabis plant is like any other plant, prone to disease and infestation
by pests. Pesticide chemicals, such as insecticides, herbicides, and
fungicides, are used by some growers despite the fact that most people do
not want these chemicals in their medicine. The COA typically will list the
amount of pesticides if the product tests positive. As you can see in figure
5, this product—a concentrated THC oil—failed testing due to being over
the limit of the pesticide malathion.

There has been no research investigating the side effects from inhaled or
ingested pesticides specifically related to cannabis; however, other studies
clearly show that pesticides have been linked to cancer; skin irritation;
endocrine dysfunction; neurologic disorders, including Alzheimer’s disease
and ADHD; reproductive problems; and birth defects.1 States where
cannabis is legal for medical and/or recreational use have allowed for
certain pesticides based on previous approval for use on food intended for
human consumption. If the product contains pesticides and is made from



concentrated extracts, the pesticides may also be concentrated. I strongly
recommend that you avoid these chemicals in your food and in your
cannabis!



Figure 5: Sample pesticide testing results. (Jeff Raber, PhD, of The Werc
Shop) * μg/g = micrograms per gram; LOD = limit of detection; LOQ =

limit of quantitation; ppb = parts per billion



What about organic cannabis? Many responsible cultivators are taking
an organic approach. However, since cannabis is still federally illegal, the
USDA does not recognize cannabis as a crop and certification agencies are
prohibited from certifying cannabis crops as organic. Some terms cannabis
providers may use to imply organically grown practices are “natural,”
“pesticide-free,” and “locally grown.” A number of private companies will
certify cannabis cultivators and manufacturers that meet organic standards,
giving them a “clean” designation, but until organic certification exists and
pesticide testing is required by all states and countries, patients should seek
out and use only cannabis that tests negative for all pesticides.

Figure 6: Sample heavy metal testing results. (Jeff Raber, PhD, of The Werc
Shop) * LOD = limit of detection; LOQ = limit of quantitation; ppm = parts

per million; ppb = parts per billion; μg/g: micrograms per gram

Testing for Heavy Metals

Cannabis plants are known to be bioaccumulators, which means they absorb
minerals, including heavy metals, and nutrients from the soil. In fact,
cannabis plants are such good bioaccumulators that they are used for
phytoremediation, a process by which soil or groundwater can be cleaned
by plants that pull their contaminants out. Famously, hemp was planted
around the Chernobyl nuclear disaster site in the 1990s, and it significantly
reduced soil toxicity. The four metals of most interest are arsenic, cadmium,
lead, and mercury. These are known to be highly toxic, especially with
prolonged exposure. There are no studies investigating heavy-metal



poisoning from cannabis products; however, the FDA recommends that all
medicinal products be tested due to the significant toxicity related to these
compounds. Interestingly, cannabis labs across the country report a very
low heavy-metal contamination rate (under 1 percent) for medical cannabis
products. As you can see in figure 6, testing detected the presence of lead
and arsenic, but the amounts were below the limits set by state regulations,
allowing the product to “pass.” It is recommended to use products that test
negative for heavy metals in order to avoid any potential health risks.

The Different Delivery Methods

Many potential cannabis patients are turned off by the idea of smoking. You
do not have to smoke cannabis to get the benefits! There are many different
ways to use cannabis as a medicine, including by topical application,
sublingual (under the tongue) tinctures, vaporization, and more. Different
delivery methods may change the overall experience and effects, as each
method alters the time to the onset of effects, the duration of the effects, and
the effects themselves. Some patients prefer to use only one method; other
patients vary the methods depending on factors such as the time of use
(daytime versus nighttime), the expected duration of the effects, and the
symptoms being experienced (such as anxiety or pain). Learning what to
expect and experimenting with the various methods is the best way to know
how you will respond.

Inhalation

With inhalation of THC-rich cannabis, the maximum blood concentration of
THC occurs within minutes. The psychoactive and possible intoxicating
effects can start from within seconds to a few minutes, reach a peak effect
in thirty minutes, and taper off within one to four hours, depending on the
dose. Inhalation of CBD is quite similar to THC, of course without the
intoxicating effects if the product is low in THC.

The advantages of inhalation include a rapid onset of effects and easier
dosing, especially for someone with nausea or pain. Since effects are felt
fairly quickly, most patients can adjust their dose to the desired effect and



avoid overdoing it, minimizing unwanted side effects. Exact dosing can be
found easily with practice and can vary with depth of inhale, how many
puffs are inhaled, and the potency of different products.

Vaporization is much preferred over smoking since it eliminates the
toxins from the burning plant matter and reduces the resulting irritation to
the lungs. Despite the belief that bongs or water pipes act as a “filter,” they
actually do not decrease the amount of tar or other particles in the smoke. In
fact, water pipe or bong smokers inhale 30 percent more smoke to get the
same effect as with a pipe or joint. The water traps THC without trapping
very much tar, so the “hit” that is inhaled has fewer medicinal compounds
and more toxins.2 I do not encourage my patients to use bongs or water
pipes.

Vaporizers are devices that heat up cannabis and emit a vapor that
contains the medicinal compounds, ideally without the products of
combustion, like tar, carbon monoxide, and particulate matter. Widely
considered to be a “cleaner” way to inhale cannabis medicine, proper
vaporization at temperatures between 315 and 420°F (160 and 220°C)
produces significantly fewer by-products compared to combustion.

The advantages of vaporization of the cannabis flowers include:

• Smokeless inhalation
• The many chemovars to choose from
• A more efficient use of the medication
• A quicker onset of effects and easier dosing than non-inhalation

methods
• Little odor
• Less toxicity for the lungs and airways
• Less risk of bronchitis and other respiratory symptoms (such as

coughing, wheezing, tightness in the chest)

Vaporizers work by heating the cannabis flowers without burning them.
They can create vapor by two different methods: with conduction, the
cannabis flowers are placed on a surface that heats up like a hot plate, and
compounds in the flowers touching or very near the hot surface vaporize;



with convection, air is heated up and passed through the plant material,
vaporizing the medicine. In both methods, the cannabis flowers should be
ground up to improve the extraction of the medicine.

Patients have many choices of flower vaporizers, from large “desktop”
versions, such as the very popular Volcano brand, to portable handheld
devices. These devices are often referred to as “herbal vaporizers.”

E-cigarette-type vaporizers became available around 2007 and have
become extremely popular. Cannabis flowers are processed into a liquid
form—usually an oil—which is placed into a cartridge or chamber and
attached to a small pen-like battery. Be aware that these batteries do not
have a temperature control and, for the most part, do not vaporize the oil
but combust it. Concerns about cannabis oil cartridges used for vaporization
include the risk of residual solvents, concentrated pesticides, and, more
recently reported, possible contamination of the oil by a seepage of metals
from parts of the cartridge.

The risks from long-term use of e-cigarette-type cannabis vaporizer
cartridges are unknown. The recent association of these products with
severe respiratory illnesses is a cause for concern. In August 2019, the CDC
opened an investigation into vape-related hospitalizations after numerous
previously healthy people developed acute and severe respiratory distress.
Although the CDC reports a decline in these illnesses since September
2019, as of January 2020, more than 2,500 people have been sickened and
almost 60 people have died. The CDC has named this condition EVALI, or
“e-cigarette or vaping product use-associated lung injury.” In the majority
of EVALI cases, the vaporizer was not obtained from a legal, licensed
medical cannabis dispensary. According to one study, people who vaporized
THC purchased from illegal sources were nine times more likely to get
EVALI.3 The FDA reported that they found vitamin E acetate in the lung
fluid obtained from the majority of EVALI patients; however, this
contaminant was found in only 50 percent of samples tested. Other
contaminants have been found, including medium-chain triglycerides and
polyethylene glycol. According to reports, vitamin E acetate was added to
illicit vaporizers in order to thicken the oil to make it last longer. One
laboratory in California found that none of the two hundred vaporizer
cartridges made by licensed manufacturers contained vitamin E acetate, but
nine of fifteen (60 percent) from the illicit market tested positive for this



chemical, as well as contained quite elevated pesticide levels.4
Since this public health crisis, I have encouraged my patients who want

to inhale to switch to herbal vaporizers, as there are no cases of EVALI
reported with the use of these with cannabis flowers. However, if a
particular vaporizer cartridge has been very beneficial for a patient and they
are reluctant to change using these products, I advise the patient to contact
the cartridge manufacturer to ask about their manufacturing process and,
very importantly, to only use products purchased through a state-licensed
dispensary.

Ingestion

When cannabis is ingested through drinks, edibles, or capsules, the onset of
effects begins after thirty to ninety minutes, but this varies widely from
person to person, taking as long as three to six hours in some. The effects
generally reach their peak in two to three hours and last for six to eight
hours, depending on the dose.

THC absorbed through the intestinal tract will pass through the liver.
This is called the “first pass effect.” Much of the THC will be broken down
into a cousin compound of THC, called 11-hydroxy-THC, which is
intoxicating on its own, but when it’s combined with THC, the potency of
the intoxicating effects increases.5 Ingestion produces different effects than
inhalation for most cannabis users, who describe the experience as “more
relaxing” or as a “body high,” and report sedating effects. Many of my
patients also find good sleep with low-dose THC edibles taken about one to
two hours before they go to bed due to these sedating effects. However,
some patients do not like the effects from ingestion. The different effects
reported by patients between the methods of inhalation and ingestion are
due to very little conversion of THC to 11-hydroxy-THC with inhalation
and significant conversion with ingestion.

The advantages of ingestion are that smoke is avoided, there is no need
for any equipment, such as a vaporizer, the duration of the effect is longer,
and there is no odor. Edible forms of cannabis can be taken discreetly too.
Due to the variation in bioavailability (how much your body absorbs) and in
the products themselves, dosing of edibles is more difficult but can be
managed if you start low and go slow.



Medical cannabis patients are advised to start with very small amounts
(see dosing guidelines later in this chapter), especially for THC-rich
edibles, wait for at least ninety minutes, and repeat the dose only if no effect
is felt. Since ingested THC is metabolized in the liver to the more potent
11-hydroxy-THC, new or inexperienced users can easily overdo it. The
effect from edibles can be quite potent, even with small amounts. In fact,
the most common reason for cannabis overdose symptoms (increased heart
rate, anxiety, excessive sleepiness, hallucinations, or paranoia) is the
ingestion of too much of an edible THC-rich cannabis product. That being
said, many patients do very well with edibles when they have been educated
in the proper way to dose them.

What happens if you take an edible that contains both CBD and THC?
CBD can partially inhibit the conversion of THC to 11-hydroxy-THC,
reducing the overall intoxicating and sedating effects (when taken in proper
dosing). The level of inhibition depends on the doses of each
phytocannabinoid as well as your metabolism.

A recent study compared two doses of THC (5 and 10 milligrams) taken
as capsules either with high-fat food or in a fasted state and found that food
delayed the onset of effects but gave a longer duration of effects.
Interestingly, the volunteers who took the 10-milligram capsule without
food had more unwanted side effects when compared to the 10-milligram
dose taken with fatty food. Additionally, this study showed a difference
between men and women in that women had higher plasma THC levels
after 5 milligrams without food.6 This supports previous findings of
differences between the sexes but may be attributable to the weight
difference between men and women.7

In most states where medical cannabis is legally available, edible
products are tested and labeled with the potency of THC, CBD, other
cannabinoids, and occasionally with the terpenoid profile. Most states that
allow edibles strictly control how many milligrams of THC are allowed per
piece in order to minimize unwanted side effects and overdoses. Always
check the wrapper for the potency information, as it is the only way to be
sure that you are dosing correctly.

Cannabis tea, although ingested, does not fully convert CBDA and
THCA to CBD and THC, respectively, meaning that ingestion will likely
include raw cannabinoids as well as some decarboxylated (heated)



cannabinoids. Juicing raw cannabinoids maintains the raw compounds.
Some patients juice a large amount of freshly harvested cannabis flowers
and leaves and freeze them in ice-cube trays to be used at a later date, added
to smoothies or thawed and ingested. Ingested raw cannabinoids are rarely
intoxicating.

Sublingual Tinctures

Cannabis tinctures or extracts have been made for hundreds of years. By
definition, tinctures are alcohol-based liquid concentrates, and extracts are
oil-based liquid concentrates. In the cannabis industry, however, the terms
“tincture” and “extract” are often used interchangeably. Most patients use
these products sublingually (under the tongue), where they are absorbed
through the mucous membranes in the mouth. The medication goes directly
into the bloodstream, bypassing the liver and avoiding the first pass effect
described earlier. The medication’s effects are usually felt within fifteen to
sixty minutes and often last six to eight hours, depending on dosing. The
standard measurement for tinctures is milligrams per milliliter, which is
reported on the COA and some product labels as “mg per mL” or “mg/mL.”
(More on this later in the section on dosing.)

Another sublingual form of cannabis is the dissolvable strip, similar to
breath strips. Patients often start with a small piece of the strip placed under
the tongue. The dose may be repeated, with a wait time of at least sixty
minutes before taking more if there is no effect.

Advantages of sublingual forms of cannabis are the avoidance of smoke,
faster absorption than orally ingested forms, a minimal first pass effect in
the liver, no odor, and discreet use. Patients can also control and customize
dosing to their needs when using tinctures. For instance, if you have a 10-
milligram THC edible but want to take only 1 milligram, it is difficult to be
precise when cutting an edible into 10 pieces to get a 1-milligram dose. If
you have a tincture with 10 milligrams THC per 1 milliliter, you can use a
1-milliliter syringe that allows for a 0.1-milliliter measurement (one-tenth
of the syringe) to take 1 milligram. Additionally, patients who require
higher doses of THC or CBD can use more concentrated tinctures to deliver
larger doses in small volumes.

Pediatric patients and patients with disabilities may not be able to



contend with certain delivery methods. I have found that tinctures work
well for these patients, as they can be taken by mouth, hidden in food, or
even given through a feeding tube. Concentrated tinctures are also advised,
as a larger milligram dose in a smaller volume is easier when patient
compliance is an issue.

Topical Application

There is abundant evidence that the endocannabinoid system is located
throughout our skin, making it an attractive target for topical cannabinoid
preparations. Cannabis can be made into ointments, salves, and lotions and
can be applied to the skin to treat local pain, such as arthritis, or rashes,
such as psoriasis or eczema. These preparations have been used in India and
Latin America for thousands of years, with reports of significant relief from
pain and excessive itching, plus they can be used to treat skin infections,
including MRSA, a bacteria with strong resistance to antibiotics.

Intoxication from topical cannabis use is extremely rare. Blood and
urine tests of patients using topical THC preparations exclusively, meaning
no internal exposure, do not show presence of THC or its metabolites,
allowing those who may be drug tested for employment purposes to use this
method without repercussions.8 Topical preparations containing one
dominant or various combinations of phytocannabinoids are available.

A number of scientific studies researching the effects of topical
preparations of cannabis demonstrated the following:

• THC, CBD, CBG, and CBN all blocked the development of psoriatic
scales in a test-tube model of psoriasis.9

• Topical applications of THC helped mice heal faster from skin
allergies.10

• A study comparing the skin’s permeability with applications of delta-
8-THC, CBD, or CBN found “the permeabilities of CBD and CBN
were 10-fold higher than for delta-8-THC.”11

• Multiple studies show that activation of the CB1 receptor, by THC for
instance, improves atopic dermatitis/eczema.12

• Five of eight patients (62.5 percent) with post-herpetic neuralgia had



a mean reduction of pain by 87.8 percent with the use of a topical
cannabinoid cream.13

• Five major phytocannabinoids showed potent activity against
MRSA.14

• CBD gels in various doses applied to rats with arthritic knee joints
found significant reduction of joint swelling, immune cell infiltration,
and less thickening of the synovial membrane.15

• Topical cannabinoid cream significantly reduced pruritus (itching) in
end-stage renal disease patients.16

• Topical THC and CBD given to three patients with pyoderma
gangrenosum, a condition that causes large painful skin ulcers,
decreased pain and allowed patients to significantly reduce their use
of opioids.17

• A published report of parent-initiated use of topical CBD for
epidermolysis bullosa, a debilitating and painful skin condition,
reported faster wound healing, less blistering, and decreased pain in
three pediatric patients.18

Many of my patients successfully use topical preparations for pain from
arthritis, especially on the smaller joints, such as hands, feet, elbows,
ankles, and knees. Some patients report relief from bursitis pain, plantar
fasciitis pain, and scar tissue pain, as well as relief from neck, shoulder, and
back pain. Some patients get relief with topicals for difficult-to-treat
neuropathy. I have also successfully treated patients with contact dermatitis,
psoriasis, and eczema. Additionally, there are anecdotal cases of patients
applying cannabis to precancerous or small cancerous lesions with
resolution of the lesions.

A few years ago I met with a woman in her eighties who was suffering
from severe lower back pain. She had been offered a surgical option by her
orthopedist but was told that at her age, full recovery would likely be at
least six months to one year. After speaking with her primary care
physician, she decided to try medical cannabis. When we met, she was
somewhat adamant about using only topical, as she was cannabis naive and
fearful of having intoxicating side effects. I explained that we could start



with topical but that there were other nonintoxicating options if it was not
effective. She began using a CBD-dominant salve, applied after a shower in
the morning and repeated in the late afternoon. At her follow-up visit, she
reported an 80 percent reduction of pain with no side effects! She was so
happy with the results and fearful of running out of this effective
preparation that she told me she purchased six containers at a time. I have a
number of other elderly patients who have reported similar results,
demonstrating the benefits of this method of use.

Topical preparations are not standardized and vary widely in ingredients,
chemovars used, and potency. Sometimes patients have to experiment with
a few different preparations to find the one that works best for their
condition. Some patients report improved efficacy when they mix the
cannabis preparation with over-the-counter topical pain relievers.

Since there have been a few cases of allergic reactions to topical
cannabis products, you should read the ingredients carefully and test a small
amount on an area of unaffected skin before using it for any medical
condition. I also recommend avoiding the use of products that contain
alcohol on open skin wounds since they may burn and aggravate the
condition.

Rectal Suppositories

Although there are anecdotal reports of efficacy with cannabis
suppositories, a review of the scientific literature shows poor absorption of
phytocannabinoids through this route. Additionally, suppositories may
cause significant harm to patients receiving chemotherapy and those who
may have a compromised immune system. Chemotherapy can cause a
breakdown in the mucous-membrane lining of the rectum, making it
susceptible to tearing with suppository use and allowing deadly bacteria to
enter the bloodstream.

Two studies trialing rectal THC-rich suppositories in monkeys reported
THC is not absorbed rectally, as there were no circulating levels of THC in
the bloodstream.19 However, when a chemical compound called
hemisuccinate was combined with THC, absorption was double that of oral
ingestion of THC, indicating hemisuccinate helps THC pass into the
bloodstream.20 This chemically modified suppository was used in



laboratory investigations only, is a patented product, and is not available to
patients yet.

There are many anecdotal reports stating suppositories helped with
cancer treatment, but most of these patients reported using other treatments
too, including chemo and natural remedies, making it difficult to attribute
benefits to the suppositories.

I rarely recommend THC-rich cannabis through the rectal route for
systemic illnesses because we are still uncertain of the amount of medicine,
if any, that gets into the system. However, there is some evidence that rectal
suppositories can have benefits for rectal conditions, such as colitis
(inflammation of the colon). In a 2012 study, mice with drug-induced colitis
had a small but statistically significant reduction of inflammation with CBD
suppositories.21

Unfortunately, there is no other research on rectal administration of
cannabinoids. Clinically, I have treated patients suffering from hemorrhoids
and anal fissures with THC-rich suppositories, resulting in a resolution of
the problem without unwanted side effects.

Transdermal Patches

Transdermal patches containing cannabinoids are of great interest to both
patients and scientists (evidenced by the numerous patents filed) because
this method of delivery has some advantages when compared to oral
delivery of cannabinoids. Compliance is easier for most patients, and first
pass effect through the liver (THC converting to 11-hydroxy-THC, which
may increase intoxicating effects) can be avoided. Additionally, patches
may allow for a steady infusion of a drug to be delivered over time,
minimizing a “peak” that might cause side effects.

One problematic issue with patches is that cannabinoids are fat-based
compounds that do not mix with water, and the aqueous layer of the skin
may interfere with absorption into the bloodstream. The addition of
permeation enhancers (compounds that promote the flow of the drug
through the skin) improves bioavailability. One study in mice reported that
CBD in a formulation called an ethosome (a carrier composed of lipids,
ethanol, and water) accumulated in the skin and underlying muscle within
twenty-four hours and lasted at least seventy-two hours.22 Animals



pretreated with this product, which were then subjected to an injection of a
pro-inflammatory drug, did not develop inflammation or swelling.

In a review of the ingredients of transdermal patches currently available
through dispensaries, I noticed that some of these products contain
numerous additives in order to promote permeation of the cannabinoids
through the skin. Be sure to read the ingredients, as some of these
compounds are not natural, may not be safe for prolonged use, and may
cause allergic reactions. One patch lists diethylene glycol monoethyl ether
(a solvent used in wood stains and industrial cleaners) and polysorbate 20 (a
sugar alcohol treated with ethylene oxide, which is linked to a carcinogen).
Another patch reports methyl salicylate on its ingredients list. This
compound may be natural, derived from the wintergreen plant, or
synthetically produced; however, the main issue is that once absorbed, the
body converts it to salicylic acid, the active ingredient in aspirin. There may
be added anti-inflammatory effects, but accidental poisoning has been
reported from overuse of topical products that contain this compound. It is
crucial to read the ingredients list of all transdermal patches to avoid
unwanted chemical or allergen exposure.

Clinically, some patients report benefits from patches, especially for
pain. A number of patients report feeling too intoxicated from patches that
delivered higher than desired doses of THC. Combination CBD+THC and
lower-dose patches are best for anyone inexperienced with this method in
order to avoid unwanted effects. Remember too that CBD “hemp” patches
available online are completely unregulated and may also contain
ingredients that are not safe, necessitating a review of their COA.

A Comparison of the Most Common Delivery Methods

Remember to “start low and go slow”

Onset
Inhalation: Within minutes
Ingestion: 60 to 90 minutes
Sublingual tinctures: 15 to 60 minutes
Topical application: Varies



Peak effect
Inhalation: 30 minutes
Ingestion: 2 to 3 hours
Sublingual tinctures: 1 to 2 hours
Topical application: Varies

Effect duration (varies based on dose and individual
metabolism)
Inhalation: 1 to 4 hours
Ingestion: 6 to 8 hours
Sublingual tinctures: 6 to 8 hours
Topical application: Apply as needed to areas of pain or rash

Additional considerations
Inhalation: Vaporization is healthier than smoking. Dosing is easier
since the effects are felt immediately.
Ingestion: No equipment is needed, there is no odor, and it’s a
discreet way to medicate. Dosing is more difficult than with other
methods. Start with a small amount and titrate up as needed.
Sublingual tinctures: No equipment is needed, there is no odor,
and it’s a discreet way to medicate. Available as tinctures, extracts,
and dissolvable strips.
Topical application: Test for a possible allergic response by
applying a small amount to a nonaffected area first. CBD absorbs
better than THC. Repeat doses as needed.

Ratio and Concentration

A product’s “ratio” is how much CBD that particular cannabis plant or
preparation contains in relation to THC. For instance, a label may list
“CBD:THC 5:1.” This means it contains 5 parts CBD to 1 part THC. Said
another way, it has five times more CBD than THC. If the product is
labeled 20:1, it contains 20 parts CBD to 1 part THC, meaning it has twenty
times more CBD than THC.

Sometimes a product has “CBD” somewhere on the label, but it does not



list a ratio. If the label states the milligram amounts of both CBD and THC,
you can calculate the ratio by dividing the milligrams of CBD by the
milligrams of THC. If there is no ratio or “CBD” is not listed anywhere on
the label, it is very likely a product high in THC with negligible amounts of
CBD.

Knowing the ratio allows patients to determine whether the product
will cause intoxication. In general, for inexperienced users, ratios over
10:1 CBD:THC—for example, 10:1, 15:1, 20:1, 25:1, or higher—will not
cause intoxication. Ratios under 10:1 may cause some level of intoxication
depending on the dose and the patient’s tolerance to THC. The lower the
ratio, the more THC relative to CBD and the higher the chance to
experience intoxication. Remember, no matter what ratio is used, the
presence of CBD in the product helps to buffer THC’s intoxicating effects.

For the most part, there is no one ratio that works better than others for
any particular condition since each individual’s response to cannabis is
unique. An example of this is children with autism. In my experience, after
treating many children with this condition, approximately 50 percent
respond to higher CBD:THC ratios, of about 20:1 up to 30:1, and
approximately 30 percent respond to lower ratios, such as 1:1, 4:1, or 8:1.
These patients have the same diagnosis but can respond differently to
different ratios. We don’t really know why this is, but it’s likely because the
response to cannabis is based on many factors, including genetics, the
underlying disease process, absorption, and metabolism, all of which vary
from person to person, despite some people having the same condition. The
effects are also influenced by the other cannabinoids and terpenes in the
product.

“Concentration” refers to how many milligrams of CBD and THC there
are per milliliter (in tinctures or extracts). This information allows you to
accurately dose cannabis oil products and to calculate the ratio if it is not on
the bottle’s label.

For example, a bottle of cannabis oil with 20 mg CBD per 1 mL + 10
mg THC per 1 mL will have a ratio of 2:1 (calculated by dividing 20
milligrams CBD by 10 milligrams THC). This oil has two times more CBD
than THC. If you wanted to take 20 milligrams of CBD, you would take 1
milliliter. If you wanted to take 10 milligrams, you would take 0.5 milliliter.
I recommend using 1 milliliter needleless syringes (available online), as



these can help with dosing accuracy. They also have markings as low as 0.1
mL (one-tenth of 1 milliliter), allowing patients even more control over
their dosing.

Figure 7: Examples of differently concentrated cannabis oils. (FECO:
fullextract cannabis oil; RSO: “Rick Simpson oil”)

Edibles that contain CBD have ratios, but they do not have
concentrations. Instead they are labeled with “total mg per package” and
“total mg per piece” since most states in the US now have laws that limit
each edible piece to no more than 10 milligrams each, with a total of 100
milligrams allowable in one package.



Figure 8: Example of cannabis edible product label.



Be aware that the ratio does not tell you the milligrams in a product.
A 2:1 CBD:THC product may have 20 milligrams CBD + 10 milligrams
THC, but it could also have any amount of CBD that is two times more than
THC. For example, a product with 100 milligrams CBD + 50 milligrams
THC and a product with 16 milligrams CBD + 8 milligrams THC both have
2:1 ratios of CBD:THC.

In summary, the ratio tells you whether or not the product might be
intoxicating, and the concentration allows you to correctly dose tinctures or
extracts.

Cannabis Oil Concentrations Vary

Cannabis oils can be divided into three types of concentrations, as shown in
figure 7. Diluted-or low-concentration oils are usually from about 5 to 40
milligrams per milliliter. More concentrated oils have about 50 to 100
milligrams per milliliter, and highly concentrated oils—which are also
called FECO, full-extract cannabis oil, or RSO, “Rick Simpson oil”—have
200 to 900 milligrams per milliliter.

I recommend using the diluted-or low-concentration oils for THC if you
are new or inexperienced with cannabis. This will allow you to accurately
control how much THC you take and minimize side effects. This is also the
concentration used most for children and elderly patients, especially when
beginning a new cannabis regimen.





Figure 9: Example of cannabis tincture product label.

More concentrated oils between 50 and 100 milligrams are helpful for
those who may want to take higher doses of CBD. For example, if you
wanted to take 100 milligrams per day of CBD, you could take either five
1-milliliter syringes with 10 milligrams each of CBD or two 1-milliliter
syringes with 50 milligrams each. Most people prefer to take less volume if
possible.

FECO or RSO products are mostly used by patients who want to take
very high doses of phytocannabinoids (often used to fight cancer). These
oils are very thick and gooey, making them difficult to measure in exact
dosages.

Cannabis Dosing: Start Low and Go Slow

There is a wide therapeutic range for cannabinoid dosing. Patients respond
to certain chemovars or preparations in unique ways. Whole-plant cannabis
medicine cannot be standardized because of the many variables involved,
such as a patient’s metabolism, the delivery method, the dose, the
cannabinoid ratio, the makeup of the chemovar, and the product’s
formulation. Dosing of cannabis is not “one size fits all.” It is highly
individualized and has been called “patient-determined, self-titrating”
by many experts.

A few years ago, a mother and adult daughter, both with long-standing
debilitating migraine headaches, came to see me. The daughter had
experimented with cannabis prior to her office visit, and she reported that if
she vaporized THC-rich cannabis at the onset of the symptoms, the
migraine did not progress and within thirty minutes all symptoms
disappeared. She shared this information with her mother and encouraged
her to try using the vaporizer in the same manner. Her mother found the
migraine headache pain increased with vaporized THC, but sublingual
application of a combination CBD+THC tincture significantly reduced her
migraine symptoms. This example illustrates that even people with the
same condition who are genetically related can respond differently to



different delivery methods and different combinations of cannabinoids.
Patients have complained to me in recent years that there are too many

cannabis products to pick from (what a difference from twenty years ago!)
and they are overwhelmed when trying to choose their medicine. I teach
them a simple approach that is methodical and allows them to find what
works and what doesn’t. I call it the “Rule it in or rule it out” method.
Although it is simple in concept, it can be time-consuming. Be patient—you
are asking a plant to change your chemistry! It is an effort for some, but
many patients have stated that the end result—feeling better with no side
effects—is worth the sometimes tedious process.

• Decide what delivery method you want to try first. Be aware that you
may need to try a different delivery method depending on how you
respond, but it is okay to start with a method that is most comfortable
for you. Only try something new when you are at home and going to
stay home for at least a number of hours in case of sedation or
intoxication.

• Think about what effects you are looking for: do you hope for better
sleep or pain relief or anxiety reduction? Knowing this will help you
decide on whether to start with a THC-dominant product, a high-ratio
CBD:THC product (CBD dominant), a low-ratio CBD:THC product
(a combination of effects), or another cannabinoid, such as THCA,
CBDA, or CBG. Of course which product you begin with may be
influenced by what is available to you geographically and legally.

• Using the chart on the next page, categorize products by their COA or
by their label information.

• Take a small dose (see the chart’s dosing guidelines) and wait to feel
its effects. Be patient, and only take another dose if the effects are not
felt after two hours (unless you tried an inhalation method, in which
case you can repeat the dose after thirty minutes if you feel no
effects). It is better to take multiple small doses throughout the day
rather than one large dose.

• Give yourself a few days at a certain dose before adjusting doses or



switching products. Changes in your medical condition can take time.
Remember that these compounds have many targets in the brain and
body and need time to shift the unbalanced messages.

• Keep a journal of everything you try, with names of products, doses,
and timing, so you can assess which products worked (or didn’t
work), which doses worked, and how long the effects lasted.

• If the product you try doesn’t help, think about taking a higher dose.
Almost every person who tries cannabis before coming to my office is
underdosing, especially when it comes to CBD. If the product doesn’t
help after proper dosing, you have ruled it out.

• If the product helps, you can make small adjustments in the dosing,
going higher or lower, looking for the “sweet spot” that gives you the
desired effects without any unwanted side effects. If you can find this,
you have ruled it in.

• If you find an effective dose of a product—one that helps without side
effects—but you feel there is still room for improvement, add a
second product with a different cannabinoid to see if the combination
provides any benefits. Some patients find one product is effective and
stick with that, and others find two or more work well in combination.

The following chart reviews the different categories of products and
their potential effects:

Phytocannabinoid composition and example ratios
THC-rich products: THC with little or no CBD content Dosing based
on THC
High-ratio CBD:THC products: CBD:THC of 25:1, 18:1, 15:1, 12:1,
10:1 Dosing based on CBD
Low-ratio CBD:THC products: CBD:THC of 8:1, 4:1, 2:1, 1:1
Dosing based on THC

Intoxication level
THC-rich products: THC-dominant effects Intoxicating, but very low
doses may not be



High-ratio CBD:THC products: CBD-dominant effects Not
intoxicating for most, but can be with very large doses; low doses of
CBD can be stimulating and higher doses can be sedating
Low-ratio CBD:THC products: Combination CBD and THC effects
Can be intoxicating depending on THC tolerance

Conditions
THC-rich products: Anxiety, appetite stimulation, autism, cancer,
inflammation, mood, muscle spasms, nausea and vomiting,
neuroprotection, pain relief, sleep
High-ratio CBD:THC products: Anxiety, autism, cancer,
depression, inflammation, intestinal disorders, mood,
neuroprotection, pain relief, psychosis, seizures
Low-ratio CBD:THC products: Anxiety, autism, cancer, depression,
inflammation, muscle spasms, nausea and vomiting, pain relief
(especially nerve pain), sleep, spasticity

Phytocannabinoid composition
CBG-rich products: CBG-dominant effects
THCA-rich products: THCA-dominant effects
CBDA-rich products: CBDA-dominant effects

Intoxication level
CBG-rich products: Not intoxicating
THCA-rich products: Not intoxicating for most, but high doses may
contain enough THC to cause intoxication
CBDA-rich products: Not intoxicating

Conditions
CBG-rich products: Anxiety, appetite stimulation, autism, bladder
spasms, cancer, depression, inflammation, mood, nausea and
vomiting, psoriasis
THCA-rich products: Autism, cancer, inflammation, intestinal
disorders, nausea and vomiting, pain relief, seizures
CBDA-rich products: Anxiety, cancer, inflammation, intestinal
disorders, nausea and vomiting, pain relief



Phytocannabinoid composition
CBDV-rich products: CBDV-dominant effects
THCV-rich products: THCV-dominant effects
Delta-8-THC-rich products: Delta-8-THC-dominant effects

Intoxication level
CBDV-rich products: Not intoxicating
THCV-rich products: Not intoxicating for most, but high doses may
be
Delta-8-THC-rich products: Slight intoxication possible, depending
on the presence of delta-9-THC

Conditions
CBDV-rich products: Autism, neuropathic pain, seizures
THCV-rich products: Appetite suppression, cancer, inflammation,
neuroprotection, pain relief, potential improvement of glucose
tolerance and insulin sensitivity, seizures
Delta-8-THC-rich products: Anxiety, appetite stimulation, cancer,
glaucoma, nausea and vomiting, neuroprotection, pain relief

As you can see, there is a lot of overlap in the medicinal effects of these
products. As previously mentioned, they are promiscuous compounds,
working in many of the same places in the brain and body. Patients who
have tried THC at some point in their lives are often less fearful of the
effects of THC and therefore may choose products with more THC,
whereas someone new to cannabis use may be nervous about THC’s effects
and may be more likely to start with higher-ratio CBD:THC products or one
of the other nonintoxicating cannabinoids. If you have access to a physician
who has experience with cannabis, discuss options that may be best for your
condition. Don’t forget: start low and go slow.

Dosing Guidelines for Adults

The following doses are guidelines only and may vary based on the medical
condition being treated. Also, these doses are calculated for adults. Pediatric



patients should not be using cannabis products without medical supervision,
just as medical supervision is recommended prior to starting any
cannabis treatment.

Remember, some products have combination cannabinoids that may
influence dosing and response. Be sure to check the label and the COA of
any product before using it.

• THC-rich and low-ratio CBD:THC products (1:1, 2:1, etc.):
— 1 to 2.5 milligrams per dose for new or inexperienced patients.
— If no effects are felt after one to two hours, repeat the same dose.
— If you feel that you took too much, do not panic. Take a few deep

breaths and remember that the effects will wear off soon. There
is no danger to you. Distract yourself by watching TV, trying to
nap, listening to music, or talking to a supportive family member
or friend.

• High-ratio CBD-rich products:
— CBD has a very wide range of dosing, much wider than THC.
— A low dose is approximately 10 to 50 milligrams per day; higher

doses are more than 50 milligrams per day.
— In general, anti-inflammatory doses are about 50 or more

milligrams per day.
— It is very important to know that CBD may not decrease pain

until inflammation has lessened, which may take days to weeks
of daily use to achieve. (What I really mean here is, CBD is not
magic and needs time to work!)

• CBG-rich products:
— CBG has a wide range of dosing; however, many patients have

found low doses to be effective.
— A low-dose range is 2 to 20 milligrams; a high-dose range is 20

to 60 milligrams.
— Some cancer patients may take up to 100 milligrams per day.

• THCA-rich products:
— Clinically, patients using THCA products report benefits with

low doses.
— Dosing ranges from 2 to 10 milligrams to start, increasing to



desired effects.
— Some patients have dosed as high as 200 milligrams per day with

no reported side effects.
• CBDA-rich products:

— Reports of CBDA being a hundred times more potent than CBD
indicate that low doses may be effective.

— Clinically, my patients start with low doses, about 2 to 10
milligrams, and titrate up to desired effects.

— Some cancer patients report taking 50 to 200 milligrams per day.
— Most CBDA products contain very little THC, therefore higher

doses are rarely intoxicating.
• CBDV-rich products:

— Studies report doses similar to CBD, starting at 10 milligrams
and titrating up to desired effects.

— Clinical trials for children with autism are using 10 milligrams
per kilogram daily.

• THCV-rich products:
— Most products currently available contain almost equal parts

THCV and THC, therefore intoxication may occur at low doses.
— Dosing starts at 1 milligram THCV, increasing to desired effects.

• Delta-8-THC-rich products:
— Similar to delta-9-THC, this compound has a narrow range of

dosing.
— Dosing starts at 1 to 5 milligrams, titrating up to reach desired

effects without side effects.
— Clinically, patients using doses between 3 and 9 milligrams have

reported decreased anxiety without feelings of intoxication.

Timing of Dosing

Some patients take one dose per day, others take two to three doses, and
some take four or more doses. Once you start to feel the effects, pay
attention to how long they last. Use this information to schedule your daily
doses.

For example, one of my patients with chronic pain found a 4:1 tincture



helped significantly, but the effects lasted only about six hours, after which
her pain would flare intensely. The onset of effects of the next dose took
one hour, leaving her in pain while she waited for relief. After she changed
her dosing schedule to every five hours (during the day), she found more
consistent pain relief. Interestingly, after about four months on this regimen,
she found that her overall pain had decreased (likely she had less overall
inflammation), and she was able to change the dosing schedule to every six
hours.

With or Without Meals

As mentioned previously, eating a snack or meal containing fat at the same
time as taking cannabis orally or sublingually (since some is swallowed)
can help with absorption and minimize unwanted side effects, but it may
delay the onset of effects. This is because cannabis is fat soluble. Try taking
your dose with meals and then without meals, so you can make an informed
decision based on your body’s response.

A Few Important Things to Remember About Dosing

• Your dose of CBD can influence which product you should purchase,
especially with high CBD:THC ratios. For instance, let’s say you
purchase a 1-ounce bottle that states the concentration is “200 mg
CBD per 1 oz.” If it turns out that you require a CBD dose of 100
milligrams per day, you will get only two days’ worth from this
bottle! This is not very cost-effective, and taking half a bottle of oil is
not very palatable. If you figure out your monthly dose—for instance,
100 milligrams per day for 30 days equals 3,000 milligrams for a
month—you can look for products with higher concentrations per
bottle. There are some “medical cannabis masquerading as hemp”
products on the market (discussed in chapter 1) that contain 3,000,
5,000, or 6,000 milligrams of CBD for those patients who require
higher doses. Of course you must check the COA to make sure that
these products are what they claim to be.

• When using tinctures, always shake the bottle well just before



drawing up the dose.
• Remember to keep raw tinctures (THCA, CBDA) in the refrigerator.
• As previously mentioned, using a 1-milliliter needleless syringe

makes dosing easy and accurate. Some patients “prep” syringes—that
is, they prepare a week’s worth of doses—to save time during the
week. These syringes are available for purchase online.

Biphasic Effects

The term “biphasic” literally means “two phases.” Studies show that
phytocannabinoids have biphasic effects—that is, at low doses a
phytocannabinoid may produce one effect but at high doses cause a
completely opposite effect. A well-known example of this is THC’s
antianxiety effect at low doses and its increased-anxiety effect at high
doses. A study in mice found that this biphasic effect is due to the way THC
interacts with CB1 receptors in different areas of the brain that control
anxiety.23 CBD too has biphasic effects, with low doses causing an alerting
effect and higher doses causing a sedating or calming effect.

Each person has their own threshold of dosing where they switch from a
low-dose effect to a high-dose effect. This is why patients should start low
and go slow, but make sure to try higher doses too, ruling in or ruling out
beneficial effects.

First-Time Use of THC-Rich Cannabis

Sometimes patients who have never used cannabis before may not feel any
effect their first time. These patients may get frustrated and take more,
which can result in an undesirable “overdose” effect (fast heart rate,
excessive sleepiness, anxiety, and/or paranoia). If you try cannabis medicine
and don’t feel anything, you can take another small dose, but if you still
don’t feel anything, stop and try again the next day. No one knows exactly
why some people don’t feel the effects the first time, but the theory is, the
first dose “readies” the liver enzymes to metabolize the cannabinoid.24



Sometimes with first-time use a patient may deny feeling any effects but
the people around that patient notice the patient is acting differently. The
adult son of one of my patients suffering from terrible side effects from
breast cancer treatment reported at a follow-up visit that the first time his
mother used cannabis (she took 2.5 milligrams THC sublingually) she got
out of bed, where she had been spending most of her time, and began to
make dinner. She was chatty and happy for the first time in months, and he
said the whole family felt relieved that Mom was “back to normal.” The
fascinating part of this story is that when I asked the patient how cannabis
made her feel, she said she didn’t really feel anything; she just felt
“normal.” It was only after a few uses over the course of a week that she
was able to notice the effects of the cannabis, telling me she liked the
effects because she felt happier, had more energy, and was back to a more
regular routine.

THC Overdose

Although we know there are no fatal overdoses with THC, you can take too
much and have an unpleasant experience. Overdose is more common by the
oral ingestion route since dosing by this delivery method can be inexact and
the breakdown product of THC, 11-hydroxy-THC, is intoxicating and long-
lasting. There is no danger of respiratory arrest or death. Overdose of
THC can cause rapid heart rate, altered time perception, paranoia, anxiety,
impaired motor coordination, delusional thinking, excessive sleepiness,
and/or a sense of impending death or perceived harm. If you take too much
THC-rich cannabis and feel badly from it, reassure yourself that you are
safe and that nothing bad is going to happen. Try to lie down and sleep or
distract yourself with television. Taking CBD-rich cannabis may lessen the
THC-induced overdose symptoms, but it can take some time to work.
Patients may seek care in the ER and can be treated with benzodiazepines
for the anxiety; once the cannabis wears off, there might be residual effects
of lethargy and/or headache, but these will usually resolve quickly.
Overdose may result in a patient’s reluctance to use THC again, but THC
overdoses can easily be avoided by taking only a small amount of measured
THC-rich cannabis at a time and including CBD, which can buffer the



intoxication of THC.

Medicinal Use vs. Recreational Use

I often explain to my patients that there are two ways to approach cannabis
use. One is the recreational approach, and one is the medicinal approach.
The goal of recreational use is to “get high.” The goal of a medicinal dose is
to treat a medical condition. For some patients there is overlap, and the
sensation of feeling “high” is truly a sense of relief from physical and/or
psychological pain. This is extremely valuable for many patients who are
suffering, giving them much-needed respite and improvement in their
quality of life. You do not, however, need to feel high to benefit from
cannabis.

Using a CBD-rich medicine (higher CBD:THC ratio) or one or more of
the other nonintoxicating cannabinoids will help to minimize and prevent
intoxication, but if relief is not achieved, adding THC may be helpful and
should not be feared. A medicinal dose of THC, simple to measure with
tested products, can usually be found, and unwanted side effects can easily
be avoided. Many of my patients using THC have found an effective dose
for their medical condition that does not cause intoxication. It may take trial
and error, starting with a low dose and increasing little by little to find the
“sweet spot,” but this goal can be achieved with some patience.

Drug–Drug Interactions

Many medications are metabolized in the liver and intestines through the
cytochrome P450 system. This is an enzyme system that breaks down an
estimated 60 percent of all pharmaceuticals. THC, CBD, and other
phytocannabinoids are metabolized in this system as well, potentially
changing the way other drugs are metabolized. There are two types of
issues with a drug metabolized by the same enzymes as phytocannabinoids.
The phytocannabinoids may block the metabolism of the other drug,
causing it to build up and create unwanted side effects or toxicity.
Alternatively, phytocannabinoids may increase the metabolism of the other



drug, causing it to leave the body quicker than it should, possibly
decreasing its effects. Conversely, the pharmaceutical may change the
metabolism of the phytocannabinoids; however, studies investigating these
effects are sparse. These are potential interactions and difficult to predict.

Another drug–drug interaction to consider is the combining of two drugs
with similar effects, causing an additive effect. This is called
“pharmacodynamic interactions.” For instance, both THC and diazepam
(Valium) can cause relaxation, sedation, and dizziness, and, taken together
at the same time, may cause excessive sedation or unsteadiness, leading to a
fall. There is no absolute contraindication in this example, but caution
should be exercised any time THC is taken with other drugs, especially
sedatives or hypnotics (sleep aids). Another well-known example is the
combination of THC with alcohol, causing excessive intoxication, which
can lead to accidental injury. This combination is highly discouraged. There
can be benefits with some combinations; vaporized cannabis, for example,
increases the analgesic effects of opioids without increasing the blood-
opioid levels, meaning there is no increased risk of respiratory depression.25

Low doses of cannabinoids seldom cause issues with drug metabolism
(although read more about this in the following list). Higher doses of CBD
can cause interactions because CBD is metabolized by a few enzymes of
the cytochrome P450 system, specifically one called CYP3A4, which is
responsible for the metabolism of almost 30 percent of other medications.
CBD is also metabolized by the enzymes CYP2C9 and CYP2C19. This gets
very complicated because there are many factors to consider when trying to
predict potential interactions. The best way to avoid issues with drug–
drug interactions is to speak with your healthcare provider or
pharmacist prior to starting cannabis medicine.

In the meantime, here are a few tips to prevent drug–drug interactions,
plus information about some of the more common interactions:

• Drug–drug interactions between pharmaceuticals and cannabinoids
are more common if both drugs are taken via the oral route.

• Timing of dosing can matter. A study showed more interaction when
CBD was orally ingested twenty minutes before the pharmaceutical
was ingested.26 Because of this one study, it is recommended to take



CBD at least one hour after other pharmaceuticals. THC did not cause
the same unwanted interaction. Unfortunately, without further
research, we do not have enough information to know ideal timing for
dosing.

• There are known drug–drug interactions with anticonvulsant seizure
medications. This does not mean that cannabis and these
pharmaceuticals cannot be taken together, but medical supervision
and drug-level testing is advised. One known concern is the
interaction of CBD with clobazam (brand name Onfi). Clobazam is
converted by the enzyme CYP3A4 to a second active drug called N-
desmethylclobazam. CBD increases the production of this second
drug, which may be beneficial since it is an anticonvulsant and a
higher dose may be more effective; however, it may cause excessive
sedation at higher doses. In 2018, Epidiolex, a pharmaceutical-grade
product containing plant-derived CBD, was approved by the FDA for
two rare, severe forms of pediatric epilepsy. In the Epidiolex clinical
trial, 40 percent of patients on both clobazam and Epidiolex had to
decrease the clobazam dose due to this side effect.27

• Another drug–drug interaction documented in studies of Epidiolex
was with the anticonvulsant valproic acid (brand name Depakote),
resulting in elevated liver enzymes. When the dose of either or both
Epidiolex and valproic acid was reduced, the liver enzymes
normalized.28 Anyone taking CBD and valproic acid should be under
medical supervision, and laboratory testing of the liver should be
routine.

• Other known drug–drug interactions between CBD and seizure
medications include eslicarbazepine acetate (brand name Aptiom or
Zebinix), rufinamide (brand name Banzel), zonisamide (brand name
Zonegran), and topiramate (brand name Topamax, Trokendi XR, or
Qudexy XR). All changes of drug levels were “within the accepted
therapeutic range.”29 Because of the risk of increased seizures with
these drug interactions, patients with seizure disorders must have
medical supervision when introducing CBD to their medication



regimen.
• There is one case report of Epidiolex interacting with the blood

thinner medication warfarin. The warfarin dose had to be lowered by
30 percent because the addition of high doses of Epidiolex in the
treatment of this patient’s seizure disorder interfered with the
metabolism of warfarin, allowing it to build up and have increased
effects, leading to excessive thinning of the blood.30

• THC also can affect warfarin. There are two case reports of THC use
by patients on blood thinners causing increased actions of the blood
thinner, with potential for excessive bleeding.31 All patients on
warfarin must be aware of these potential effects and weigh the
benefits versus risks of using cannabinoids. Medical supervision is
highly recommended in these cases.

• The newer blood thinners (dabigatran etexilate, rivaroxaban,
apixaban, and edoxaban) are not metabolized by the same enzyme as
THC; however, there is potential interaction with CBD.

For more information, visit ProjectCBD.org, an organization that offers
the excellently written and well-researched Cannabinoid-Drug Interactions
Primer.32

Patient Precautions

Treat your cannabis medicine the same way you treat any other
medications. This medicine may affect other people differently, so do not
share your medicine with family members, friends, or children.

Edibles may look appealing to children and animals, so make sure to
avoid any accidental ingestion by keeping your medicine in a safe and
secure location.

Do not try a new product unless you will be home or in another
comfortable setting where you will have at least a few hours to see the full
effects.

Do not drive or operate heavy machinery under the influence of THC. If



you are using a nonintoxicating form of cannabis, always try it at home first
to make sure your abilities will not be limited. Wait a number of hours to
see how long the medicine lasts in your system so you are aware of the
duration of the medication’s effect.

It is recommended that you do not use alcohol at the same time that you
take your cannabis medicines. The combination of cannabis with alcohol
may lead to dizziness, increased risk of injury, poor judgment, and
excessive impairment.

Elise’s Story

I met Elise in 2014 when she was twenty-six and severely debilitated by her
chronic condition. I shared her story in my previous book and include it
here, with an update.

Elise was diagnosed with juvenile rheumatoid arthritis (JRA) when
she was sixteen. She would step off curbs while walking and notice
that her heel would begin to swell. During the summer, she went
bowling and noticed that not only her bowling elbow was swollen,
but the other side as well. These were the little clues that led to the
diagnosis, but it took about a year for the symptoms to become
unbearable enough that she couldn’t ignore them. She began getting
sicker and sicker, with swelling in her knees and feet that prevented
her from walking. The combination of pain and swelling caused
enough nausea that she could no longer eat and began to lose
weight. She was referred to a rheumatologist at a children’s hospital
but had to wait a couple of months for an appointment. When he
finally saw her, the doctor admitted her immediately to the hospital,
where she stayed for one week.

Elise said, “That was the beginning of being sick and the end of
being well.”

In the hospital, Elise was given a myriad of medications, including
steroids. The medical team told her that she would be started on
biologics (strong medications that affect the immune system) and



would learn over time to give the shots to herself. She and her family
read over the side effects and were frightened by them, but Elise was
very sick, and they felt they had no choice. At one point a doctor told
the family that the steroids shot into Elise’s joints could cause
calcification and fuse them. Elise had memories of her grandfather,
with whom she had had a special relationship as a little girl. She
remembered his hands, curled and deformed. She remembered his
wheelchair. She thought of him when she was diagnosed. He too had
had rheumatoid arthritis.

Despite the gravity of Elise’s immediate condition and the
diagnosis, the doctors were optimistic that she would go into
remission. Unfortunately, Elise’s response to the pharmaceuticals
wasn’t positive. She developed terrible side effects, and her pain
increased. She was always sick and eventually couldn’t walk or take
care of herself. She began college but had to drop out and began
using a wheelchair. She grew increasingly depressed as the pain and
inflammation increased. She told me that she was in too much pain to
do anything or go anywhere. Even a trusted osteopath who had
treated her for years warned her that she was worried about Elise’s
life.

Elise’s mother had been researching cannabis and wanted Elise to
try it, but Elise wasn’t interested. She believed the stereotype that
people using it were just stoners. When her parents began suggesting
she try a new pharmaceutical instead, she consented to come see me.
Her exam showed severe deformities of her hand joints as well as
swollen knees with very poor range of motion. She had only a tiny bit
of hope that day when she came in, but she later told me she had
immediately felt a connection to me and appreciated how honest I
was about whether or not cannabis would help her.

She tried different chemovars and had mixed results at first, but in
March of 2015, over ten years after her diagnosis, she began a new
CBD-rich oil and noticed a drastic difference within weeks. Before
starting the oil, Elise had felt so weak that she was afraid she
wouldn’t make it to her beloved sister’s wedding. Her sister had been
a support to her through all the years of Elise’s illness, a best friend,
and the only person whom Elise allowed to see how deeply the



disease was affecting her. She told me that the two of them would cry
together, her sister begging her to hold on and be at her wedding.

Elise knew that something good was happening when she reported
that one morning she felt well enough to try to move from her
wheelchair to the toilet by herself. When she succeeded, she was so
shocked that she called her mother into the bathroom to witness what
she reported was freedom for the first time in ten years! She had
described herself as a sort of Tin Man from the The Wizard of Oz,
with fused arms and no range of motion, but within weeks of starting
the oil, she found the swelling and inflammation in her joints was
going down. She could uncurl and open her fingers and elbows.

The effects of cannabis medicine on this young woman were
profound. Where before the most basic of activities, like bathing or
preparing meals, were so painful they were only to be dreaded, Elise
reported that she could get into and out of the tub by herself, that she
could wash herself and her hair with ease. Her independence grew
tremendously, and she began cooking for herself as well.

“I’m trying to get some normalcy in my life,” she reported. “For
so long I couldn’t do anything. I’m living again. I feel like this is the
medicine that I prayed for yet didn’t know existed. Finding cannabis
was an answer to those prayers. I am so thankful to all those who
shared their stories and encouraged me to try it. Everything shared
was something that gave me hope that I could have a better life.”

Elise also made it to her sister’s wedding in June of 2015.
Update: Elise continues to do well on cannabis. When I asked her

if I could include her story in this book, she agreed. Her email to me
speaks for itself:

In May of this year I’ll be thirty-two years old. Back when I
was experiencing unbearable pain without any relief at twenty-
six, reaching my thirties didn’t seem very probable. I came to
accept the likely fact of my life ending while I was still young
after years of fighting with my own malfunctioning body and
unruly immune system. I was devastated and furious at the
same time but too weak to go on fighting much longer.
Cannabis was a last resort for me, and I reluctantly tried it.



This idea was solely thanks to my amazing incredible mom
who tirelessly researched about it in a desperate attempt to
find something, anything, that could help ease my pain and
reduce the dangerous levels of inflammation throughout my
whole body from JRA.

I can stand up and walk by myself a little when I’m not in a
flare-up. Before this medicine, that wasn’t remotely possible. I
am physically stronger and surprisingly, remarkably more
flexible than I would expect after having chronic inflammation
since I was fifteen. My range of motion has drastically
increased and this gives me greater physical independence in
doing daily tasks like cleaning, cooking, dressing, showering,
brushing my teeth, etc. When I was very sick I hated my body,
I hated the agony it caused me, but as it’s begun to heal, I find
that I appreciate it.

Cannabis has reinvigorated my zest for creating. I’ve written
since I was a child, but the years without pain relief made
writing and drawing occur only on a sporadic basis. Now I write
often, sometimes several times a day. It’s wonderful also to
have clarity of mind after such brain fog and fatigue for years. I
attribute that to the whole-plant cannabis oil that my medicine
is made from. As some coffee drinkers say they are “powered
by caffeine,” I would say that I am “powered by cannabis.” My
medicinal regimen includes: cannabis oil taken by mouth,
edibles (I bake with my specific oil blend), topicals on my
whole body, concentrates, vaping flower bud, and smoking.

This plant has given me my life back (and I might add, the
will to live again as well). I am still figuring out how to do things
again, how to adjust to being almost completely independent
and make my own decisions about what to do with the rest of
my life. Cannabis should be 100 percent available and legally
accessible to everyone because if you have a body and a
mind, chances are you might need medical care at some point



in life and wouldn’t it be beneficial to have it as a first option? I
think so.



CHAPTER 6

Medical Risks of Cannabis Use

The patients who come to my office are seeking an effective solution to
their difficult medical conditions. I rarely see major issues with cannabis
use under my medical supervision. Every patient at every visit is asked if
they experience side effects during its use, and the majority of patients
report that they have none. Any side effects can often be resolved with
changes in delivery method, products, chemovars, timing, or dosing.
However, studies have shown medical risks of cannabis use in certain
situations. These include possible increased risks to people with
cardiovascular disease, pulmonary risks from smoking, risks from driving
while under the influence of THC-rich cannabis, risks during pregnancy and
breastfeeding, and risks to the pediatric population, specifically to
developing brains. It is important to note that the studies included in
this book focused primarily on subjects using THC-rich cannabis
without medical supervision, and the findings listed in this chapter do
not apply to CBD-rich products or the other nonintoxicating
phytocannabinoids being used by medical patients.

Cardiovascular Risks Associated with THC Use

Heart tissue contains cannabinoid receptors, indicating the presence of the
endocannabinoid system. Peripheral nerves also contain cannabinoid
receptors, which are thought to regulate cardiovascular function. The
current understanding is that low doses of THC, activating both CB1 and



CB2 receptors, may have beneficial effects on heart health. However, a few
studies have documented potential harms, specifically related to
recreational THC use in certain individuals.

What we know about THC and its effects on heart rate and blood
pressure is that

• THC causes an increase in heart rate, within minutes of use, by about
20 to 50 beats per minute, and the heart rate will return to normal
after a few hours;

• THC can cause an elevation of blood pressure when one is lying flat,
but there is a risk of blood pressure dropping if one stands too
quickly;

• Research reports blood pressure decreases due to vasodilation of the
blood vessels and overall relaxation with THC use;1 and

• The cardiovascular effects of THC are more pronounced in a new or
inexperienced user, whereas regular users of THC develop a tolerance
to these effects.

Scientific Research

• Three studies showed a rare association with possible development of
an abnormal cardiac rhythm with THC use.2

• A study from 1974 found smoking THC-rich cannabis was related to
a more rapid onset of chest pain in patients with a history of chest
pain when they underwent a stress test shortly after smoking a
marijuana cigarette.3 It’s noted this effect may be due to the carbon
monoxide in the smoke as opposed to a THC effect.

• One study showed an increased relative risk of developing a heart
attack in the first hour after smoking cannabis (4.8 times increased
risk over baseline).4 Researchers suggested THC use might increase
the risk of heart attack in susceptible individuals with coronary heart
disease, although a 2013 report documenting eighteen years of
follow-up in these patients reported no statistically significant



association between cannabis use and mortality.5

• There are a few case reports of young persons who have had a heart
attack, arrhythmia, and even cardiac arrest after using THC-rich
cannabis. Note there are only a few case reports in the scientific
literature, and other factors, such as tobacco use, alcohol use, and
previously unknown cardiac disease, may have played a role.6

• One study showed THC-rich cannabis use was associated with
threefold greater mortality following acute myocardial infarction,
with a graded increase in risk with more frequent use; however,
another report concluded the opposite.7

• A 2015 report of the risk of cardiovascular disease (this definition
included coronary artery disease, heart attack, heart failure, cardiac
chest pain, and stroke) in 3,051 people revealed cannabis use was not
significantly associated with an increased risk of cardiovascular
disease.8

• A review of twenty-nine studies reported THC use, especially in high
doses, increased the risk of stroke more than other cardiovascular
diseases.9

• Studies in animal models reported CBD to be cardioprotective,
beneficial for strokes, protective against drug-induced and diabetic
heart problems (cardiomyopathy), and also protective for autoimmune
myocarditis.10

The best approach in these situations is for those patients with known
cardiovascular disease who are investigating the use of medical cannabis to
discuss the latest scientific data, the risks, and the benefits with their
personal physician, their cardiologist, and/or a knowledgeable cannabis
specialist. If the decision to use medical cannabis is made, these patients
should avoid smoking, choosing a different method of delivery, and use
products that contain other cannabinoids in significant amounts rather than
exclusively THC-rich cannabis in order to reap the benefits and minimize
harm.



Pulmonary Risks of Smoking Cannabis

People have been smoking cannabis for centuries. In the 1970s, researchers
and physicians developed methods to analyze lung function and determine
the effects of tobacco smoking. Since cannabis was being used by many
young people during this time, studies on its pulmonary effects were also
performed. Interestingly, the findings between the effects of the two
substances were quite different.

This is what we know about cannabis smoke:

• Similar to tobacco smoke, cannabis smoke contains ammonia,
hydrocyanic acid, nitrosamines, and tar components, including
phenols and naphthalene. Carcinogenic compounds, including
benzopyrene and benzanthracene, are also in cannabis smoke.

• Very importantly, cannabis smoke does not contain nicotine and does
contain phytocannabinoid compounds.

• Tobacco smoke causes bronchoconstriction (a narrowing of the
airways), but THC-rich smoke and vapor causes bronchodilation (an
opening of the airways).11 THC and the terpene alpha-pinene are both
known bronchodilators.12

Scientific Research

• Smokers of tobacco only, of cannabis only, and of both have
increased incidence of respiratory symptoms, including chronic
cough, phlegm production, wheezing, and bronchitis, when compared
to nonsmokers.13

• Multiple studies document that chronic cannabis smoking (without
tobacco use) is associated with an increased prevalence of
bronchitis.14

• Symptoms of chronic bronchitis from smoking cannabis alone resolve
with cessation of smoking.15

• Studies on lung function in chronic cannabis smokers are conflicted,



with some studies showing no difference from nonsmokers and others
showing mild airflow obstruction.16

• Two large studies failed to show an association between cannabis
smoking and lung cancer.17

• A large study comparing 611 lung cancer cases, 601 upper-airway
cancer cases, and 1,040 matched control subjects found no
associations between cannabis use and risk of cancer; however, the
study reports that the risk of cancer was clearly associated with
tobacco use.18

• A study investigating the combined effects of tobacco and cannabis
smoking revealed that smoking both tobacco and marijuana
synergistically increased the risk of respiratory symptoms and COPD
(chronic obstructive pulmonary disease, also called emphysema), but
smoking only marijuana was not associated with an increased risk of
respiratory symptoms or COPD.19

In summary, it appears that chronic smokers, whether tobacco or
cannabis users, have an increased risk of developing respiratory symptoms
such as chronic cough, bronchitis, wheezing, and increased phlegm. Studies
do not show an increased risk of cancer with cannabis smoke despite the
presence of carcinogenic compounds. It has been hypothesized that the
presence of phytocannabinoid compounds in cannabis smoke may be
protective against the development of cancer, but definitive research
remains to be done.

To quote Dr. Donald Tashkin, a pulmonologist at UCLA and the world’s
leading researcher of the effects of cannabis smoke on the lungs, “The risks
of pulmonary complications of regular use of marijuana appear to be
relatively small and far lower than those of tobacco smoking. However,
such potential pulmonary risks need to be weighed against possible benefits
in consideration regarding medicinal use of marijuana.”20

There are many different methods available to patients who want to use
cannabis medicine. In an informal survey of my patients, approximately 80
percent who switched from smoking to vaporization found excellent results
and no longer smoked. For those who wish to continue to smoke, higher-



potency cannabis flowers achieve the same effects with less smoke
exposure.

Risks of Driving Under the Influence with THC Use

Driving under the influence of any drug is of concern, especially for young
people. A number of studies have explored the impact of cannabis—
specifically THC, as it can be intoxicating—on motor skills and driving
performance.

Scientific Research

• Driving simulator studies showed that cannabis can adversely affect
certain driving skills—in particular, tracking ability, attentiveness,
judgment of speed and distance, peripheral vision, and coordination at
complex tasks.21

• A comprehensive survey of ten years of US accident data found that
alcohol-free drivers with THC in their system had a slightly elevated
risk of unsafe driving behavior but lower than that of drivers with
legal amounts of alcohol in their blood.22

• Studies have found that THC is significantly more hazardous in the
first one to two hours of acute intoxication.23

• Alcohol and THC used together increases the risk of fatal accidents.24

• A recent study using a driving simulator reported, “Cannabis was
associated with slower driving, an increased tendency to drive below
the speed limit, and increased following distance, whereas alcohol
was associated with increased speed and time spent above the limit,
but with no effect on following distance.” The researchers analyzed
blood levels of THC in these subjects, but there was significant
individual variability, making it difficult to draw conclusions.25

Driving while under the influence of any intoxicating drug is a bad
idea. Combining cannabis with alcohol is dangerous and increases the risk



of accidents. Although cannabis patients may overcompensate while driving
under the influence and actually be less at risk, it is illegal to drive while
intoxicated. This is not advised in any circumstance.

Pregnancy and Breastfeeding with THC Use

The use of cannabis during pregnancy and breastfeeding is controversial.
Research on cannabis use by expectant mothers is difficult for many
reasons, including fear of legal repercussions and a multitude of other
confounding factors (e.g., use of other substances, underlying health
conditions, maternal nutrition, and level of prenatal care). A number of
studies are summarized here; however, many gaps remain in our
understanding of medicinal cannabis use during pregnancy and
breastfeeding.

Scientific Research

• It is reported that THC crosses the placenta and enters the circulation
of the fetus, reaching concentrations of 10 to 30 percent of the
maternal concentration.26

• A recent review of studies investigating maternal cannabis use and
child development reported the following:27

— Maternal cannabis use does not appear to cause congenital birth
defects.28

— Low birth weight and smaller neonatal head circumference were
associated with prenatal exposure to cannabis proven by positive
maternal drug testing.29

— Ultrasound images from thousands of pregnant women found an
association between cannabis use and small but detectable lower
birth weights and smaller fetal head circumferences but no
association with adverse neonatal outcomes.30

—Increased neonatal ICU admissions were reported in babies with
prenatal exposure to cannabis (by the mother’s self-report or
positive urine drug test), although tobacco was not accounted for



in this report.31

— Longitudinal observation of children with prenatal cannabis
exposure revealed normal physical growth at their first school
entrance (age five to six) and adolescence.32

— Infants born to moderate to heavy THC-rich cannabis users had
increased tremors and startle responses as well as sleep
disturbances documented on EEG.33

— In May 2020, a comprehensive review of studies looking at
prenatal cannabis exposure was published, reporting that in
previously published studies, “the conclusions drawn sometimes
extend too far beyond the actual data.” The authors of this
review took data from forty-five studies and compared them with
a normative database, finding, “Of the 1,004 cognitive outcomes
assessed, children with prenatal cannabis exposure performed
more poorly on 34 (3.4%) and better on 9 (0.9%) when
compared to controls.”34

It is difficult to know if other variables not included in the research—
such as unreported tobacco and/or alcohol use, poor diet, or exposure to
chemicals (e.g., pesticides in food)—contributed to the contradictory
findings in early studies. However, this latest review comparing exposed
children to nonexposed controls is reassuring in that maternal cannabis
exposure is unlikely to cause significant cognitive impairment in babies and
children.

It is unknown if CBD use during pregnancy is safe. Since we don’t have
long-term studies on children born to CBD users, most experts recommend
avoiding phytocannabinoids during pregnancy.

In special circumstances, such as severe morning sickness or other
serious symptoms that cannot be safely treated with other medications, low,
intermittent doses of cannabinoids may be recommended. By far, the largest
risk I have seen as a cannabis physician is having a newborn taken away by
Child Protective Services if either the mother or the newborn has a positive
THC drug test during pregnancy or at the time of birth. Cannabis use still
remains controversial in general, and use by pregnant women is especially
frowned upon by society and the medical community. I have been involved
in a number of cases in which the mother or infant tested positive for THC



and the baby was removed from the parents’ custody.

The Risks of THC Use in the Pediatric Population

Human brain development and the role of the endocannabinoid system
throughout childhood and adolescence has been the focus of a number of
scientific studies. The adolescent brain is different from the mature adult
brain in its structure and in the way its neurotransmitters function. There is
an increased sensitivity to changes and exposures in its environment,
resulting in a vulnerability of the adolescent brain that is not present once
the brain fully develops. Researchers have found that endocannabinoids are
crucial in influencing how neurotransmitters in the developing brain
promote proper circuitry and new brain growth. The endocannabinoid
system goes through necessary changes during the adolescent years, with
heightened cannabinoid receptor density and possible sensitivity.
Interference with these changes, for example with the use of THC
overactivating the cannabinoid receptor, may interfere with the
development of the brain.35 Normal endocannabinoid system functioning
during these critical years is required for emotional and cognitive functions
to mature correctly.36 One researcher summed up the importance of the
endocannabinoid system in the developing brain this way:
“Endocannabinoid signaling is an important determinant of maturation of
the adult brain…[I]t seems quite likely that disruption of normative
endocannabinoid signaling during adolescence may have long-standing
consequences on adult brain function.”37

Scientific Research

• Numerous animal studies have documented that THC or synthetic
cannabinoids given to adolescent animals induce changes in
emotional behavior, reward response, endocannabinoid levels, and
impulsivity.38

• Studies in human adolescents (aged twelve to eighteen years) who are
heavy users of THC-rich cannabis have shown that the interference



with normal endocannabinoid system function may result in some
long-lasting negative brain changes, especially in the areas of
emotional and mental illness (particularly anxiety disorders),
impulsivity control, memory issues, attention, decision-making, and
lower overall and verbal IQ. First-time cannabis use after the age of
eighteen years was not associated with lower IQ or neurocognitive
performance.39

• Interestingly, recent studies of twins reported that “youth who used
cannabis at age 18 had lower IQ in childhood, prior to cannabis
initiation, and had lower IQ at age 18, but there was little evidence
that cannabis use was associated with IQ decline from age 12–18,”
and “although cannabis use was associated with lower IQ and poorer
executive functions at age 18, these associations were generally not
apparent within pairs of twins from the same family, suggesting that
family background factors explain why adolescents who use cannabis
perform worse on IQ and executive function tests.” The researchers
concluded that the long-accepted premise that cannabis lowers IQ and
impairs executive function was now in question, even when the
amount of THC use reaches levels of dependence.40

• Although schizophrenia does not develop in the majority of teenagers
who use cannabis, those with genetic susceptibility—such as
schizophrenia or mental illness in a first-degree family member—
combined with chronic heavy cannabis use at a young age, may have
an increased risk of developing schizophrenia as a young adult. It is
important to note that although there is a correlation, causation is
difficult to prove since there are many variables involved in the
development of psychiatric conditions.41

As you can see from the conflicting reports, questions remain as to
whether THC-rich cannabis use during adolescence is harmful. The finding
that “family background factors” would explain lower scores on IQ and
executive function tests is relatively new and should be investigated further.

As a pediatrician, a medical cannabis specialist, and the mother of a



teenager, I am opposed to healthy or otherwise “typically” developing
children and adolescents using cannabis. I am also opposed to both
cannabis and pharmaceutical use in children and adolescents with mild
illnesses, such as occasional anxiety or sleep disturbance, when other
treatment modalities, such as talk therapy, exercise, proper diet (especially
diet!), sleep, hygiene, etc., can and should be used in these instances.
However, children and adolescents who suffer from moderate to severe
chronic medical conditions that either significantly disrupt their quality of
life or are life-threatening or life-limiting should absolutely have the option
of using cannabis under medical supervision.

Kiana’s Story

I shared Kiana’s story in my previous book and include it here, with an
update.

When Nazy and her daughter, Kiana, walked into my office, I
couldn’t believe I was seeing the same child I had met two years
earlier. When they initially came to my office, Kiana had already
been on cannabis oil for a few months to treat her seizures, but her
parents were frustrated by inconsistent results. They had seen some
improvement with CBD, but they were exhausted with the constant
chaos her medical conditions and the side effects of her medications
were causing.

Nazy and her husband live in the San Fernando Valley with their
only child, eleven-year-old Kiana. When Kiana was born, the doctors
suspected she had hypochondroplasia (a type of dwarfism), but it
wasn’t a definitive diagnosis, and it soon became evident that the
baby had additional significant issues. At three days old, she was
diagnosed with congenital hypothyroidism and immediately put on
thyroid medication. Nazy remembers spending weeks in the hospital
filled with anguish over what was unfolding as her baby underwent
genetic testing, which was inconclusive. Eventually, Kiana went
home and at four months old received her first vaccinations. That



evening, Nazy noticed what looked to be a seizure, but her doctor
assured her that it was unlikely and unrelated to the vaccinations.
Nazy believes the doctors were used to her panicking and therefore
dismissed her fears about seizures, and it wasn’t until Kiana was nine
months old that the doctor agreed the baby was experiencing
seizures.

The family’s life changed, Nazy told me, when Kiana went into a
long, uncontrollable seizure (called status epilepticus) one morning
while Nazy was driving. After Nazy called 911, Kiana was
transported to the hospital and admitted to the intensive care unit.
Over the next three years she was hospitalized multiple times, each
time in status epilepticus. The only way the doctors could stop her
seizures was to induce a coma, despite multiple treatments with
multiple medications. By age nine, Kiana had tried fourteen different
drugs in varied combinations, all of which gave her terrible side
effects, particularly behavioral. Nazy suspected her daughter’s
extreme hyperactivity, disruptive behavior, head banging, screaming,
and refusal to eat were due to the anticonvulsants she was taking, but
her doctors dismissed her ideas and told her Kiana was a “very
complex kid.” Genome sequencing did not reveal any specific
diagnosis, so the family was told Kiana had a refractory seizure
disorder and hypochondroplasia. Brain surgery was recommended in
lieu of other treatments.

Nazy was concerned about the possible risks of brain surgery and
wanted to think about it before agreeing, so during the pretesting and
despite the neurologists’ conviction that there were no other options,
she started researching alternative medicines and came across some
articles about cannabis. Just when the hospital called to make a date
for the surgery, Nazy insisted that she and her husband did not want
the surgery and would try something different first. The doctors were
upset with her, but she persisted. Around the same time the CNN
documentary Weed aired with the story of Charlotte, a little girl in
Colorado whose life-threatening and uncontrollable seizure disorder
was finally controlled with CBD oil. “I decided this was it,” Nazy
said.

Ready to move to Colorado to try cannabis, Nazy discovered that



she could obtain CBD oil in California. She started Kiana on the oil
in August of 2013. Within one week, her daughter’s behavior
changed. She became calmer. Within two months, her seizures
lessened in both severity and duration. During the first six months,
Kiana was weaned off one of her seizure medications, and her
parents saw even more improvement in both behavior and seizures.
While she continued to take medication for her hypothyroidism, her
thyroid levels stabilized where they were once quite varied.

Kiana’s quality of life and that of her family improved so
dramatically that it still feels almost unbelievable to Nazy and her
husband. Despite years of speech therapy, Kiana was largely
nonverbal, but within two months of taking cannabis medicine, she
began talking. Nazy could leave the house with Kiana and take her
on outings to the grocery store, to coffee shops and restaurants,
without seizures, meltdowns, or disruption. The head banging and
screaming stopped. She began eating again and even started feeding
herself. Over the next eighteen months, her comprehension and
alertness improved dramatically, and equally as important, she had
long periods of seizure freedom. Her teachers and therapists were
amazed by her progress and accomplishments. Nazy never imagined
that Kiana would be able to read or write, and in that follow-up visit
to my office, Kiana proudly wrote her full name and read a book to
me.

“The quality of our life is astounding,” Nazy told me that day in
my office. “Kiana was like a zombie before, and I’d given up hope.”
While Kiana was weaning off the second anticonvulsant, she
continued to show amazing progress at school and at home. She
finally was living a good life. Her family can’t imagine a day without
cannabis medicine.

Update: It’s been five years since I first met Kiana and her
parents. She continues to use cannabis for her medical conditions.
Although not seizure-free, her seizures are significantly less frequent,
shorter in duration, and less severe, and her recovery is quick. Now
in high school, she is thriving, enjoying friendships, and learning
new things. Incredibly, she is bilingual, speaking English and Farsi
fluently. She is also a typical teenager, rolling her eyes at her mom



when she is told what to do, telling her mother, “It’s my life, Mom.”
Her quality of life has far exceeded anyone’s expectations.



PART II

Medical Symptoms and Conditions



The designation of cannabis as a Schedule I controlled substance has
impeded research, but the discovery of the endocannabinoid system more
than three decades ago has triggered an explosion of scientific investigation
into cannabis as medicine. While scientists have learned a tremendous
amount from this research, it is my patients’ experiences that have truly
informed me about medical cannabis.

In this part of the book, I review the scientific literature for each
condition as it relates to cannabis. Some illnesses have been studied in
depth, while others have not been studied at all. The challenging variables
involved in the study of cannabis and the endocannabinoid system are
almost too many to count. Most cannabis research was and still is
performed on animals and often with very high doses, making it difficult to
correlate findings with humans. Synthetic THC is commonly employed in
these investigations (due to the Schedule I categorization of cannabinoids),
but most cannabis patients use natural whole-plant cannabis containing
hundreds of compounds, again making it difficult to interpret the results for
clinical use. Different dosing methods—for example, intravenous and
intraperitoneal injections used in animals—do not apply to human use.
Research on the effects of CBD often uses isolated CBD, which is difficult
to compare to CBD-rich whole-plant chemovars containing other
cannabinoids and terpenoids. With this single-molecule treatment, the
entourage effect is lost and a study’s results will not reflect the use of “real-
world cannabis.” If patients recruited into a study have varying
endocannabinoid system dysfunction, or lack of dysfunction, the outcome
of the study may also be skewed.

The continued prohibition of cannabis research combined with the
challenges of studying whole-plant cannabis, with its multitude of
compounds, leaves much to be desired when randomized placebo-
controlled trials are considered the gold standard. The lack of these trials
has made many medical professionals skeptical. I once heard a physician
say that a patient’s report of less pain or better sleep is not evidence. I
disagree. I think it is important to recognize that millions of patients around



the world are finding benefits with medical cannabis.
Another important note is that cannabis trials, like all studies of

medications, follow a protocol that uses predetermined dosing regimens. If
a patient has a side effect, they have two choices: either continue with the
trial or discontinue and drop out. If my patients have side effects, we work
together to make changes to mitigate these unwanted effects. It is important
to understand that a patient does not have to experience side effects when
using cannabis. The vast majority of studies report that cannabis is well
tolerated. Most side effects that are reported are mild to moderate, but be
assured that medical cannabis patients predominantly do not experience
side effects since their regimen is customized to their needs.

All of these factors must be taken into account when you are deciding
whether to use cannabis. I find that patient experience often does not reflect
the conclusions reached in studies, probably due to the variables I’ve just
mentioned. Although I see people with many different conditions in my
office, I find a thread of commonality among of them. Chronic illnesses that
prompt a patient to seek out medical cannabis treatment have very similar
basic symptoms: chronic pain, disruption of sleep, anxiety, depression, and
an inability to participate in life—all of which can be treated effectively
with cannabis. Although most conditions are not cured with cannabis,
managing and sometimes eliminating these symptoms with a nontoxic
natural medicine allows patients to experience an improved quality of life
that is not controlled by illness. Being able to participate in life, at home
and at work, as well as the elimination of suffering is what my patients
report to me every single day. Cannabis is medicine.

Anxiety and Depression

Anxiety is the most common mental illness in the United States, affecting
forty million adults over the age of eighteen. Major depressive disorder
affects more than sixteen million adults.1 These conditions often overlap,
with almost half of those diagnosed with one disorder meeting the
diagnostic criteria for the other. Anxiety disorders include generalized
anxiety disorder (GAD), panic disorder, social anxiety disorder, separation
anxiety, and phobias. Approximately 40 to 60 percent of those taking



conventional medications for anxiety disorders and/or depression do not get
full relief of their symptoms.2

With the recent increase in interest in cannabis and cannabinoid
medicines, the scientific community is starting to recognize the importance
of the endocannabinoid system’s role in mental health. The authors of a
2016 review of the interaction between stress and the endocannabinoid
system stated that there is a “compelling argument that endocannabinoid
signaling is an important regulatory system in the brain that largely
functions to buffer against many of the effects of stress.”3

The areas of the brain that control anxiety, mood, and emotion—the
amygdala, hippocampus, and prefrontal cortex—are dense with CB1
receptors.4 Studies show that disruption of the normal functioning of the
endocannabinoid system can lead to anxiety and depression. Mice that are
bred to be devoid of cannabinoid receptors have higher levels of anxiety
than mice with cannabinoid receptors.5 When scientists blocked the enzyme
that breaks down anandamide (called fatty acid amide hydrolase, or FAAH)
in mice, thereby increasing anandamide’s actions, potent antianxiety and
antidepressant effects were seen.6 Similarly, mice that were bred without
FAAH had less anxiety.7

Although research on the efficacy of cannabis treatment for anxiety and
depression in humans is limited, evidence of endocannabinoid system
dysfunction in these patients supports the idea that if this dysfunction can
be targeted and corrected, symptoms will improve.

• Women with major depression were found to have significantly
decreased levels of the endocannabinoid 2-AG when compared to
women without major depression, suggesting an endocannabinoid
deficiency in these patients.8

• The same researchers found that levels of the endocannabinoid
anandamide were low in women who had reported anxiety, again
suggesting an endocannabinoid deficiency disorder.9

• A significant increase in CB1 receptors was found in the brains of
individuals with a diagnosis of major depression who had committed
suicide, compared to brain tissue of individuals who had died of other



causes, suggesting an endocannabinoid system abnormality in those
who suffer with severe depression.10 Similar findings were
discovered in alcoholic suicides as well.11

• People with major depression who had low levels of anandamide in
their blood were found to have higher scores on measures of
anxiety.12

Interestingly, The New Yorker magazine recently featured a story about a
woman who has never experienced anxiety and cannot feel pain.13 It turns
out that she has a genetic mutation leading to less FAAH, making her
anandamide “bliss” molecule hang around longer in her system. Scientists
are studying her to see if her genetics will reveal an answer to the ongoing
questions of human suffering from pain and anxiety.

In a 2017 review of the effects of medical cannabis on mental health,
thirty-one studies with over twenty-three thousand participants were
analyzed.14 Included were eight studies of medical use that reported relief
from anxiety as a primary or secondary benefit. Two reviews of nonmedical
use (i.e., THC in higher doses) found a small association between THC and
increased anxiety. In terms of depression, seven of nine studies of medical
use reported mood improvement across different conditions, such as chronic
pain, multiple sclerosis, and HIV. Four studies of nonmedical use reported
increased risk of developing depression, especially with chronic, heavy
THC use. However, two studies reported the opposite for nonmedical use,
the first showing that cannabis users had a decreased likelihood of a major
depressive event and the second reporting that cannabis users had a less
negative outlook than nonusers.15

All of this information clearly shows that the endocannabinoid system is
involved in the regulation of anxiety and depression, and dysregulation of
this system may be an underlying cause. This makes the endocannabinoid
system an attractive target for therapeutic treatment with phytocannabinoids
for those suffering from anxiety and depressive disorders. Other receptors
involved in mood regulation, such as serotonin and GABA receptors, can be
targeted as well since they too interact with phytocannabinoids. Moreover it
is clear that thoughtful and responsible medical cannabis use can result in
benefits, while nonmedical use carries a risk of increasing symptoms.



Cannabis has been used to treat anxiety and depression for thousands of
years. Multiple surveys of patients seeking care in medical cannabis clinics
report anxiety and/or depression as their primary condition, as well as the
ability to substitute cannabis for benzodiazepines and antidepressants.16

A recent case series reported on the use of CBD for anxiety and sleep
and found almost 80 percent of participants reported a reduction in anxiety
in the first month alone, with sustained reduction throughout the duration of
the study.17

What do we know about how phytocannabinoids work to improve
anxiety and depression?

• CBD, CBG, CBC, and CBN all act to inhibit the uptake of
anandamide, allowing anandamide to last longer, resulting in
antianxiety and antidepressant effects.

• THC essentially augments the action of anandamide, working directly
at the CB1 receptor, but dosing matters. Studies and patient reports
show that low doses of THC relieve anxiety, but higher doses can
trigger anxiety.18

• CBD can have antianxiety effects in both low and high doses,
depending on the user’s response.19

• Although the raw cannabinoids THCA and CBDA purportedly do not
cross the blood–brain barrier, some patients report antianxiety
benefits. Remember that these products have not been heated and
retain many other cannabinoids as well as terpenoids from the raw
plant, which may be responsible for these effects. As discussed
previously, in certain cases the blood–brain barrier may be
compromised, allowing these compounds to pass into the brain.

Where to begin with cannabis treatment depends on a number of
variables, but most patients who have used THC in the past with no
negative experiences will often start with it to treat anxiety or depression.
Low, intermittent doses of the appropriate chemovar can be very effective.
The downside may be the development of tolerance if higher, more frequent
use is needed. For some, the dose that gives the relief may also cause



intoxication and/or sedation, making it difficult for the patient to work or
drive. Many patients find that THC use only at night is effective in helping
their anxiety or depression, assists with a good night’s sleep, and does not
affect driving or working since the intoxicating effects have disappeared by
morning.

If you suffer from anxiety and/or panic, it is important that you do not
overmedicate with THC-rich cannabis. If you take large doses frequently,
not only will your cannabinoid receptors downregulate (decrease) and
produce a loss of efficacy but also your endocannabinoids will lose their
target of action, resulting in worsening anxiety.

If you do not want to take THC, CBD-rich products can be used. Most
patients start with high-ratio CBD:THC products, such as 18:1, 20:1, 25:1,
etc., and explore both lower doses (under 50 milligrams) and higher doses
(up to 300 milligrams, or more, per dose). If you do not explore higher
doses, you may miss finding your effective dose. If higher doses are not
effective or too expensive, the next step is to try lower-ratio CBD:THC
products, such as below 10:1. These can be quite effective, usually in doses
that do not cause any intoxicating effects. If you find efficacy, you can
continue on the same dose and product to see if the benefits persist over
time. Making adjustments in the dose may become necessary, as you may
find you don’t need as much. If you find benefits but feel there is room for
improvement, try adding another phytocannabinoid, such as CBG or CBDA
(depending on your access to these products), to see if a combination of
cannabinoids gives you better results. Terpenes that are calming and
antidepressive in their effects include linalool and limonene.

This methodical approach, which takes time and patience, will help you
figure out what works and what doesn’t. Keeping notes on dosing, products,
and your response will help you to “rule it in or rule it out.” If you don’t
want to do this on your own, you should consult with a medical
professional knowledgeable about cannabinoid medicines.

Many of my patients ask if they should discontinue their other
antianxiety or antidepressant medications before trying cannabis. There is
no right or wrong way to do this; however, my approach is to first try
adding cannabis to the patient’s current regimen, and if benefits are felt, we
discuss weaning off the other medications. I strongly advise against “cold-
turkey” discontinuation of any psychiatric medications, as there is no reason



to experience difficulty when, once on cannabis and feeling better, you may
be able to wean off them with minimal adverse effects.

Cindy’s Story

I wrote about Cindy in my previous book and include her story here, with
an update.

A beautiful blond woman in her mid thirties, Cindy has three children
under the age of five years old. She came to see me because she had
been experiencing anxiety and difficulty sleeping since the birth of
her second child. The symptoms were getting worse and were
starting to affect her relationship with her husband and children. She
told me she was irritable and felt out of control, constantly nagging
at her husband and children. Her primary care physician had
recommended using a daily antidepressant and an “as needed”
antianxiety pill, but after reading about the side effects of these
medications, she was reluctant to take them.

Prior to meeting with me, Cindy had shared her struggles with a
close friend who happened to be a medical cannabis patient herself.
Her friend explained how cannabis was helping with her anxiety, and
she gave Cindy a CBD-rich edible to try. Cindy had experimented
with cannabis a few times as a teenager and didn’t care for the way it
made her feel. Nervous about trying it again, she researched CBD on
the internet, and after learning of the lack of intoxication with CBD-
rich cannabis, she decided to try it on a weekend when her husband
was home to help with the kids just in case she didn’t react well.

Cindy said the result was one of the best days she’d had in years.
Relaxed and in control of her emotions, she was calm when dealing
with the children and felt markedly happy. She chose not to tell her
husband she had taken CBD, but he came up to her later in the day
and told her that she seemed more like the easygoing girl he had
married. The positive results were so encouraging that Cindy’s
husband urged her to get medical cannabis approval from a



physician.
When we first met, I educated Cindy on the endocannabinoid

system, phytocannabinoids, and the various delivery methods for
cannabis medicine. She found that a CBD-rich sublingual tincture
used as needed for anxiety greatly improved her quality of life. Sleep
also improved. She told me at a recent follow-up visit, “This
treatment is so easy, just a few squirts of oil under the tongue and
I’m more patient and loving to my children. I am in control of my
emotions instead of being controlled by them. I’m happy again.”

Update: Since cannabis has been legalized for adult use in
California, Cindy is no longer a patient, as she is able to access her
cannabis medication without a physician’s approval. During her last
visit with me, she shared that since her children were all in school,
life had gotten slightly less chaotic. She still used CBD as needed for
anxiety, and she was still getting benefits. She had injured her knee
playing tennis and was using topical CBD as well. She joked that she
was now a “cannabis advocate,” telling her friends and family
members to try CBD if they mentioned any ailments to her. She
reported that she sees cannabis as just another part of her healthy
life.

Cindy likely has an endocannabinoid dysfunction that causes a
dysregulation of her neurotransmitters, which resulted in anxiety and
insomnia. The pharmaceuticals her doctor prescribed work to
regulate neurotransmitters, but they come with a long list of side
effects that can create new problems. Reluctant to take synthetic
medication on a daily basis, Cindy found that “as needed” CBD-rich
cannabis controlled her anxiety without any side effects. I have seen
many patients like Cindy who function better and have no toxicity
from cannabis, living pharmaceutical-free.

I am aware that many people negatively judge Cindy and people
like her who have chosen to use cannabis medicine instead of
pharmaceuticals. I wonder if they would question the judgment of a
young person standing in line at a pharmacy, waiting to pick up
multiple prescriptions that might cause terrible side effects. It is time
we understand that we all have endocannabinoid systems, that there
can be dysregulation in these systems that causes disease, and that



these conditions can be effectively treated with cannabis medicine.
The propaganda from the 1930s claiming that cannabis is the
“devil’s weed” is no longer acceptable, as the science of the
endocannabinoid system is irrefutable. Cannabis must be an option
for patients. Cindy has found relief with no side effects from a plant.
It’s as simple as that.

Appetite Stimulation

Cannabis use has long been associated with an increase in appetite, often
called “the munchies.” Joking aside, a number of studies done in the 1970s
and 1980s showed that subjects given THC had increased intake of food,
opting for snack foods over healthier options when given a choice.20

Synthetic cannabinoids (such as dronabinol) have been shown to enhance
appetite, cause weight gain, and stabilize body weight in AIDS patients.21

Additional research shows that cannabinoid receptors play a role in food
consumption, with activation of CB1 receptors resulting in hunger.22 Other
studies found that THC causes changes in our internal chemicals that
regulate feelings of hunger.23 For instance, THC increases ghrelin, the
“hunger hormone” produced in the stomach and small intestine, which
travels to the brain, where it turns on hunger.

Poor appetite may result from cancer treatment, side effects of
medication, severe anxiety and/or depression, gastrointestinal conditions,
and anorexia nervosa. Many patients report increased appetite as one of the
many benefits of cannabis use, although not every patient feels this effect.
Being able to feel hunger and have an interest in and enjoy food is normal
for humans. It can be quite depressing when you can’t eat and enjoy food.
Cannabis can restore these feelings and enhance the quality of life for these
patients.

Over the past few decades investigators have shown that cannabis and
the cannabinoid receptors play an important role in the desire for food.
Although there are only a few animal and human studies on this subject,
they are consistent in reporting increased appetite with cannabis use:



• Rats injected with anandamide ate twice as much as rats given saline
injections, but when the cannabinoid receptor was blocked,
anandamide injections did not increase eating behavior.24

• Rats given low-THC cannabis extract had significantly increased food
intake when compared to an extract without THC.25

• Men who smoked cannabis consumed 40 percent more calories than
those who smoked placebo.26

• Oral THC given to Alzheimer’s patients increased their weight.27

As I mentioned in chapter 4, THC binds to the cannabinoid receptors in
our brains, but CBD does not act directly at these receptors. What I have
found in my medical practice is that many patients who use THC-rich
cannabis experience hunger and report that food tastes exceptionally good.
Some patients—not all—may develop tolerance to the appetite-stimulating
effects of THC. My patients using high-ratio CBD:THC cannabis products
do not report the same feelings of hunger as some of those using THC-rich
products, although some using low-ratio products (such as 1:1 or 2:1) do.
Interestingly, some chronically ill patients, such as patients with severe
epilepsy or those taking opiates, report that overall appetite is enhanced
when CBD is used daily.28 This may be due to better endocannabinoid
system tone—that is, when the body’s systems are working better, basic
human functions, such as sleeping and eating, become more balanced,
whereas studies looking at CBD-only pharmaceutically produced products
taken in high doses for epilepsy report decreased appetite as a side effect.29

If you are a patient who experiences unwanted hunger with the use of
cannabis, there are a few strategies you can try to avoid or control this
effect, including switching to a different THC-rich chemovar or adding
CBD to your cannabis regimen. You can also assure yourself that you are
not really hungry and that the sensation of hunger is just a side effect of the
cannabis medication. Drinking water and eating healthy snacks, such as
apples or carrots, will help curb your appetite too. One of the best
approaches is to not have unhealthy snacks in your house. If they aren’t
there, you can’t eat them! Plus, THCV, which is becoming more readily
available to cannabis patients, can suppress appetite.30 Adding this to your
regimen may have anti-hunger effects.



If you are worried about gaining weight with cannabis use, a number of
recent studies reporting cannabis users are less likely to be obese than
nonusers should put your mind at ease. Researchers found that “the
prevalence of obesity is paradoxically much lower in cannabis users as
compared to non-users, and this difference is not accounted for by tobacco
smoking status and is still present after adjusting for variables such as sex
and age.”31 Other studies support these findings, showing those who use
cannabis have a smaller waist circumference and lower BMI (body mass
index).32

Arthritis

Arthritis is a general term that refers to inflammation of the joints. More
than 350 million people worldwide suffer from this debilitating and painful
condition. Arthritis may result from normal or occupational “wear and tear”
or may be a result of autoimmune disorders, such as rheumatoid arthritis
and psoriatic arthritis. The main symptoms of arthritis are joint pain and
stiffness. Over time, degeneration and destruction of the joint results. There
are many conventional medications available, ranging from over-the-
counter anti-inflammatories to prescription injections, but adverse side
effects and minimal effectiveness is not unusual. Additionally, in 2012 the
American Society of Nephrology (kidney specialists) recommended that
anyone with diabetes, high blood pressure, heart failure, or evidence of
chronic kidney disease should avoid taking nonsteroidal anti-inflammatory
medications, as they can “elevate blood pressure, make antihypertensive
drugs less effective, cause fluid retention and worsen kidney function in
these individuals.”33 This leaves these patients with very few options for
treatment of arthritis.

Arthritis sufferers make up one of the largest groups using
phytocannabinoid medicines since they are effective in reducing pain and
inflammation with minimal side effects. Two surveys found approximately
20 to 25 percent of patients who were using cannabis were doing so for
arthritis.34 Similarly, about 18 percent of patients seeking approval at a
California medical cannabis clinic were seeking relief from arthritis
symptoms.35



The endocannabinoid system is present in the tissues that make up our
joints, making arthritis an excellent target for treatment. In fact,
upregulation of cannabinoid receptors and increased endocannabinoid
levels were found in rats that had osteoarthritis, showing that the
endocannabinoid system tries to restore balance to an area of
inflammation.36 The joint fluid from patients with rheumatoid arthritis
consistently has shown elevated pro-inflammatory compounds.37 The goal
of phytocannabinoid treatment is to reduce these pro-inflammatory agents
through augmentation of the endocannabinoid system—assisting this
system to decrease the inflammation that leads to pain, immobility, and
destruction of the joints.

Numerous animal studies from the past two decades clearly show that
cannabinoids impart potent anti-inflammatory effects, which can be
beneficial in the treatment of arthritis:

• The administration of CBD after the onset of collagen-induced
arthritis effectively blocked the progression of arthritis and had a
potent antiarthritic effect. In this study, CBD blocked the formation of
the pro-inflammatory chemicals, called cytokines, that are made in
the body in response to a trigger, such as an infection, an injury, or a
haywire immune system (autoimmune disease).38

• Daily administration of a synthetic cannabinoid was reported to
protect joints from damage and to ameliorate collagen-induced
arthritis in an experiment using mice.39

• Transdermal CBD application significantly reduced joint swelling as
well as other measures of inflammation in a rat model of arthritis.40

• In another rat model of osteoarthritis, CBD dose dependently
(meaning higher doses were more effective) decreased joint pain,
increased use of the involved joint, reduced inflammation, and
prevented future inflammation from developing.41

• In a randomized placebo-controlled study on dogs with osteoarthritis,
oral CBD significantly reduced pain and increased activity over a
four-week treatment period.42



Summarizing the available literature in the September 2005 issue of the
Journal of Neuroimmunology, researchers at Tokyo’s National Institute of
Neuroscience concluded, “Cannabinoid therapy of rheumatoid arthritis
could provide symptomatic relief of joint pain and swelling as well as
suppressing joint destruction and disease progression.”43 Despite this strong
statement, there are virtually no human trials on the benefits of cannabis for
arthritis due to the continued (and ridiculous) prohibition of cannabis
research. The only published trial is one from the United Kingdom using
nabiximols (CBD:THC 1:1, Sativex), which found statistically significant
improvements in pain on movement, pain at rest, and quality of sleep, and
an improved rating in a measure of disease activity for patients with
rheumatoid arthritis.44

All of the phytocannabinoids discussed in this book show anti-
inflammatory properties. My patients with arthritis report that medical
cannabis use provides pain relief, reduces the need for opiates and NSAIDs,
improves mobility, and promotes better sleep. Choosing a regimen has
gotten a bit more complicated since there are more phytocannabinoids
available. Using the “Rule it in or rule it out” method previously described,
start with one product and explore dosing and the timing of doses. If it does
not help, change to another delivery method or a different cannabinoid
profile. For instance, many patients with arthritis will start with topical
preparations, containing either mostly CBD or some combination of CBD
and THC, applied directly to the joints involved. I advise trying this twice a
day, or more, for at least one week to see if there are any benefits. If not,
taking cannabis internally can be tried next. Since some patients respond to
high-ratio CBD:THC products, this is a good place to start if it is the only
product legally available to you. If you do not feel better with lower doses,
raise them, although remember that higher doses of CBD can be expensive.
Lower-ratio CBD:THC, the raw cannabinoids THCA and CBDA, and also
CBG, either alone or in combination, can be quite effective as well. If you
are willing to go through the trial and error of sorting out what works best,
you will likely find benefits. Remember too that many terpenoids,
especially beta-caryophyllene, will help add anti-inflammatory effects.

I think it would be helpful at this point to share some of my patients’
cannabis regimens as examples. All of these patients tried a number of
different cannabis products before finding the regimen that was most



effective.

• Tina, a fifty-eight-year-old mother of two and entrepreneur, struggled
with disabling joint pain from autoimmune disease. The combination
of topical CBD balm applied twice a day to painful joints in addition
to a 4:1 CBD:THC tincture (about 32 milligrams CBD and 8
milligrams THC total per day—started lower and increased over two
months) has reduced her joint pain significantly. She reports that she
has been able to exercise more consistently and sleep is much
improved.

• Jonathan, forty years old, was initially diagnosed with osteoarthritis
when he developed joint pain in his thirties. After his symptoms
became severe, he saw a specialist and was diagnosed with
rheumatoid arthritis. He has had terrific results with higher doses of
high-ratio CBD:THC oil taken sublingually during the day (100
milligrams CBD and 4 milligrams THC per day) and with vaporized
THC flowers taken as needed for pain mostly in the evening.

• Stephan, an eighty-year-old former professional athlete with severe
knee and ankle pain from osteoarthritis, uses high-potency CBD
topical balm (with 400 milligrams per 1 ounce) numerous times daily
and a low-dose 1:1 CBD:THC edible at night (2.5 milligrams CBD
and 2.5 milligrams THC). He reports increased mobility, less pain,
and better sleep.

• Genevieve, a thirty-seven-year-old stay-at-home mom of four, was a
gymnast while in high school and college. She has arthritis pain in
multiple joints in addition to back pain and has found THCA and
CBDA tinctures (about 20 milligrams of each) taken together two or
three times daily help decrease her pain from 8 out of 10 on a pain
scale to a more tolerable 3 out of 10. She is currently in the process of
increasing the doses to see if that will add benefits. She occasionally
takes a 5-milligram THC edible before bedtime to help with sleep if
her pain seems elevated.

• Amy is a sixty-eight-year-old accountant who was struggling with



arthritis in her hips and knees. After losing weight, her arthritis
improved, but she continued to have pain, which came on mostly later
in the day. The combination of CBG (20 milligrams) and CBDA (30
milligrams) taken together after breakfast and dinner gives her relief
and improved mobility.

Asthma

It seems counterintuitive that cannabis would help people with asthma
breathe more easily, but in 1973, Dr. Donald Tashkin and his colleagues at
UCLA published a study in the New England Journal of Medicine showing
that cannabis works as a bronchodilator, meaning it opens up the airways in
both healthy and asthmatic people.45 He also found that cannabis
“succeeded in reversing experimentally induced asthma, in a manner that
was comparable to what could be achieved with a standard therapeutic
bronchodilator,” which was widely used at the time. Dr. Tashkin’s group
showed that very low doses of THC were effective.46

Additional scientific studies have shown benefits of cannabinoids for
asthma:

• A human study of 10 milligrams oral THC in six asthmatics and six
healthy controls reported no significant benefits. I include this study
to point out the biphasic effects in action—dosing matters! THC of 10
milligrams was likely too high of a dose, especially since Dr.
Tashkin’s research reports low doses were effective.47

• THC blocks a compound called acetylcholine, which works to
maintain the muscle tone in the airways. This compound also causes
tightening of the airways in an asthma attack. When THC binds to the
cannabinoid receptor, it prevents the release of this compound and
allows the airways to relax.48

• In an animal study looking at allergic asthma-like reactions, a
synthetic cannabinoid reduced cough and shortness of breath as well
as decreased inflammatory changes in lung tissue. These benefits



were due to effects of the cannabinoid at both CB1 and CB2 receptors
present in peripheral nerves in the smooth muscle layer of bronchial
tubes.49

The method of cannabinoid delivery for patients with asthma or other
lung conditions should not include smoking. Beneficial cannabinoids are
contained in combusted cannabis, but the smoke also contains numerous
other compounds that aggravate the airway. Studies show chronic heavy
cannabis smoking is associated with increased risk for bronchitis.
Additionally, airway swelling, irritation, and inflammation have been
reported.50

My patients with asthma who initially sought approval to use cannabis
for other medical conditions have found, much to their surprise, their
coexisting asthma condition is improved and they don’t require as much
asthma medicine. I have a few patients in my practice with very significant
symptoms of asthma requiring them to take a number of daily medications,
which often cause adverse side effects. For some, despite intensive
treatment with the latest asthma medications available, they report ongoing
symptoms and occasional flare-ups that require hospital visits. Adding
cannabis (not smoked) has helped to improve control of the asthma
symptoms, with fewer flare-ups, fewer hospitalizations, and occasionally
less need for asthma medications. In my experience, patients treating
asthma with cannabis are using THC-rich cannabis, mostly in low doses
with vaporizers, sublingual tinctures, or edibles. Some patients find
chemovars rich in the terpenoids pinene and limonene, which have
bronchodilatory effects, to be quite helpful.

Attention Deficit Hyperactivity Disorder

ADHD is a neurodevelopmental disorder that unfortunately is quite
common and on the rise.51 This disorder affects a person’s ability to
regulate their attention, emotions, impulsivity, and hyperactivity. It can
present in childhood or adulthood and can change from one type to another
over a person’s lifetime. There is also an increased risk of other psychiatric



conditions, such as anxiety, depression, and substance-abuse disorders.
ADHD is divided into three types:

1. Predominantly inattentive presentation (ADD)
2. Predominantly hyperactive-impulsive presentation
3. Combined presentation52

The neurotransmitters dopamine, norepinephrine, and serotonin are
thought to be dysregulated in ADD/ADHD.53 Multiple genetic variations
involved in these neurotransmitters have been found in people with ADHD.
It is thought that the three different types may be explained by differences
in the involved neurotransmitter. Dopamine sends messages within the parts
of the brain that control reward and motivation (nucleus accumbens);
planning, problem-solving, and attention (prefrontal cortex); and cognition
and learning (dorsal striatum). People with ADHD of the hyperactive-
impulsive type seem to have an overly efficient removal of dopamine,
which interferes with dopamine’s ability to exert its effects. Norepinephrine
is involved in alertness, attention, and memory, and its deficiency is thought
to be related to inattentive presentation, or ADD. The loss of impulse
control and aggression seen in ADHD is hypothesized to be due to
dysregulated serotonin. Stimulant medications are prescribed for dopamine-
related ADHD, as they block removal of dopamine, allowing it to hang
around the brain for longer periods. Non-stimulant medications target
norepinephrine, allowing it to last longer. These medications, although quite
effective for some, can have side effects of poor appetite, insomnia, high
blood pressure, weight loss, tics, headache, and stomach upset.

There is evidence that patients with ADHD have genetically based
endocannabinoid system dysfunction and altered anandamide breakdown.54

As the endocannabinoid system is involved in balancing neurotransmitter
messages, abnormalities in its function may contribute to ADHD
symptoms.

There are some reports in the scientific literature of benefits from
medical cannabis treatments:



• A twenty-eight-year-old with ADHD was able to function normally
with high levels of THC, including passing a driving test. The
researchers who reported this case stated, “There was evidence that
the consumption of cannabis had a positive impact on performance,
behavior and mental state of the subject.”55

• A 2015 report of thirty patients with ADHD, considered treatment
resistant, found medical cannabis to be effective and well tolerated.56

• A trial of thirty patients with ADHD given nabiximols (1:1
CBD:THC, Sativex) did not show statistically significant
improvement; however, the overall testing scores were better in the
group receiving the cannabinoid medicine when compared to the
placebo group. Secondary outcomes reported for the group receiving
the cannabinoids indicated improvement in hyperactivity/impulsivity
and a trend toward improvement for inattention.57

• A January 2020 report from Technion, Israel Institute of Technology,
stated that treatment with medical cannabis was associated with
decreased ADHD symptoms and decreased medication use.
Interestingly, higher amounts of the phytocannabinoid CBN
correlated with fewer ADHD symptoms.58

In clinical practice, many adults report that THC-rich cannabis
significantly helps with focus, impulsivity, and memory, and allows them to
finish tasks. Other patients find that cannabis treatment works best in
counteracting the unwanted side effects of their prescription ADD/ADHD
medications, which are otherwise effective.

Patients report that stimulating THC-rich chemovars (often referred to as
“sativa” chemovars) and those chemovars that contain higher amounts of
pinene, a terpenoid that helps to increase focus and aids in memory, work
well for their ADHD symptoms. For some, the less stimulating chemovars
work better, especially when combating coexisting symptoms, such as
insomnia and anxiety. I encourage adult patients to try different chemovars
and products to find what works best for them.

I have found that some pediatric patients with ADHD respond to CBD-
rich cannabis. Many of these patients have other coexisting diagnoses, such



as seizure disorders, Tourette syndrome, or severe anxiety, that also
improve with CBD treatment. Some children do well with higher
CBD:THC ratios (for example, 25:1) and others show improvement with
lower ratios. My approach for children and teenagers with severe ADHD
symptoms is to start with high-ratio CBD:THC preparations, assess their
response, and add THC in small amounts for the desired effects.
Additionally, a few of my patients have improved with CBG and/or THCA.

John’s Story

I wrote about John in my previous book and include his story here, with an
update.

When John first came to see me at the age of nineteen, his mother
accompanied him to the office. I noticed immediately and was
touched by the close relationship between the two. John had been
diagnosed with ADHD when he was eleven years old after the school
reported to his parents that he was struggling with schoolwork and
impulsivity in the classroom. He was prescribed a stimulant
medication and remembers feeling terrible on it. “I felt like a
zombie,” he told me. His mother also disliked the effects of the
medication and stopped giving it to him, saying that it made his
personality disappear. Reluctant to try other medications, she pulled
him out of school and homeschooled him until John graduated from
high school.

Despite being nervous that he might fail, he started college and
was introduced to cannabis recreationally by some new friends. He
was shocked to find that, for the first time, he was able to actually
focus on schoolwork. Impulsivity, which had been a big issue for him,
disappeared. He says that his brain always felt like it was racing,
and using cannabis slowed his thoughts to a “normal” pace. He was
able to think and process information better than he ever had.

Since John felt that cannabis was helping him achieve in school,
he decided to tell his mother. Initially upset, she was surprised to



learn that many people had found the same results. She made a deal
with him that if his grades were good for the semester, she would take
him to get medical cannabis approval so that he could obtain and use
cannabis legally, getting assistance from a physician to help him
understand the best way to use it. He made straight A’s that semester!

John’s mother reported to me how skeptical she had been, but she
was open to cannabis treatment because he had struggled for so
long. When he was first diagnosed with ADHD, she shared, he felt
stupid because his teachers were frustrated by his behavior and
treated him differently from the other children in the classroom. With
homeschooling and individual attention, he excelled, but she was
concerned about his ability to function outside the home. Seeing him
achieve in college with the responsible use of cannabis medicine
assured her that he would be able to make it on his own. She is
amazed and troubled that she never heard from other parents or
John’s doctors that cannabis could help her son combat his ADHD
symptoms.

John reported that THC-rich cannabis in low doses (vaporized)
before school helped him to focus and achieve with no intoxicating
effects. He also reported that he felt less anxious and ready to take on
any task. He skipped cannabis on the days he didn’t need it to avoid
developing tolerance.

Update: John has graduated college and is planning to apply to
graduate school to study chemistry. He also is working at a job that
does not require preemployment drug testing. John says that he sees
cannabis as his medicine, nothing more or less, just a normal part of
his day that allows him to function and achieve his goals.

Autism Spectrum Disorder

Autism spectrum disorder, or ASD, refers to a broad range of complex
conditions that impact a person’s communication, social skills, self-
regulation, and behaviors. It is considered a spectrum disorder because each
person is affected differently and to different degrees. The CDC reports that
one in every fifty-nine children is affected by ASD, and boys are four times



more likely to be affected. The core symptoms of ASD are impaired
communication, impaired reciprocal social interaction, and restricted,
repetitive, and stereotyped patterns of behaviors or interests.59 Although
two antipsychotic medications have been approved to treat the irritability
associated with ASD, they do not address the core symptoms. Additionally,
approximately 40 percent of children do not respond to these medications or
to behavioral interventions.60 Approximately 10 to 30 percent of people
with ASD also have epilepsy.61 Researchers report several overlapping
pathways for both ASD and epilepsy.62 Since the endocannabinoid system
has been shown to be an important physiologic regulator of seizures, as well
as highly involved in the control of emotional, behavioral, and social
interactions, scientists are now looking into its dysfunction as an underlying
cause and possible target of treatment for ASD.

A number of investigations have looked at the potential role of the
endocannabinoid system’s involvement:

• One study looking at the role of the endocannabinoid system in
fragile X syndrome (a syndrome that causes learning disabilities,
cognitive impairment, and features of autism spectrum disorder)
found that the genetic defect causing this syndrome also caused
abnormal endocannabinoid metabolism and activity. The same study
found that pharmacological enhancement of endocannabinoid
signaling normalizes this defect and corrects behavioral abnormalities
in a mice model of fragile X syndrome.63

• Recent research has found evidence that acetaminophen may trigger
autism by activating cannabinoid receptors.64

• In a rat model of autism, subjects that had prenatal disruption of their
endocannabinoid system had behavioral abnormalities associated with
autism spectrum disorder.65

Recently a number of human studies have shown that children with ASD
have abnormalities in their endocannabinoid system compared to children
without this disorder:



• A clinical study performed on children three to nine years old
demonstrated that CB2 receptors on white blood cells of the children
with ASD were increased (thought to be compensating for low
endocannabinoid levels) compared with matched healthy controls.66

• A 2018 study from Stanford University documented that children
with ASD have lower levels of plasma anandamide compared to
children without ASD. The authors reported that “anandamide
concentrations significantly differentiated ASD cases from controls,
such that children with lower anandamide concentrations were more
likely to have ASD.” This finding is quite important in that
anandamide levels may be used as a biomarker to help diagnose
ASD.67

• A 2019 study from Israeli researchers reported that children with
ASD have lower levels of three endocannabinoids when compared to
children without ASD. The study found that the lower levels were
“not significantly associated or correlated with age, gender, BMI,
medications, and adaptive functioning of ASD participants.”68

A case study from Austria published in 2010 documented the use of
dronabinol (synthetic THC with no CBD) in a six-year-old boy diagnosed
with autism.69 He received dronabinol therapy for six months with no
change in other therapies or initiation of any other new treatments. An
examiner and his parents rated his behaviors on a scale. He had
significantly decreased hyperactivity, lethargy, and irritability. Stereotypic
behavior and speech also improved. There were no reported adverse side
effects. The dosing for this child was low, beginning with 0.62 milligram
THC one time per day in the morning. By the end of six months, he was
taking 1.2 milligrams THC in the morning, 0.62 milligram THC in the
afternoon, and 1.86 milligrams THC at night for a total daily dose of 3.68
milligrams to achieve the reported improvements, with no evidence of
intoxication.

Although two human clinical trials investigating the use of CBD for
ASD have been approved in the US, neither had been started at the time of
writing. However, a few findings from clinical trials in other countries are



quite promising:

• In Israel, sixty children with severe ASD symptoms were given a 20:1
ratio of CBD:THC oil. Thirty-one (52 percent) responded well to this
product; those who did not were switched to lower ratios (more THC
relative to the CBD), resulting in another twenty children (69 percent)
showing improvement. At the end of the study, 73 percent remained
on treatment. The authors reported that the range of dosing was 1.2 to
6.4 milligrams per kilogram per day CBD and 0.07 to 0.51 milligram
per kilogram per day THC for children who received three daily
doses, and 0.2 to 3.4 milligrams per kilogram per day CBD and 0.08
to 0.36 milligram per kilogram per day THC for children who
received two daily doses.70

• Also in Israel, 188 patients were treated with a 20:1 CBD:THC oil
between 2015 and 2017. After six months, 82.4 percent remained in
active treatment with the following results: 28 patients (30.1 percent)
reported a significant improvement, 50 (53.7 percent) moderate, 6
(6.4 percent) slight, and 8 (8.6 percent) had no change in their
condition. Treatment was considered well tolerated, safe, and
effective.71

• An observational study in Brazil of patients with ASD (some with
epilepsy) taking a cannabis preparation containing a CBD:THC ratio
of 75:1 reported that of the fifteen patients who adhered to the
treatment, all but one showed improvement of ASD symptoms.72

Most of the families that come to my office seeking cannabis treatment
for their loved one with ASD have tried multiple interventions and
medications, including off-label (not FDA-approved for ASD) psychiatric
medications that were prescribed despite no scientific evidence
documenting benefits for ASD. This group of patients is challenging to treat
because many are nonverbal, sensitive to small changes, and often have
other medical conditions that must be taken into account. It is truly trial and
error since this is a spectrum disorder, with each individual having a unique



response to the various phytocannabinoids. It is important that families
wishing to explore cannabis for the treatment of ASD have realistic
expectations and understand that it is not a cure but another tool to help
manage symptoms and improve quality of life.

A number of important aspects must be understood if CBD is going to
be used to treat autism. Firstly, there are patients who respond well to low
doses and those who require much higher doses, meaning trials of both low
and high doses may be required to find what works (i.e., ruling both low
and high doses in or out). If a child responds to a low dose, a high dose may
not be needed. Secondly, cannabinoids can take some time to work, so
being patient and not changing doses or products from day to day will help
to assess benefits and side effects. Thirdly, the biphasic nature of
cannabinoids (explained in chapter 5) must be taken into account because
lower doses of CBD (less than 50 milligrams) can sometimes overstimulate
someone with ASD, aggravating symptoms, while higher doses can be
calming and focusing. If low doses exacerbate symptoms, higher doses
should be tried. In one of the trials from Israel mentioned earlier, the
researchers reported a wide range of dosing, from 15 milligrams three times
a day (45 milligrams daily) up to 285 milligrams three times a day (855
milligrams daily), clear evidence that there is a wide range of therapeutic
dosing for CBD.73 Lastly, reverse tolerance (discussed in chapter 4) may
occur, requiring the lowering of a dose that was previously effective.

Tincture preparations are recommended so that dosing can be titrated up
or down more easily, allowing for “custom” dosing. If a patient refuses to
take the oil (it can be unpalatable for some), it can be placed into empty
capsules. One family that came to see me was using purchased capsules that
contained 25 milligrams CBD. One capsule was too low of a dose and two
capsules was too high of a dose. Tinctures allow patients to fine-tune and
personalize dosing.

Edible products are occasionally more effective than tinctures. Most
states that allow for THC edibles require them to be 10 milligrams or less.
For instance, in California THC edibles come as 2.5, 5, or 10 milligrams.
Some parents of children with ASD will cut the edibles in half or in
quarters to start. There are also edibles that contain both CBD and THC in
varying ratios. One of the benefits of edibles is that some patients get
longer-lasting effects, allowing them to get through a school day without



having to re-dose.
Many of my patients with ASD are on unique combinations of

cannabinoids, found only through trial and error. Some take only high-ratio
CBD:THC, some take THCA and THC together, some are taking 1:1
CBD:THC, some are on CBG and CBD, and so on. The “Rule it in or rule it
out” method is helpful to narrow down the many choices; however, it is
time-consuming and can be extremely frustrating. An excellent resource
that is very helpful to families is the nonprofit Whole Plant Access for
Autism (www.wpa4a.com). They are dedicated to providing high-quality
scientific information and are committed to helping families figure out if
cannabis might be helpful. I am on their advisory board and can confidently
endorse their work.

Autoimmune and Inflammatory Conditions

The roles of the endocannabinoid system, endocannabinoids, and
phytocannabinoids in immune function and inflammatory conditions is a
popular area of research. Cells of the immune system release numerous
compounds that create inflammation, which may be a normal response to a
trigger, such as an infection or injury, or an abnormal over-response of the
body, leading to inflammatory disease. This abnormal over-response is what
is called autoimmune disease. The endocannabinoid system plays a
protective role in regulating these responses and, as such, has been
described as the “homeostatic gatekeeper” of the immune system,
preventing overwhelming and imbalanced pro-inflammatory responses to
harmful triggers.74

All immune cells make endocannabinoids and have cannabinoid
receptors, usually more CB2 receptors than CB1 receptors.75 In order to
understand the role of these components within the immune system,
scientists often use mice bred without a specific component to see what
happens when that component is removed or altered. For example, mice
bred without cannabinoid receptors have increased allergic inflammation,
and mice bred without the enzyme FAAH, which breaks down anandamide
(meaning anandamide hangs around longer and has a stronger effect), have



more anti-inflammatory, less allergic responses.76 This tells us that we need
our endocannabinoid system to maintain homeostasis—balance—within
our immune system and to control inflammation, now thought to be the root
cause of so many illnesses.

Cannabinoids as anti-inflammatory agents have been researched in
connection with many autoimmune diseases, including type 1 diabetes,
rheumatoid arthritis, allergic asthma, multiple sclerosis, colitis, chronic liver
inflammation, and cancers with inflammatory components.77 They have
also been investigated for use as suppressors of the body’s over-response
after a major injury. For instance, after a head trauma or heart attack, the
body’s immune system kicks in, sometimes adding to tissue damage due to
the release of inflammatory chemicals. Multiple animal studies show
cannabinoids can inhibit the severity of disease, reduce an over-response of
the immune system, delay the onset of disease, and decrease
inflammation.78

There are many examples of cannabinoid-induced anti-inflammatory
effects; here are just a few important findings:

• Brain inflammation: Mice with a closed-head injury that were treated
with a synthetic cannabinoid had decreased levels of inflammatory
compounds in the brain with better recovery and clinical outcome
than those that did not receive the cannabinoid.79

• Intestinal inflammation: Mice with inflammation in the colon (colitis)
that received a synthetic cannabinoid had decreased colonic
inflammation and fewer inflammatory cells on biopsy.80

• Joint inflammation: Mice with arthritis that received a synthetic
cannabinoid had significantly reduced joint swelling and decreased
serum levels of pro-inflammatory compounds.81

• Cardiovascular inflammation: Mice that had heart attacks after
ischemia-reperfusion (tissue damage that occurs when blood flow is
cut off and then reinstated) and received a synthetic cannabinoid had
less heart tissue damage and reduced levels of inflammatory
compounds.82



A very interesting 2018 study in patients with multiple sclerosis, one of
the most common autoimmune conditions, affecting over two million
people worldwide, documented that after four weeks of treatment with
nabiximols (1:1 CBD:THC, Sativex), testing of the whole genome before
and after treatment revealed suppression of the genes sending pro-
inflammatory messages, especially in those patients who were classified as
responders to the treatment.83

Another interesting example relating to cannabinoids and the immune
system is a condition called graft-versus-host disease (GVHD). This is an
immune condition that occurs after a transplant, wherein cells from the
donor attack the tissues of the host who received the transplant. Multiple
studies have shown involvement of the endocannabinoid system in GVHD,
making it a target for therapeutic intervention.84 In a trial of forty-eight
patients who were transplant recipients, treatment consisted of 300
milligrams CBD taken orally, starting seven days before transplantation
until thirty days after the transplant. Patients were followed for seven to
twenty-three months. None of the patients developed GVHD while taking
CBD. The incidence of GVHD (by day 100 after the transplant) was 12
percent lower than expected when compared to control subjects not treated
with CBD.85

Many patients using cannabis are treating conditions that have
underlying inflammation as the root cause of the symptoms. Since medical
conditions vary from person to person, and response to cannabinoid
treatment varies as well, patients will respond to different cannabinoid
profiles and doses. Some of my patients experience an improvement of their
inflammation using only THC-rich cannabis, as evidenced by their reports
of less pain and better mobility. Other patients are using CBD-rich cannabis
in a daily high-dose regimen to try to suppress inflammation that occurs in
autoimmune disease. Some patients are using CBD and THC combined in
various ratios depending on what works best for their symptoms. CBG,
CBDA, and THCA as anti-inflammatories are proving to be effective, either
alone but more often in combination. Anti-inflammatory terpenes include
beta-caryophyllene, myrcene, pinene, humulene, cineole, and citronellol.



Lori’s Story

Lori started feeling unwell in 2006, with vague symptoms of joint
pain, insomnia, and anxiety. As time passed, her symptoms
progressed to include lethargy, weight gain, migraine headaches,
brain fog, and depression. She sought medical care and was
erroneously diagnosed with Lyme disease despite inconclusive test
results. She felt worse with Lyme treatment, which she was warned
about, and after a full year of misery with continued symptoms, she
was diagnosed with various other disorders, including fibromyalgia
and irritable bowel syndrome. She struggled to get out of bed and
function normally, often unable to do so.

A battery of tests revealed Lori was suffering from Hashimoto’s
thyroiditis, an autoimmune condition of the thyroid that explained
many of her symptoms. She became convinced that conventional
medications were making her worse, and she began to pursue
alternative treatments, such as acupuncture and trigger-point
massage. She stopped taking the prescribed pharmaceuticals and
adopted a strict gluten-free diet. She began to feel better but still
struggled with anxiety, joint pain, poor sleep, and migraines. It was
at this point that she decided to try cannabis.

Lori was quite apprehensive when starting cannabis, afraid that
THC would aggravate her anxiety, which was still somewhat out of
control. She had read many online stories of patients experiencing
life-changing results with high-ratio CBD:THC tinctures, and after
we went over all of the options, she decided to try this first. She had
no improvement with 25:1 or 18:1, even with high doses. I advised
her to try 4:1 CBD:THC, as the higher amount of THC would likely
have more of a direct effect on pain, sleep, and anxiety. She began
with very low doses and titrated up slowly over a few months,
sharing with me that she was beginning to sleep through the night,
have less pain during the day, and experience a significant reduction
in anxiety. Over the next eight months, Lori started to feel like her
old self again. She has experimented with some of the newer
products, including a blended tincture of CBDA and THCA, which
eliminated her migraine headaches, and a CBG tincture, which



helped to further control her anxiety.
All of Lori’s symptoms point to an endocannabinoid deficiency,

further aggravated by chronic anxiety and sleep deprivation.
Unfortunately, until the medical community acknowledges the
endocannabinoid system and its impact on illness, patients like Lori
will continue to be misdiagnosed and given treatment that is not
effective.

Lori has been a cannabis patient for over five years now, living
her best life. She continues to adhere to a strict diet devoid of all
inflammatory foods. She is able to put in long days at work as well as
enjoy family and travel, and most importantly, she is in control of her
life again. When I asked her about how cannabis helped her, she
stated simply, “It saved my life.”

Cancer

The American Cancer Society defines cancer as “a word used to describe
more than 100 diseases in which cells grow out of control.”86 Although
researchers have made significant strides in treatments, cancer continues to
be the second most common cause of death in the US (heart disease is the
first). Cannabis has been investigated for its use in combating the symptoms
associated with cancer and its treatments. However, it is also being used to
kill cancer cells, since phytocannabinoids have been found to have
anticancer properties. The first three parts of this section will discuss the
use of cannabis to help with specific symptoms associated with cancer and
its treatments, and the final part will address its ability to help kill cancer.

Chemotherapy-Induced Nausea and Vomiting

The first report in the scientific literature of the effective anti-vomiting, or
antiemetic, benefits of cannabis appeared in the New England Journal of
Medicine in 1975.87 Twenty cancer patients who did not respond to
conventional antiemetic medication received either THC or placebo two
hours before chemotherapy. The THC patients reported that they had less
vomiting without any significant side effects. A slew of studies in the 1980s



found cannabinoids to be effective for chemotherapy-induced nausea and
vomiting (CINV), equal to or better than the antiemetics available at the
time, leading to FDA approval of two synthetic THC medications for this
indication: dronabinol and nabilone.88 In 2001, a large review of thirty
studies with a total of 1,366 patients comparing synthetic cannabinoids with
placebo or approved antiemetic pharmaceuticals concluded the
cannabinoids were highly effective compared to placebo and other
medications, and patients preferred the cannabinoids over the other
medications.89

The following are other important studies:

• A 1979 National Cancer Institute investigation compared the
antiemetic effects of oral and smoked THC with oral and smoked
placebos. Efficacy against nausea and vomiting was dose dependent,
as higher doses correlated with decreased symptoms. Additionally,
oral delivery was compared to inhalation, with evidence that inhaled
THC was absorbed more reliably.90

• A 1988 report found 78 percent of fifty-six cancer patients who did
not get relief from standard antiemetic therapy were symptom-free
after cannabis use.91

• In 1995, Israeli researchers found delta-8-THC to be quite effective
(with negligible side effects) in preventing nausea and vomiting in a
group of pediatric cancer patients.92

• A 2007 study compared dronabinol (synthetic THC) to a newer
antiemetic called ondansetron (brand name Zofran), and both in
combination, in sixty-four patients on chemotherapy. The response
was similar for both drugs alone and in combination; however, nausea
intensity and vomiting/retching were lowest with dronabinol.93

• The National Academies of Sciences, Engineering, and Medicine
(NASEM) in their 2017 report The Health Effects of Cannabis and
Cannabinoids: The Current State of Evidence and Recommendations
for Research stated that “[i]n adults with chemotherapy-induced
nausea and vomiting, oral cannabinoids are effective antiemetics.”94



Despite the benefits noted in these investigations and the abundance of
anecdotal reports of symptom relief from patients documented by their
physicians, the medical literature does not have any large, good-quality
studies on the effects of whole-plant cannabis for CINV. Since the US
government continues to prohibit cannabis research, we do not know if it is
more effective than the newer group of available antiemetic
pharmaceuticals. Many patients prefer to use cannabis not only because
they find it to be effective for CINV but also because it adds the beneficial
side effects of less anxiety, reduced pain, and better sleep. As a clinician, I
have found that many cancer patients prefer to inhale cannabis when
treating CINV. This appears to be due to the faster onset and the easy
control of dosing when compared to other delivery methods. It can be
difficult to swallow edibles or hold tinctures under the tongue when nausea
or vomiting is present. These methods also have delayed onset of action,
not ideal when you are experiencing severe nausea and vomiting.

Many of the phytocannabinoids have antiemetic properties, including
CBD, CBDA, THC, THCA, and delta-8-THC. In my clinical experience,
patients on chemotherapy seem to prefer THC, as it is quite effective and
can be vaporized easily. I have witnessed only three patients obtain CINV
relief with delta-8-THC, as it is new on the market and can be difficult to
find; however, these patients reported benefits with it taken as a sublingual
tablet preparation.

Anorexia and Weight Loss

Many cancer patients report lack or loss of appetite—called anorexia—and
significant weight loss associated with cancer and its treatment. Weakness
and wasting of the body—cachexia, in medical terms—is quite common
and is notoriously difficult to alleviate. The well-known side effect of “the
munchies” is one of the most common symptoms compelling cancer
patients to seek out medical cannabis.

Over the past few decades, investigators have shown that cannabis and
the cannabinoid receptors play an important role in the desire for food. A
number of studies looking at their effects on appetite and weight gain are
summarized in this section. Of note, these studies investigated the effects of
oral ingestion of synthetic THC, not whole-plant THC-rich cannabis,



making it difficult to draw conclusions, as most medical cannabis patients
use the latter. Additionally, the criteria for inclusion in these studies varied;
for instance, one study included patients who had lost 2.3 kilograms or
more of weight over two months and/or had a daily intake of less than 20
calories per kilogram of body weight, and another included only advanced
incurable cancers and an involuntary weight loss of 5 or more percent
within the past six months, making it difficult to compare results since the
participants were at different stages of illness.

• In an early study, seven of ten cancer patients given dronabinol
(synthetic cannabis) increased their weight.95

• In a study of forty-two patients with cancer, dronabinol increased
appetite and reduced the rate of weight loss.96

• Of eighteen patients with various cancers who received 2.5
milligrams of synthetic THC four times a day, thirteen reported
improved appetite; however, seven had side effects (not unusual with
synthetic THC).97

• A large study of 469 cancer patients with anorexia compared
megestrol (a synthetic hormone that increases appetite) with
dronabinol. Megestrol was more effective, but dronabinol increased
appetite in 50 percent of patients.98

• THC-treated cancer patients were found to have improved and
enhanced chemosensory perception and reported that food “tasted
better”; premeal appetite and proportion of protein calories increased
when compared to the placebo.99

• A 2006 study compared cannabis extract, dronabinol, and placebo in
169 advanced cancer patients and found no statistically significant
difference in appetite. (Increased appetite was reported by 73 percent,
58 percent, and 69 percent of patients, respectively.)100

• A 2019 small study from Israel documented treatment of cancer
patients with anorexia-cachexia syndrome who took THC-rich plant-
derived cannabis capsules. Patients started on 10 milligrams once per
day and increased to twice daily (note that this is four times the



highest recommended starting dose of 2.5 milligrams). Of seventeen
patients who started the treatment, only six completed the study, with
three patients gaining 10 or more percent of their body weight. The
other three remained at their starting weight. All reported an increase
in appetite, and half reported better sleep and reduced pain.101

Clinically, many cancer patients struggling with these issues report that
inhaled cannabis is extremely helpful for enhancing appetite, stabilizing
weight (or slowing the rate of weight loss), and, importantly, enjoying
meals rather than dreading them.

Cancer Pain

Moderate to severe pain is known to occur in 30 to 50 percent of all people
with cancer, causing a decrease in quality of life.102 Cancer pain may be
nociceptive (caused by physical damage from the tumor), neuropathic
(coming from either nerves involved in the cancer or nerve damage due to
chemotherapy), or inflammatory (when tumors release pro-inflammatory
chemicals). Patients may have mixed types of pain, creating challenges for
treatment. Opioids remain the keystone for cancer pain; however, some
patients experience inadequate pain relief and unacceptable side effects,
including nausea and constipation, which are common. According to a 2008
study, nearly 50 percent of patients with cancer pain are undertreated.103

Animal studies have attempted to assess whether cannabinoids are
effective for cancer pain and, if so, what underlying mechanisms of action
are involved:

• In mice with paw tumors, synthetic cannabinoid-like compounds
acting in synergy at both CB1 and CB2 receptors reduced pain.104

• Synthetic cannabinoids reduced both inflammatory and cancer pain in
mouse models, with actions at both cannabinoid receptors.105

The number of studies on the use of cannabis for cancer pain in human
trials is limited. Results are promising and show that cannabis treatment is



effective without causing significant adverse side effects:

• Significant pain relief was obtained in cancer patients with higher
doses of oral THC vs. placebo; pain relief peaked at three hours and
was still near maximum six hours after the dose.106

• Another study compared two different doses of oral THC compared
to two different doses of oral codeine in cancer patients. The higher
doses of each medication were found to significantly reduce pain
when compared to the placebo.107

• Thirty-nine cancer patients who did not respond to chronic opiate
treatment of pain received combination THC+CBD extract and
reported decreased pain, improved sleep, and less fatigue with no
development of tolerance or loss of effect over time.108

• A multicenter, double-blind, randomized, placebo-controlled,
parallel-group trial study that compared a THC+CBD extract, a THC
extract, and a placebo in patients with advanced cancer who were
experiencing inadequate analgesia despite chronic opioid dosing
found that the pain relief from the THC+CBD extract was statistically
significant vs. the placebo. The THC alone showed no significant
improvement vs. the placebo.109

I have evaluated hundreds of cancer patients using cannabis, and many
of them find enhanced appetite, better mood, pain relief, improved sleep,
and less fatigue. After years of disinterest in cannabis, a number of local
oncologists are now referring their cancer patients to my office as they too
are witnessing that cannabis can help patients tolerate the difficulties
associated with cancer and cancer treatment. Opioids are now killing more
people than car accidents, and these dedicated and responsible physicians
are reluctant to continue prescribing them without considering alternatives
that include cannabis.

Cannabis as a Cure for Cancer

This is a controversial topic. Since cannabis is classified as a Schedule I



controlled substance, research on the anticancer properties in human
clinical trials has been prohibited. As of the writing of this book, there is
one published human trial on cannabis use as an anticancer compound, with
a second trial in progress (both in Europe).

There exists, however, a significant body of scientific research that
shows both THC and CBD as well as other phytocannabinoids have
anticancer properties. These compounds cause cancer cells to commit
suicide (called apoptosis), inhibit tumor growth, inhibit metastasis and
cancer cell migration, and inhibit angiogenesis, which is the growth of
blood vessels that feeds tumors.110 Additionally, research shows that
phytocannabinoids can work synergistically with certain chemotherapies
and radiation to enhance anticancer effects.111 Moreover, a number of
studies document that cannabinoids can attenuate serious side effects from
chemotherapy, such as neuropathy.112

The following is a short list of studies documenting the anticancer
effects of cannabinoids on specific types of cancer. This is by no means a
complete review of the scientific literature, as there have been thousands of
articles published in the last three decades exploring the potential of
cannabis as an anticancer agent. It is important to note that these are not
human trials.

• Breast cancer: Whole-plant cannabis preparations were more potent
than THC alone in producing antitumor effects in both test tubes and
animal models of breast cancer.113

• Colorectal cancer: THC induced apoptosis in colorectal cancer cells
through the activation of the CB1 cannabinoid receptor.114

• Glioblastoma multiforme: THC decreased cell proliferation and
increased cell death of human glioblastoma multiforme cells.115

• Leukemia: THC is a potent inducer of apoptosis in three leukemic cell
lines at low concentrations and as early as six hours after exposure.116

• Lung cancer: CBD promoted lung cancer cell death through the
enhancement of immune cell anticancer mechanisms.117

• Melanoma: THC use resulted in the activation of autophagy (cell self-
digestion), loss of cell viability, and the activation of apoptosis of



melanoma cells.118

• Neuroblastoma: Both THC and CBD impeded growth of
neuroblastoma cells in test tubes and in mice implanted with tumor
cells.119

• Pancreatic cancer: Cannabinoid receptors are expressed in higher
levels in pancreatic tumor cells; cannabinoids killed pancreatic cancer
cells, inhibited growth, and inhibited the spread of tumor cells.120

• Prostate cancer: CBD induced apoptosis and enhanced the cancer
killing of chemotherapy in mice implanted with prostate cancer
cells.121

• Skin cancer: Synthetic cannabinoids induced apoptosis and inhibited
growth of nonmelanoma skin cancer.122

In the only published human trial, Spanish researchers directly
administered THC into glioblastoma multiforme cancer cells (this is a
highly aggressive brain tumor with a very poor prognosis) in terminal
patients and found it inhibited tumor cell proliferation without any adverse
side effects.123 A second trial still underway by a pharmaceutical company
in the UK has reported initial results: twenty-one adults with glioblastoma
multiforme were divided into a control group, receiving temozolomide
chemotherapy only, and a treatment group, receiving temozolomide in
combination with 1:1 CBD:THC (not whole plant). One-year survival for
the control group was 44 percent, while one-year survival for the chemo-
plus-cannabinoid group was 83 percent, with a median survival over 662
days, compared with 369 days in the control group.124 It is no surprise that
the company performing this important research filed a patent for this
combination treatment.

In states with legalized medical cannabis, many desperate cancer
patients are seeking cannabis to not only treat their symptoms but also
directly treat their cancers despite the lack of human clinical trials. There
are thousands of anecdotal reports of cancer patients using concentrated
cannabis oils containing THC, CBD, and other cannabinoids, reportedly
resulting in complete resolution of their cancers. Cannabis for cancer
treatment is not FDA-approved nor is it considered standard of care by



regulatory medical boards. However, patients who are not responding to
conventional cancer treatments are using it.

I cannot supply dosing information for treatment of cancer in this
book, as it is highly customized depending on the type of cancer, the
stage of cancer, concurrent chemotherapy or immunotherapy
treatments, and other important considerations. But some of my patients
have had incredible results. A number of them with advanced cancers who
were told they had only a few months to live are living months or years
beyond their prognosis with a good quality of life. I believe that cannabis
treatment can extend life in certain cases and may eliminate cancer when
given early in the course of the disease and in relatively high doses.
However, cannabis is not a magical medicine that kills cancer overnight.
The quickest I have seen evidence of tumor shrinkage presumed due to
cannabis is approximately two months after it was added to a patient’s
treatment. Unfortunately, a few patients who achieved remission with
cannabis, taken as the only treatment or added to conventional cancer
therapy, subsequently relapsed when they stopped taking the oil, even years
into remission. Because of this, I instruct patients that they may need to be
on cannabis oil for life, albeit at lower doses, if it was effective in helping
them achieve “no evidence of disease” status.

Although I am overjoyed when my cancer patients improve, as a
scientist I am quite frustrated by the lack of human studies. We must allow
clinical trials in humans in order to find answers to the very important
questions of dosage, duration of treatment, and which cannabinoids to take
for different cancers. All of these questions remain unanswered and
continue to be a roadblock to patients seeking lifesaving cannabis therapy.

Alexander’s Story

I wrote about Alexander’s battle with cancer in my previous book and
include it here, with an update.

Sixteen-year-old Alexander had been given only months to live when
his parents brought him in to see me in April of 2015. I had come in



on my day off, as my scheduler had notified me that this new patient
had no time to wait for an appointment. In a wheelchair, cachectic,
and wearing a brace around his neck for support after surgery to
remove a tumor in that area, Alexander had to be lifted by his father
and placed on the examination table. He had no energy, seemed quite
ill and frail, and while his parents said very little and appeared
extremely nervous, they were eager to know if cannabis might help
their son.

I learned that morning that Alexander had been diagnosed with
stage IV metastasized osteosarcoma (bone cancer) in early 2013
when he was thirteen years old. The path to diagnosis had been long
and frustrating. Alexander had complained of leg pain for months,
which his pediatrician had dismissed as “growing pains.” When a
lump appeared, he was finally sent to an oncologist, who diagnosed
him with the bone cancer that had already spread to his lungs.
Chemotherapy was started, and after a few months, he underwent
surgery to remove the tumor in his leg. In early 2014, all of his scans
were negative for cancer cells, but a few months later, a lung tumor
was discovered, and he underwent another surgery. His mother
shared with me that through all of this, Alexander remained “a
trouper,” and that while he had some down periods, he took
everything that was happening to him in stride. “He’s my hero,” she
said in a broken voice.

In January 2015, Alexander developed shoulder pain, and an MRI
revealed new tumors next to his spine. He underwent multiple
surgeries to remove these tumors and started having postoperative
fevers, which did not resolve. One month later, another MRI revealed
at least thirty metastatic lung tumors and another tumor next to the
spine. At this point, Alexander had constant high fevers, wasn’t
eating, and was vomiting all the time. He was taking multiple
narcotics for the near-constant pain. By April of 2015, when he came
to my office, his parents had been told to “put Alexander’s affairs in
order,” that he could expect to live for a few more months.

His parents had heard about cannabis oil from a friend, and they
asked Alexander’s oncologist about it. She was supportive and
referred the family to me. I explained that cannabis would help their



son with nausea, vomiting, appetite, and pain relief. I also explained
that laboratory and animal evidence in the scientific literature
showed both THC and CBD kill cancer cells and stop cancers from
growing and spreading, and that although human studies were
lacking, I had had some success treating cancer patients with high-
dose cannabis oil. I recommended a regimen of concentrated CBD
and THC oils, taken under the tongue. Alexander started the regimen
with low doses and titrated up to high doses over a period of a few
months. His mother later admitted to me that she thought there was
no way this tiny bit of oil could possibly help her son (although the
volume of oil was small, the milligram dosing was high). Within three
days, Alexander had perked up, and within a week, the fevers went
away and Alexander didn’t need to take nearly as many pain pills. He
also began eating and gained back some of the weight he had lost.
He had been on palliative doses of chemotherapy that were
ineffective, and as he improved, his oncologist increased the doses.
In July 2015, three months after starting the cannabis oil, Alexander
had four scans to check on the cancer, and to everyone’s surprise, his
scans showed no evidence of cancer anywhere in his body. Another
round of scans in November 2015 were also negative for cancer.

Update: Alexander is now twenty-one years old, and repeated
scans continue to be negative for cancer. Chemotherapy was
discontinued in February of 2016. Alexander takes both CBD and
THC in maintenance doses to this day.

Alexander’s story seems quite incredible, but there are a number of
reasons why I believe his cancer responded to cannabis treatment.
Studies have shown that osteosarcoma cells die when treated with
synthetic cannabinoids.125 Two additional studies in animals showed
that when cannabinoids are added to chemotherapies commonly used
for osteosarcoma, specifically doxorubicin and gemcitabine (both of
which are quite toxic and only somewhat effective), their
antiproliferative, antimetastatic, and antiangiogenic properties are
enhanced, meaning the cannabinoids and chemo work synergistically
to fight cancer by stopping cancer growth, inhibiting the spread of
cancer cells, and blocking the cancer’s ability to grow its own blood
vessels.126 We do not know if Alexander’s cancer responded to



cannabis alone or to the combination of chemo plus cannabis.
However, knowing that Alexander faced a certain death, and
knowing cannabis treatment is safe and nontoxic (certainly when
compared to the chemo and surgeries he endured), his parents and I
both felt that adding cannabis to his treatment regimen was worth
trying.

Chronic Pain and Neuropathy

Cannabis has been documented as an effective pain reliever for centuries.
Multiple surveys of medical cannabis patients report chronic pain to be one
of the main reasons for using cannabis. The majority of chronic pain
patients in these surveys were seeking an alternative to prescription
pharmaceuticals and had tried numerous other treatment modalities,
including physical therapy, surgery, acupuncture, and/or chiropractic
therapy, prior to seeking cannabis treatment.127

Over the last decade in my medical practice, I have treated thousands of
patients with arthritis, neuropathy, post-traumatic or post-surgical pain,
chronic back pain, and other pain conditions. Many are able to reduce or
discontinue use of pharmaceutical pain medications, including NSAIDs and
opiates. My patients report over and over that when pain is controlled, sleep
is better, anxiety is reduced, and functioning at home and at work is vastly
improved. Some patients use one cannabinoid product and others use
combinations of cannabinoids in order to achieve pain relief.

As mentioned in chapter 3, the National Academies of Sciences,
Engineering, and Medicine (NASEM) published in 2017 the report The
Health Effects of Cannabis and Cannabinoids: The Current State of
Evidence and Recommendations for Research. Sixteen experts reviewed
more than ten thousand of the most recent scientific articles, selecting those
of the best quality, to determine if cannabis is an effective medicine. The
committee concluded that “[i]n adults with chronic pain, patients who were
treated with cannabis or cannabinoids are more likely to experience a
clinically significant reduction in pain symptoms.”128

A 2015 review of the current scientific literature documented 2,454
chronic pain patients in twenty-eight different randomized controlled trials,



looking at fourteen studies of CBD+THC tincture (Sativex), four studies of
smoked THC, five studies of nabilone (synthetic single-molecule THC),
three studies of THC sublingual spray, two studies of dronabinol (another
synthetic single-molecule THC), one study of vaporized cannabis, one
study of oral THC, and one study of ajulemic acid (a synthetic cannabinoid
derivative of THC). Chronic pain conditions evaluated in these trials
included neuropathic pain, cancer pain, diabetic peripheral neuropathy,
fibromyalgia, HIV sensory neuropathy, pain from MS or other neurological
conditions, non-cancer pain, central pain, rheumatoid arthritis,
musculoskeletal problems, and chemotherapy-induced pain. This review
concluded that “the average number of patients who reported a reduction in
pain of at least 30 percent was greater with cannabinoids than with
placebo.” Eight of the trials (seven with Sativex and one with smoked
cannabis) reported that plant-derived cannabinoids were 40 percent more
likely to reduce pain than placebo.129

In 2017, German researchers reviewed sixteen studies with 1,750
participants experiencing chronic pain and concluded, “Cannabis-based
medicines may increase the number of people achieving 50 percent or
greater pain relief compared with placebo,” although those taking cannabis
had more mild to moderate side effects.130

There are numerous published surveys of outcomes from medical
cannabis patients suffering from chronic pain. These are retrospective
reports, not randomized controlled trials; however, collectively they show
that patients, when given legal access to medical cannabis, report
significant efficacy for treatment of pain, and often they are able to reduce
the use of other medications, including opiates. It is important to note that
patients in many of these locations do not have access to the variety of
different cannabinoid products available in California or Colorado, which
may have limited their ability to fine-tune their regimen. For instance, New
York State allows for only three types of cannabinoid ratios: high THC,
high CBD, and 1:1. Other cannabinoids and products that might provide
better efficacy, such as THCA or different CBD:THC ratios, may not have
been available to survey participants.

• In a 2016 survey of 374 approved medical cannabis patients in



Michigan, 185 patients who completed the survey were using
cannabis for relief of chronic pain. The authors of this report found
statistically significant decreases in medication side effects and in
total number of medications taken, including opioids. Many of the
respondents reported improvements in their quality of life.131

• A 2016 online survey of 1,429 medical cannabis users in 18 countries
(77.8 percent from the US, 61 percent with chronic pain) reported 86
percent had improvement in symptoms, with 25 percent substituting
cannabis for opiates.132

• A 2017 survey of 271 Canadian medical cannabis patients revealed
that 71 percent (186 patients) were able to substitute cannabis for
prescription drugs (63 percent), alcohol (25 percent), tobacco/nicotine
(12 percent), and illicit substances (3 percent). Overall, 32 percent
were able to substitute cannabis for opiates, 16 percent for
benzodiazepines, and 12 percent for antidepressants; and 257 of the
271 respondents reported cannabis to be very effective at relieving
symptoms. The researchers reported, “Our data suggested no
relationship between age, amount of cannabis used, mode of
administration, access or affordability on substitution effect.”133

• A 2017 survey in New Mexico compared thirty-seven habitual
opioid-using chronic pain patients approved for medical cannabis use
with twenty-nine non-approved patients, also using opioids, and
found that after twenty-one months, being enrolled in the cannabis
program was associated with 17.27 higher odds of ceasing opioids,
5.12 higher odds of reducing daily prescription opioid dosages, and a
47 percent reduction of daily opioid dosages. Survey responses found
statistically significant “improvements in pain reduction, quality of
life, social life, activity levels, and concentration, and few side effects
from using cannabis one year after enrollment.”134

• A 2018 report from the Cannabis Clinical Research Institute and the
Institute for Drug Research, both in Israel, reviewed the use of
medical cannabis in 901 elderly patients (over sixty-five years old)
spanning a period of almost three years. They found 93.7 percent of



respondents reported improvement in their condition, with a pain
reduction from a median of “8 out of 10” to “4 out of 10.” After six
months, 18.1 percent were able to discontinue or reduce their use of
opioid-based medications.135

• In a 2019 report of 204 elderly medical cannabis patients (over
seventy-five years of age) in New York, 69 percent reported benefits,
with 49 percent reporting improvement in chronic pain, 18 percent
reporting improvement in sleep, 15 percent reporting improvement in
neuropathy, and 10 percent reporting improvement in anxiety.
Opioids were reduced in 32 percent of respondents. Adverse effects
were initially reported in 34 percent, but once they changed dosing or
product, only 13 percent reported side effects. Overall, 3.4 percent
(seven patients) discontinued due to unwanted side effects.136

• A 2020 retrospective cohort study from a cannabis medical practice in
California followed 180 patients with chronic lower back pain from
one to eleven years, finding 50.8 percent were able to stop all opioid
use. Of the twenty-nine patients who did not stop opioids, nine were
able to reduce opioid use, three had no change, and seventeen
increased their usage. Of all the patients, 48 percent subjectively felt
cannabis helped them mitigate their opioid intake.137

What about using cannabinoids and opiates together? It appears that
cannabinoid receptors and opioid receptors interact with each other, and the
combination of these compounds is effective for analgesia while at the same
time reducing the dangerous, and potentially deadly, side effects of opioids.
As one author wrote, “A combination of low dose analgesics devoid of
undesirable side effects would be ideal to replace high dose analgesics that
cause unnecessary sedation, respiratory depression and constipation.”138

Here are some recent findings from research investigating the interaction
of cannabinoids and opioids:

• Multiple animal models document that cannabinoids enhance the
pain-reducing effects of opioids, and vice versa.139



• In a rare human clinical trial of whole-plant cannabis performed at the
University of California, San Francisco, twenty-one participants with
chronic pain who were on morphine or oxycodone were given inhaled
cannabis. Results showed the addition of cannabis did not increase the
levels of opiates in the bloodstream (thereby no increase in the risk of
overdose), but pain was significantly reduced. The researchers
concluded that “vaporized cannabis augments the analgesic effects of
opioids without significantly altering plasma opioid levels. The
combination may allow for opioid treatment at lower doses with
fewer side effects.”140 (This was an unusual study in that federal
government agencies approved and allowed these patients to vaporize
cannabis flowers in a hospital setting.)

• Healthy volunteers subjected to pain stimulus were given four
different combinations of medications: THC and morphine, placebo
and THC, placebo and morphine, or placebo and placebo. While
neither drug was effective with placebo, the combination of THC and
morphine revealed a synergistic analgesic effect.141

• Another recent study looking at the combination of gabapentin, a
commonly used pharmaceutical for neuropathic pain, revealed the
combination in mice of this drug with THC showed synergistic
enhancement of pain relief.142

Patients with pain primarily from inflammatory conditions can find
relief from all of the different categories of phytocannabinoids. Depending
on someone’s access to products, I recommend starting with high-ratio
CBD:THC products or sometimes the raw cannabinoids THCA and/or
CBDA. Using the “Rule it in or rule it out” method, patients start with a low
dose and increase to reach the desired effects, understanding that they may
need to either switch to another cannabinoid if the first product isn’t
working or add a second product to the first to enhance the effects. Some
patients will take a higher CBD:THC ratio during the day to control
daytime pain and a higher THC product at night to help promote sleep. It is
important to note that THC has been shown to have twenty times the anti-
inflammatory potency of aspirin and two times the anti-inflammatory



potency of hydrocortisone, so it should not be left out or ignored if other
phytocannabinoids are not fully effective.143

Patients with nerve-based pain (neuropathy) appear to benefit from the
combination of CBD and THC in a 1:1 ratio, although some report 2:1 or
4:1 to be more beneficial. Raw cannabinoids may also help these patients.
As previously mentioned, each person must use trial and error to find his or
her “sweet spot” where symptoms improve or abate.

June’s Story

At seventy-seven years of age, June was reluctant and fearful to try
cannabis. She came to see me with her adult son, who was concerned
about her daily opiate use. After years of being quite active, she
started having back and neck pain about fifteen years previously, and
it was getting worse, interfering with her sleep and her ability to be
independent. She had tried multiple different treatments over the
years with little or no success. Her son had become frustrated that
she was growing increasingly less mobile and had brought up the
idea of trying cannabis. June confessed to being a product of the
Reefer Madness generation, telling me she always thought marijuana
was dangerous.

After explaining how phytocannabinoids might help her, and that
she could try products that would not be intoxicating, she still
seemed skeptical but was willing to try a high-ratio CBD:THC
tincture. I explained to her that it would take time for the oil to
correct the inflammation and imbalance she had been living with and
to not give up too soon. She joked that since she had no expectations
for it to be effective, she wouldn’t be disappointed when it didn’t help.
June began with 10 milligrams CBD twice a day of a 25:1 CBD:THC
tincture, increasing the dose in 10-milligram increments every four to
seven days. Her son reported she initially had complained to him that
the oil “wasn’t doing anything,” but by day 21, her family noted she
was more active and complaining less of pain. By eight weeks, she
had found significant reduction of pain and was able to cut back on



her opiate use by 30 percent. She also reported improved sleep since
pain was no longer waking her. By her one-year follow-up
appointment, she had discontinued the opiates, using them only as
needed on a bad day. She reported better mobility and was even able
to start exercising again, joining friends for a daily walk. Her current
regimen consists of a 25:1 CBD:THC oil, 50 milligrams in the
morning with breakfast and another 50 milligrams with dinner.

Diabetes

Diabetes is a group of metabolic and autoimmune diseases that result in
high blood sugar. Type 1 diabetes mellitus (DM)—sometimes called
juvenile diabetes or insulin-dependent diabetes—occurs when the cells in
the pancreas responsible for making insulin (the hormone that balances
glucose levels) are destroyed by the body’s own immune system. Type 2
DM occurs when insulin is produced but not used properly; this is also
called insulin resistance. Patients with type 1 DM require insulin to survive.
Type 2 DM, which is newly thought to be due to autoimmune mechanisms,
can be controlled with dietary changes, oral medications, and sometimes
insulin.144 High blood sugar from either type of diabetes can result in severe
organ damage, including blindness, kidney damage, nerve damage, and
cardiovascular disease.

Type 1 Diabetes

Type 1 diabetes usually results from a genetic predisposition to immune
dysfunction combined with an environmental trigger, most commonly a
viral infection. Once triggered, the major components of the inflammatory
system destroy pancreatic cells that produce insulin. You have already
learned that the cannabis plant contains numerous anti-inflammatory
compounds. Researchers have sought to understand if cannabinoid
compounds may prevent and/or delay progression of insulin-dependent
diabetes. A number of studies in mice have shown promising results:



• In an experimental model of mice with autoimmune diabetes, THC
caused a reduction of high blood sugar and decreased the loss of
insulin by suppressing the severity of the autoimmune response.145

• In a study of nonobese diabetic mice (an experimental model for type
1 diabetes), the development of diabetes was prevented when the
mice were given CBD.146

• Mice with initial symptoms of diabetes that were given CBD had no
progression of disease, had suppression of pro-inflammatory
response, and had an increased anti-inflammatory response.147

• CBD significantly reduced heart-muscle dysfunction, inflammation,
and heart-cell death in a mouse model of type 1 diabetes.148

Type 2 Diabetes

Research on the roles of the endocannabinoid system and
phytocannabinoids as they relate to type 2 DM is ongoing, as it is
complicated and sometimes contradictory. Yet some studies show that
people who use cannabis may be at lower risk of developing type 2 DM:

• Cannabis smoking was found to possibly be protective, due to its anti-
inflammatory properties, against the development of diabetes in a
review of eight studies.149

• In a study sample of 579 cannabis users and 1,975 nonusers, cannabis
use was associated with lower levels of fasting insulin, lower insulin
resistance, and smaller waist size.150

• Cannabis users were found to have lower risk of diabetes than
nonusers in a study of 10,896 adults.151

When obesity is present, however, the endocannabinoid system has been
shown to be overactive with increased levels of endocannabinoids.
Increased endocannabinoids lead to increased hunger, which worsens
obesity, leading to more endocannabinoid release, triggering more hunger,
creating a vicious cycle. This was the idea behind the drug rimonabant
(mentioned in chapter 2), which works to block the CB1 receptor, turning



off hunger. This drug had intolerable side effects, but many researchers are
still working on the idea of blocking the CB1 receptor to not only reduce
appetite but also halt the vicious cycle of endocannabinoid system
overactivity.

The phytocannabinoid THCV, acting as a CB1 receptor neutral
antagonist (meaning it blocks the receptor, reducing the binding of
endocannabinoids or THC), improved glucose tolerance and increased
insulin sensitivity in dietary-influenced and genetically obese mice. It also
helped insulin to work better in certain cells.152

Some of my patients with type 1 diabetes anecdotally report better
control of their glucose levels when they use cannabis. Some prefer a
regimen containing THC only, and some prefer a combination CBD+THC
in varying ratios. None have reported a worsening of blood-glucose levels
with cannabis use. Given the promising benefits of CBD in the studies on
mice with type 1 DM, clinical trials in newly diagnosed humans is certainly
warranted.

Some patients with type 2 DM report using cannabis for other
conditions, such as chronic pain, sleep issues, anxiety, or arthritis. They
state they have greater control of their glucose levels, less pain, and better
sleep, allowing them to exercise more, which helps their diabetes. This
outcome from cannabis use—reduced stress and better choices leading to a
healthier lifestyle—is one that I hear over and over in my medical practice.
I encourage all of my patients to include CBD in their medication regimen
if possible, as its anti-inflammatory and antioxidant effects are potentially
very important in prevention of complications from diabetes. THCV is
newly available to patients, and my hope is that it will help those with
obesity and/or type 2 DM to lose weight and restore a healthier metabolism.

Epilepsy

Epilepsy is a broad term for a group of conditions characterized by seizures.
There are over forty different types of epilepsy and many different types of
seizures. The mainstay of treatment is antiepileptic drugs (AEDs). Other
treatments include a restrictive high-fat diet (called the ketogenic diet), a



vagal nerve stimulator (a pacemaker-like device implanted in the chest that
sends a signal to disrupt the firing of the vagus nerve), and brain surgery to
remove the brain tissue that may be causing the seizures.

Approximately 47 to 50 percent of patients with epilepsy will respond to
the first AED that is prescribed. Of those who do not respond to the first
AED, only 13 percent will respond to the second AED, and fewer than 4
percent will respond to the third AED. This means that despite numerous
new antiepileptic medications hitting the market every year, approximately
33 percent of these patients still do not achieve seizure control.153

A seizure is defined as “clinical manifestation of a hyperexcitable
neuronal network, in which the electrical balance underlying normal
neuronal activity is pathologically altered—excitation predominates over
inhibition.”154 The goal of AEDs is to stop seizures by enhancing inhibition
or by opposing excitation of the neuronal activity. Unfortunately for a
significant portion of the population suffering from seizures, these
medications may not be effective and often have severe adverse side effects.
The diagnosis of intractable epilepsy is made if disabling seizures continue
despite appropriate trials of two antiseizure drugs, either alone or in
combination. Other terms used for this condition are refractory epilepsy,
pharmacoresistant epilepsy, and treatment-resistant epilepsy (TRE).

As you have learned, the endocannabinoid system works by sending
messages to maintain or restore homeostasis. In simple terms, it balances
cells by regulating the neurotransmitters, specifically sending messages to
neurons to decrease excitation and promote inhibition. There is compelling
scientific evidence to suggest that dysfunction of the endocannabinoid
system plays a critical role in the development of seizures:

• In a 2003 study, THC completely aborted seizures in a rat model of
epilepsy. When the CB1 receptor was blocked, it resulted in increased
seizure duration and frequency. Researchers concluded that the
endocannabinoid system modulated seizure activity.155

• In another study, blocking CB1 receptors in a laboratory epilepsy
model resulted in status epilepticus (continuous long-lasting difficult-
to-stop seizures).156



• Evaluation of surgically removed epileptic human brain tissue
showed a 60 percent reduction of one of the enzymes required to
make the endocannabinoid 2-AG and downregulation of the
cannabinoid receptor mRNA; the authors concluded that the
“neuroprotective machinery involving endocannabinoids is impaired
in epileptic human hippocampus.”157

• Cerebrospinal fluid levels of endocannabinoids were found to be
reduced in patients with untreated, newly diagnosed temporal-lobe
epilepsy.158

THC as an Antiepileptic

In a review of thirty-one animal studies investigating the antiepileptic
effects of different doses of THC, THC was anticonvulsant in 61 percent of
the subjects, had no effect in 29 percent of the subjects, and was a
proconvulsant (caused seizures) in 10 percent of the subjects.159 The
proconvulsant outcome was often due to very high doses, which medical
cannabis patients do not (and should not) take. Many adults with epilepsy
report that inhaled THC controls their seizures. Some are on AEDs and
some are not. It is difficult to make any generalizations from these patients’
experiences since they may have different types of seizures, different EEG
results, and different AED regimens. However, use of THC on a daily basis
for seizure control can be quite difficult for those who dislike the
intoxicating effects. Another issue is the potential development of THC
tolerance to the anticonvulsant effects, not ideal when trying to control a
serious seizure disorder. Of note, in two separate instances two of my adult
patients who had never had seizures before reported to me they experienced
seizures after inadvertently overdosing on THC-rich cannabis edibles. Both
patients, who were experienced users of THC, ate an entire THC-rich candy
bar that, unbeknownst to them, contained high amounts of THC
(approximately 180 milligrams). Each patient reported having a grand mal
seizure they had never experienced before nor had experienced since. Both
patients recovered quickly but were rightfully frightened by the experience.
Although the amount of THC these patients ingested clearly represents a
THC overdose, and is certainly not recommended dosing, this shows that



THC may have proconvulsant effects in humans at high doses. Despite
these concerns, some of my pediatric patients using CBD or THCA whole-
plant products have benefited from the addition of low-dose THC to their
cannabis regimen, with the added reduction of seizures. Doses are kept
quite low, well under the patients’ “ceiling dose,” where intoxication can
occur.

CBD as an Antiepileptic

Scientific studies documenting the antiepileptic action of cannabis in
humans are limited. Importantly, CBD has been found to show
anticonvulsant activity in almost all animal research. With the recent
barrage of media attention on medical cannabis, and specifically on CBD
use in pediatric epilepsy, researchers have focused on CBD-rich treatment
as a viable option for patients with intractable epilepsy. Here is a review of
the published studies, listed chronologically. As you can see, interest in
CBD treatment for epilepsy in humans has spiked in the last decade:

• In 1978, nine patients with intractable epilepsy were randomized to
treatment with CBD vs. placebo. Two of four patients receiving CBD
achieved seizure freedom, and none of the five placebo patients
reported improvement; no adverse side effects were reported.160

• In 1980, sixteen patients with refractory seizures were randomized to
receive CBD vs. placebo. Three of the CBD patients were seizure-
free, with four reporting improvement; of the placebo group, one
reported improvement and seven reported no change.161

• In 1986, twelve adults with intractable seizures received either CBD
or placebo; no benefits were reported.162

• In 1990, twelve adults with intractable seizures received either CBD
or placebo; some reduction of seizures with CBD was seen but it was
not statistically significant, and no side effects were reported.163

• In 2005, there was an open study of eighteen pediatric patients with
refractory epilepsy treated with CBD. “[I]n most of the treated
children an improvement of the crises was obtained equal to or higher



than 25% in spite of the low CBD doses administered.” There was
clear improvement of consciousness and spasticity; no side effects
were reported.164

• In 2013, Stanford researchers surveyed the parents of nineteen
children with intractable epilepsy who used CBD-rich whole-plant
extract. Results showed 11 percent became seizure-free, 42 percent
reported a greater than 80 percent reduction in seizure frequency, and
32 percent reported a 25 to 60 percent seizure reduction, with
beneficial side effects of better sleep, improved alertness, and better
mood, and the only adverse side effect of drowsiness.165

• In 2013, two Colorado neurologists presented a survey of eleven
patients using CBD-rich oil in which all patients reported a reduction
in seizures, with 73 percent reporting a 98 to 100 percent reduction; at
three months of treatment, 45 percent were seizure-free. The oil was
well tolerated by all patients.166

• In 2015, pediatric neurologists at UCLA Medical Center performed a
survey of 117 parents of children with severe refractory epilepsy who
were using CBD-rich oil. Of those parents, 85 percent reported the
frequency of seizures had been decreased and 14 percent had
achieved seizure freedom. The only adverse side effect reported was
increased appetite, but beneficial side effects were improved sleep,
mood, and alertness.167

• In 2016, Israeli researchers reported on CBD use in seventy-four
children with intractable epilepsy: 89 percent had a reduction in
seizure frequency, with 52 percent having more than a 50 percent
reduction; one patient became seizure-free. Benefits included
improvements in behavior, alertness, language, communication,
motor skills, and sleep. Adverse effects included somnolence, fatigue,
gastrointestinal disturbance, and irritability.168

• In 2017, I co-authored an article with cannabis specialist Dustin
Sulak, DO, from Maine and pediatric neurologist Russell Saneto,
MD, from Washington State, documenting results of our combined
experiences treating children with epilepsy with CBD-rich whole-



plant oil. Overall, we saw that 86 percent had a seizure reduction,
with 10 percent reporting seizure freedom.169

• In 2018, researchers at Vanderbilt University compared 108 patients
receiving CBD without clobazam (seizure medication), CBD with
clobazam, and clobazam without CBD. They reported that the
addition of CBD to clobazam resulted in 39 percent of patients having
a more than 50 percent reduction in seizures, with 10 percent
reporting seizure freedom.170

In 2018, the FDA for the first time approved a cannabis-plant-derived
medication, called Epidiolex, for Dravet syndrome and Lennox-Gastaut
syndrome (LGS), two devastating pediatric epilepsies. It is 99 percent CBD
with less than 1 percent THC, mixed in sesame oil, dehydrated alcohol,
sucralose, and strawberry flavoring. It was subsequently categorized as a
Schedule V controlled substance despite the fact that all other plant-derived
CBD is still in the Schedule I category. Studies on Epidiolex reported
children with LGS had a median percent reduction in drop seizures of 41.9
percent in those taking 20 milligrams per kilogram daily and 37.2 percent in
those taking 10 milligrams per kilogram daily.171 For those with Dravet
syndrome, 43 percent of patients had at least a 50 percent reduction of
convulsive seizures compared to 27 percent with placebo.172 Epidiolex
appears to have more side effects than whole-plant oil, likely because
higher doses are needed (since it is 99 percent CBD, it lacks the entourage
effect, which allows for lower CBD dosing). One of the side effects seen in
Epidiolex that I have not seen in any of my patients on whole-plant oil is
reversible elevation of liver enzymes when there is concurrent use of a drug
called valproic acid. This too may be due to the higher dosing often
required when CBD is used as a single compound.

How CBD Reduces Seizures

The mechanisms by which CBD reduces or prevents seizures is not fully
understood. Research on this continues in many parts of the world.
Remember that CBD targets many different receptors, ion channels,
enzymes, and chemical transporters, so there are likely multiple sites in the



brain contributing to the antiseizure effects. The following list is what
scientists know so far about CBD’s antiseizure mechanisms of action
(discussed in detail in chapter 4):

• CBD increases our endocannabinoid levels, which in turn decreases
excitatory neurotransmitters and increases inhibitory (calming)
neurotransmitters, leading to a calmer brain and helping to restore
homeostasis in endocannabinoid deficiency states.

• CBD modulates the flow of ions (such as calcium and potassium) in
neurons, which reduces the excitability of neurons, thereby calming
the brain.

• CBD blocks the GPR55 receptor, which results in fewer excitatory
neurotransmitters and more of the inhibitory, or calming,
neurotransmitters.

• CBD decreases neuroinflammation and is neuroprotective.

Inflammation of the brain, called “neuroinflammation,” has been
extensively researched over the last two decades, as both a cause of and a
result of recurrent seizure activity.173 The presence of neuroinflammation
predisposes the brain to more seizures. Seizure-related inflammation may
contribute to cell death. CBD is a unique compound in that it provides both
anticonvulsant and anti-inflammatory effects. This dual action may be why
many epilepsy patients appear to have cognitive improvement in addition to
an antiepileptic effect. Moreover, many of the CBD-rich chemovars
available on the market also contain the terpenoid beta-caryophyllene,
which has potent anti-inflammatory properties and is synergistic with CBD
in its anti-inflammatory effects.174

CBD as a Neuroprotectant and Stimulator of New Brain Cell
Growth

CBD acts as a neuroprotective agent.175 “Neuroprotection” refers to the
preservation of nerve cells, either by mechanisms that prevent cell damage
or by slowing the progression of damage or disease. The mechanism by



which CBD protects the brain is not completely understood, but it is
thought to be due to CBD’s effect on maintaining homeostasis of the flow
of calcium in brain cells.176

CBD also stimulates neurogenesis, the growth of new brain cells,
especially in the part of the brain called the hippocampus.177 The
hippocampus is responsible for memory, spatial navigation, and emotional
response, and this area of the brain is often where seizures originate. It can
sustain severe damage from repeated seizures, but CBD appears to play a
protective and restorative role here. More research is needed; however,
these properties of CBD make it a unique compound with a preponderance
of promising medicinal effects.

CBD Interactions with AEDs

It is crucial that patients who take AEDs understand the possible drug–drug
interactions with CBD. Patients on AEDs should be medically supervised
when adding cannabis to their medication regimen. CBD is metabolized
in the liver by the enzyme system cytochrome P450 (discussed in chapter
5). Because many AEDs are also metabolized in this system, drug–drug
interactions may occur if both CBD and certain AEDs are present in the
body at the same time. Since Epidiolex went through the process of FDA
approval, we are able to use the data on drug–drug interactions from these
human clinical trials to understand how CBD and AEDs interact.

• Thirty-four children with Dravet syndrome underwent laboratory
testing of AED levels before beginning CBD as well as after four
weeks on CBD. Results revealed an increase in the clobazam
metabolite N-desmethylclobazam (which can cause sedation). There
were no changes in levels of valproate (brand name Depakote),
levetiracetam (brand name Keppra), topiramate (brand name
Topamax), or stiripentol (brand name Diacomit). Additionally, six
patients on both CBD and valproate had elevated liver enzymes
normalized after valproate dosing was adjusted.178

• Another investigation of drug–drug interactions from the Epidiolex
trials reported on thirty-nine adults and forty-two children who had



AED drug levels tested before and after adding CBD to their
medication regimen. As CBD dosing increased, increases in
topiramate, rufinamide (brand name Banzel), and N-
desmethylclobazam were seen. In adults, zonisamide (brand name
Zonegran) and eslicarbazepine acetate (brand name Aptiom) were
increased with increasing doses of CBD. Importantly, all changes
were within the therapeutic range. Liver enzymes were significantly
elevated in those taking both Epidiolex and valproate. The study’s
authors noted that four children who discontinued both valproate and
CBD due to elevated liver enzymes and then tried CBD a second time
without the concurrent use of valproate did not have any repeat
abnormalities in these blood tests.179

In my medical practice, hundreds of pediatric patients who have
intractable epilepsy have experienced benefits with whole-plant tested
CBD-rich oil, taken either sublingually, orally, or via a feeding tube. Parents
and patients report a reduction of seizures, improved alertness, improved
memory, better mood, better sleep, better appetite, improved motor skills,
improved social interaction, and less use of AEDs. Unfortunately, only
about 10 percent of these patients achieve seizure freedom, but there is still
a significant portion who obtain a life-changing reduction of seizures.
Despite all of these therapeutic benefits, it is important to acknowledge that
the addition of CBD to a medication regimen containing other AEDs can be
challenging and should be medically supervised. I cannot supply dosing
information for the treatment of epilepsy since it must be customized to
the patient’s specific situation and should be medically supervised.

Olivia’s Story

Little Olivia came to see me in early 2014. She had been born with a
brain malformation, thought to be due to a stroke that occurred while
in utero. She started having seizures at a very young age and was
eventually diagnosed with infantile spasms, a serious seizure



disorder that occurs in babies and young children. She struggled
with as many as forty seizures daily despite trials of multiple
antiseizure medications. This condition has a poor prognosis, with 60
percent of children with infantile spasms going on to have other
serious seizure disorders later in life.

Concerned about Olivia’s quality of life, her parents had heard
about CBD and were desperate to try it since nothing else was
helping her. At the time of Olivia’s first appointment, there were only
two CBD-rich products available in California. I started her on a
low dose and instructed the parents to email me every two weeks with
an update, which her father did like clockwork. We slowly increased
the CBD dosing, and within two months, she was having only one
seizure every five days. With the neurologist’s permission, she began
weaning off one of the two antiseizure pharmaceuticals. We
continued to increase her CBD dosing, and six months into CBD
treatment, she was averaging one seizure every twenty days. Her
parents reported she was also starting to be more alert and aware of
her surroundings.

Olivia stopped having seizures in early 2015, was weaned off both
seizure medications, and continues to have improvements in
development. She has remained on the same CBD oil, albeit with
dosing adjustments to keep up with her growth, from the beginning of
her cannabis journey. Her parents report she loves school, is more
interactive, and has a quality of life that has surpassed the terrible
prognosis they were given when she was just a baby.

Fibromyalgia

Fibromyalgia is a chronic debilitating condition that includes symptoms of
diffuse pain, sleep disturbance, migraine headaches, fatigue, joint pain, and
irritable-bowel-type symptoms. Patients may have all or just some of these
symptoms, but it appears that all patients with this condition suffer a
heightened perception of pain, thought to be due to abnormal processing of
pain signals in the central nervous system. This is called “central
sensitization,” in which the nervous system is in a state of high reactivity.



Overlap with other chronic pain conditions has been observed that include
chronic fatigue, irritable bowel syndrome, chronic pelvic pain, and daily
headaches. Anxiety, depression, and disturbed sleep often accompany these
painful symptoms. The mainstay of treatment is medication, primarily pain
relievers, such as NSAIDs and opiates, antidepressants, antiepileptics, and
often muscle relaxants and sleep aids.

As discussed in chapter 2, an endocannabinoid deficiency/dysregulation
has been hypothesized as a possible underlying cause of fibromyalgia.
Studies have not proven this theory, but research shows abnormal
endocannabinoid levels, specifically higher levels of anandamide, in
patients with fibromyalgia.180 There is also evidence that fibromyalgia
patients have increased levels of glutamate, an excitatory neurotransmitter
that can cause inflammation and damage when it accumulates.181 The
endocannabinoid system helps to regulate glutamate and reduces its build
up. Fibromyalgia patients have been found to have higher blood levels of
pro-inflammatory compounds, which indicates abnormal inflammation may
also play a role.182 Remember that the endocannabinoid system is deeply
involved in controlling inflammation in the brain and body.

Several studies have investigated the efficacy of cannabinoid treatment
in fibromyalgia patients:

• In a small study of fibromyalgia patients who received daily doses of
synthetic THC and no other pain medications, a subset of patients
reported a significant reduction in daily pain.183

• The synthetic cannabinoid nabilone improved symptoms in forty
patients with fibromyalgia in a randomized, double-blind, placebo-
controlled trial.184

• A recent study from Spain reported that fibromyalgia patients who
used cannabis had a statistically significant reduction in pain and
stiffness, enhancement of relaxation, and improved sleep, with an
increased feeling of well-being.185

I have evaluated many patients with fibromyalgia, most sharing that
conventional medications are not effective and often cause side effects that



make them feel worse. These patients report cannabis reduces pain and
inflammation, improves mood, and promotes sleep.

I recently asked a number of my patients with fibromyalgia to list their
cannabis medication regimens in an effort to see what they were finding to
be helpful for their fibromyalgia. As you can see in the following list, some
are on low doses, some are on high doses, some are using only one or two
cannabinoids, and some are combining them. Each patient went through the
“Rule it in or rule it out” method, starting with a low dose of one product,
increasing the dose, looking for efficacy, and keeping it in the regimen if it
helped, discontinuing if it didn’t. They then tried a second cannabinoid or
product, following the same process. Here are some of their reports:

• “I take 50 milligrams of CBD in the morning and afternoon, and take
a 5-milligram THC gummy at night.”

• “I take a tincture that contains CBD, THC, CBDA, and THCA twice a
day. The total CBD is about 5 milligrams, the THC is 1 milligram,
and the CBDA and THCA are both also 5 milligrams. I also rub
topical 1:1 CBD:THC onto painful areas as needed. If I have trouble
sleeping, I take THC through a vaporizer.”

• “I only use THC, low dose in the morning (2.5 milligrams mint) that
doesn’t make me high, and then I smoke THC before sleep.”

• “I had been using a tincture with a 4:1 ratio for the last two years, but
then I added in a CBG tincture. I think it is helping with my mood
and inflammation.”

• “I am taking CBD oil, 100 milligrams, just at night. It has helped with
pain and sleep.”

Karen’s Story

Karen started having what she called “strange pains” ten years ago.
She consulted her family practitioner, who told her it was early
arthritis and recommended over-the-counter anti-inflammatory



medications. She followed this advice, but the pain relief was
incomplete and short-lived. Visiting her physician again, she was
referred to a rheumatologist, who diagnosed her with fibromyalgia
and gave her a prescription for pregabalin (brand name Lyrica).
Despite her reluctance to take prescription medication, she decided
to give it a try. After experiencing severe dizziness that caused her to
have to lie down for hours after only two doses, she stopped taking it.

When we met for the first time, Karen shared with me her
nervousness about medical cannabis. She was worried that people
might find out and think she was a “pothead,” especially since she
was a licensed realtor. She also told me that it was becoming more
and more difficult to maintain the pace of her busy life. She said
some days she would get her teenage girls off to school, and rather
than go to her office, she would go back to bed. This was making her
depressed and anxious, and she worried that her future would be
filled with overwhelming pain and disability. She admitted to feeling
desperate to find something that would help. I educated her about the
endocannabinoid system and the theory that fibromyalgia may be
due to a dysfunction in this system, possibly the underlying cause of
her pain. Once she heard this, she was eager to try cannabis.

Karen started with high-ratio CBD:THC sublingual oil. She found
only slight relief, so we added THC in a separate tincture, with the
goal of customizing the CBD:THC ratio. After a few weeks of dosing
adjustments, she found the combination of 50 milligrams CBD and 6
milligrams THC taken together in the morning helped reduce pain
with no unwanted side effects. This works out to a CBD:THC ratio of
about 8:1. She sometimes takes 5 milligrams of the THC tincture by
itself at night to help with sleep and pain.

During a recent visit, we discussed using the raw cannabinoids
THCA and CBDA to help reduce inflammation further. She added
them to her regimen and reported back to me that she felt the
combination of the various cannabinoids has reduced her pain even
more, noticing that she has fewer days when pain bothers her. She
also reported that her mood is better and her energy is back. She said
she no longer has to go back to bed after taking her girls to school.
She recently wrote in an email to me, “Although I still have fibro, I



am managing it. I still haven’t told anyone that I am taking these oils,
but my friends and even my girls notice I am better. I guess one day I
will have to let them know.”

It is unfortunate that patients still worry about the stigma of
cannabis use. Undoing years of propaganda is difficult, but I am
hopeful that recent scientific investigations documenting
endocannabinoid-related illnesses will finally help to reverse the idea
that medical cannabis patients are “potheads.”

Gastrointestinal Disorders

Gastrointestinal (GI) illnesses are a frequent reason for using medical
cannabis. These conditions include gastroesophageal reflux disease
(GERD), two inflammatory bowel diseases—Crohn’s disease and ulcerative
colitis—and irritable bowel syndrome (IBS).

The gut has two main functions, namely digestion of food and host
defense, protecting us from foreign invaders like bacteria and viruses.186

The endocannabinoid system, which is widely distributed throughout the
gastrointestinal system, is a key player in keeping these two important
functions regulated. It is found in the gut’s nerves and in the cells of the
immune system, working to maintain homeostasis of gastric motility (the
muscular contractions that work to move food through the bowel), intestinal
pain signaling, intestinal inflammation, and maintenance of the barrier of
the gut lining.

The nerves in the gut are called the enteric nervous system, sometimes
called the “second brain.” CB1 and CB2 receptors are found throughout
these nerves. All disorders of the gut are thought to involve the enteric
nervous system, making these receptors an attractive target for treatment
when illness is present. Scientists have found that the number of
cannabinoid receptors can increase (upregulate) in certain intestinal
illnesses, indicating that the endocannabinoid system is mounting a
response to try to restore balance.187 In addition to cannabinoid receptors,
other receptors, such as PPARs, GPR55, and TRPV1, are found throughout
the gut and are involved in intestinal inflammation and pain. Since



cannabinoids interact with these receptors, they too are therapeutic targets
for treatment by anyone using cannabis medicine for gastrointestinal
disorders.

Almost 80 percent of your immune system resides in the gut. The
endocannabinoid system, including the CB2 receptors, is also present in
these immune cells, ready to go into action to decrease inflammation when
needed. However, if your endocannabinoid system is not working properly,
it may not be able to mount the appropriate response to these triggers,
leading to chronic intestinal symptoms.

Interestingly, people who have a mutation in the gene coding for one of
the endocannabinoid system components are more likely to have IBS and
chronic abdominal pain, evidence that endocannabinoid dysfunction may be
one of the root causes of gut disorders.188

Gastroesophageal Reflux

GERD is very common, affecting 20 percent of all adults. GERD occurs
when the stomach contents flow backward into the esophagus, causing
symptoms of heartburn, chest pain, difficulty swallowing, and/or a
sensation of a lump in the throat. GERD is often treated with medications;
however, there are reports of possible increased risk of dementia and cancer
from these drugs. Other interventions include altering the diet, remaining
upright after meals, losing weight, and stopping tobacco use.

Animal studies showed that cannabinoid stimulation of the CB1 receptor
inhibited acid secretion and decreased damage and inflammation in the
lining of the stomach.189 Another animal study showed that cannabinoid
activation of the CB1 receptor kept the lower esophageal sphincter (the
“gate” between the esophagus and stomach that works to keep stomach
contents from flowing back into the esophagus) from relaxing, thereby
decreasing reflux.190 In one human study, synthetic THC given to healthy
volunteers was shown to decrease the reflux rate (although there were
issues in the study since the dose was very high and caused side effects).191

It is clear that more research is needed to understand the role of cannabis in
the treatment of GERD.

Clinically, some medical cannabis patients with GERD report benefits,



although some do not. (As with all conditions, it is unclear as to exactly
why some patients respond to cannabis and others do not.) Anecdotal
reports from positive responders state they have fewer episodes of
heartburn, and if they have an episode, taking cannabis decreases their
discomfort. Most patients finding benefits are including some THC in their
cannabis regimen, as this seems to be the cannabinoid most helpful for
GERD, at least anecdotally. Some patients report a low-ratio CBD:THC
product (such as 1:1, 2:1, or 4:1) helps decrease GERD symptoms with less
intoxicating effects compared to THC-only products. Two terpenes,
limonene and terpinolene, may also be beneficial for GERD symptoms.

Inflammatory Bowel Disease

IBD is a general term that refers to chronic inflammation of the bowel. The
two main IBD conditions are Crohn’s disease and ulcerative colitis. The
Centers for Disease Control reports approximately three million adults were
diagnosed with IBD in 2015, up from two million diagnosed in 1999. The
exact cause of IBD is unknown, but recent scientific investigation reports
the changes in the gut are due to “uncontrolled activation of intestinal
immune cells in a genetically susceptible host.”192 Remember that immune
cells are regulated by the endocannabinoid system, suggesting that
endocannabinoid dysfunction may be a root cause of IBD and may serve as
a therapeutic target.

Crohn’s disease can affect any part of the gut but most commonly the
small intestine, causing inflammation, ulcers, pain, bleeding, diarrhea, and
weight loss. Ulcerative colitis is a chronic inflammatory condition affecting
the large intestine, causing symptoms similar to Crohn’s. Both conditions
are associated with an increased risk of colorectal cancer. According to a
recent article, “current therapeutic options are insufficient for a successful
treatment leading to a high rate of disability and intestinal surgery in IBD
patients.”193

Activation of the CB1 and CB2 receptors in animal models of colitis
reduces inflammation.194 In a review of fifty-one scientific studies on
cannabinoid treatment of colitis (only two were in humans), twenty-four
different compounds, including synthetic cannabinoids as well as THC,
CBD, and CBG, were found to be effective in reducing the severity of



colitis.195

Studies done in a number of different countries show about 10 to 12
percent of people with IBD are using cannabis to treat their symptoms.196

Studies in humans are limited but promising:
• A 2011 survey of thirty Crohn’s patients in Israel revealed twenty-one

improved significantly with cannabis, finding less need for other
medication and reduced need for surgery.197

• A 2012 study investigating eleven patients with long-standing
Crohn’s disease and two patients with ulcerative colitis reported that
after three months of treatment, patients reported improvement in
general health perception, social functioning, ability to work, physical
pain, and depression. There was a statistically significant weight gain
and increase in body mass index.198

• A 2013 survey of 292 patients receiving care for IBD revealed
approximately half reported either past or current use of cannabis. Of
those, 32 percent reported medical use for abdominal pain, poor
appetite, nausea, and diarrhea. Most reported that cannabis either
completely relieved or was very helpful for symptoms. In this study,
current users noted significant improvement in abdominal pain, poor
appetite, nausea, and diarrhea.199

• In a 2013 study of twenty-one patients with Crohn’s disease who did
not respond to conventional treatments, inhaled THC or inhaled
placebo was given over eight weeks. Complete remission was
achieved in 45 percent of the cannabis group and 10 percent of the
placebo group; 90 percent of the cannabis group had lower severity
scores versus 40 percent of the placebo group. Three patients using
cannabis were able to wean off steroids. The cannabis patients
reported better sleep and appetite with no significant side effects.
Interestingly, all patients who achieved remission relapsed within two
weeks of discontinuing the cannabis treatment.200

• In 2019, two reports were published that reviewed hospital records
through the National Inpatient Sample database, allowing researchers
access to thousands of medical records. The first report looked at 615



hospitalized Crohn’s disease patients who used cannabis (legally or
not) and compared them to Crohn’s patients who did not use
cannabis. Cannabis users were found to have:

— Less stricturing disease (scarring built up secondary to chronic
intestinal inflammation)

— Fewer bowel obstructions
— Fewer fistulas and abscesses
— Shorter hospital stays
— Fewer blood transfusions
— Less colectomy surgery (removal of the colon)
— Reduced IV nutrition requirements201

• The second report, using the same database of medical records,
included 6,002 patients with Crohn’s disease (2,999 cannabis users
and 3,003 nonusers) and 1,481 patients with ulcerative colitis (742
cannabis users and 739 nonusers). This review found:

— Crohn’s patients using cannabis had statistically significant
lower incidence of cancer, less need for IV nutrition, less
anemia, and shorter hospital stays with lower hospitalization
costs; however, this report found an increase in fistula/abscess,
GI bleeding, and hypovolemia (a decrease in circulating blood in
the vessels).

— Ulcerative colitis patients using cannabis have statistically
significant lower frequency of postoperative infections and
shorter hospital stays with lower hospitalization costs; however,
fluid/electrolyte imbalance and hypovolemia were increased.202

These reports stated that “recreational” cannabis was used. There was
no mention of the type of cannabinoids used (THC, CBD, or other), nor was
delivery method (smoking, edibles, etc.) or duration of use reported. Both
significant benefits and risks were found, warranting further human clinical
trials.

I have evaluated many patients with gastrointestinal disorders who have
had successful results with cannabis treatment. Almost all patients with
Crohn’s disease or ulcerative colitis who have been seen in my office have
exhausted conventional options prior to seeking cannabis treatment, finding



that they either were nonresponders or experienced intolerable side effects.
Similar to the findings already mentioned, my patients report that their
symptoms, including nausea, poor appetite, abdominal pain, diarrhea, and
bloating, respond to cannabis treatment. Many patients prefer to inhale
THC since the onset of relief is immediate. Patients who are reluctant to use
THC-rich cannabis can use lower CBD:THC ratios, such as 1:1 or 4:1, with
similar benefits but less chance of intoxication. As noted in chapter 4,
THCA was found to be the main phytocannabinoid helping to regulate
intestinal inflammation. With the increased availability of tinctures
containing THCA, and CBDA as well, patients are finding that daily use of
these raw cannabinoids, sometimes combined with CBD, is effective for
anti-inflammatory effects, helping to prevent flare-ups.

Irritable Bowel Syndrome

As the most common diagnosis made by gastroenterologists, IBS affects
thirty-five million people in the US alone. IBS is characterized by episodes
of abdominal pain, bloating, excessive gas, and altered bowel habits
(constipation, diarrhea, or mixed type). No clear cause of IBS has been
identified, although endocannabinoid deficiency is suspected.203 There
usually are no abnormalities on blood tests or an endoscopy, making IBS a
diagnosis based solely on the patient’s history and symptoms, after ruling
out other causes. IBS sufferers often struggle with other conditions, such as
fibromyalgia, migraine headaches, temporomandibular joint disorders,
chronic fatigue, gastroesophageal reflux, anxiety/depression, or chronic
pelvic pain. Chronic stress has been linked to both the development and/or
the exacerbation of IBS and should also be a focus of treatment.

There are three published human studies of cannabis use for IBS, all
employing synthetic THC as the study drug. Not surprisingly, one study
reported all participants to have had side effects and no benefits; the study
dose of 10 milligrams THC was clearly too much for the non-cannabis
users who participated.204 The second study used lower doses, 2.5
milligrams or 5 milligrams of synthetic THC compared to placebo, and
found participants with IBS diarrhea or IBS mixed type had a reduction in
colonic motility, meaning THC slowed down how fast food moved through
the gut.205 The third study involved giving low-dose dronabinol for two



days and had no effect on IBS diarrhea.206 As mentioned before, findings
from studies using single synthetic cannabinoid compounds are difficult to
translate to outcomes in patients using whole-plant preparations.

Clinically, many medical cannabis patients with IBS report benefits,
most stating simply that “it helps calm the gut.” Some patients report
substantial efficacy from low doses of THC taken in the evenings or just as
needed when their gut is acting up. Others report using CBD preparations
on a daily basis to control their symptoms. Additionally, some patients have
reported that either THCA or CBDA, or both in combination, has helped
with IBS, often with the patient achieving improvements in symptoms with
low doses. Proper diet, regular exercise, and stress management support the
endocannabinoid system, and in cases of IBS, patients find these additional
interventions to be quite effective when combined with cannabinoid
therapy.

It is important for patients with gut disorders to understand that long-
standing inflammation will take time to respond to cannabinoid treatment. It
may take eight to twelve weeks to experience significant benefits, although
many report symptom reduction in the first few weeks. Edibles may cause
further GI upset, so you should always read product labels to be sure you
are not eating an ingredient that is a trigger for your symptoms. Terpenoids
that have been found to specifically help the gut include terpinolene, beta-
caryophyllene, limonene, and pinene.

Robert’s Story

A tall, thin teenager with a crew cut, Robert came to my office with
his parents seeking help in treating ulcerative colitis. Diagnosed two
years prior, he was struggling with chronic abdominal pain, bloody
diarrhea, poor appetite, and weight loss. It was no surprise he
expressed feeling depressed and hopeless. He had been on numerous
treatments that did not help, and according to his parents, the
pharmaceuticals he tried seemed to be making him sicker, not better.
He had received multiple blood transfusions due to the anemia
caused by loss of blood through his gut. At the most recent visit with



his GI specialist, surgery to remove part of his colon was discussed,
causing Robert much distress.

Prior to meeting with me, Robert’s parents caught him smoking
cannabis. They were not surprised, as lately they had noticed
something was different about him—maybe a lighter attitude and
fewer complaints of discomfort. As a family, they Googled “cannabis
for ulcerative colitis” and decided to pursue this treatment with
medical supervision, as they all agreed surgery would be a last
resort. When I asked Robert how cannabis helped him, he reported
that all of his physical symptoms were reduced, and that he felt
“normal” for a few hours. He and his parents had concerns that he
was buying cannabis from unknown sources and that he was at risk
for getting into legal trouble. He stated maturely, “I feel like this
could be my medicine, but I don’t want to be a criminal for using it.”

I educated Robert and his parents about the endocannabinoid
system, about the different phytocannabinoids, and about the
promising, yet limited, research on cannabis use for IBD. I started
Robert on low doses of a CBD:THC tincture (25:1) twice daily with
the plan to increase every one to two weeks, aiming for a dose of 300
milligrams twice daily. We discussed using vaporized THC as needed
for acute symptoms. After four weeks, he reported less diarrhea, less
abdominal pain, and better appetite. He was sleeping better too and
said his mood was improving. He continued to have blood in his
stools, so THCA twice daily was added to the regimen.

Robert’s red blood cell count stabilized over the next six weeks. He
gained weight and happily reported he had started playing
basketball again, something he had not been able to do since his
initial diagnosis. His lab tests revealed a decrease in the
inflammatory markers, and although they were still elevated, the
decrease was evidence that the inflammation in his body was starting
to respond to treatment.

Robert’s GI specialist is cautiously supportive of this treatment, as
he too has seen Robert’s condition stabilize. Most importantly,
Robert has reported a significant improvement in his quality of life,
and for the first time in years, he feels optimistic about his future.



Glaucoma

Glaucoma is a group of eye disorders that can damage the optic nerve. Most
cases of glaucoma result from increased pressure in the eye, called
“intraocular pressure.” If untreated or not properly controlled, the increased
pressure damages the optic nerve, resulting in a loss of peripheral vision
and eventually blindness.

The mainstay of glaucoma treatment is medication in the form of eye
drops or, in some cases, surgical intervention. For many people, these
treatments are successful; however, some patients are treatment resistant.

The first mention of THC’s ability to lower intraocular pressure was in
1971.207 Multiple studies have shown that THC lowers intraocular pressure
via the CB1 receptor.208 In one particular study, 5 milligrams of THC was
found to transiently lower intraocular pressure, with effects lasting only
four hours, while CBD and placebo did not lower the pressure.209 In 2002,
the Research Advisory Panel of California instituted the Cannabis
Therapeutic Research Program to permit cannabis use on a compassionate
basis while data was collected for research. Nine patients with glaucoma
were enrolled to evaluate the efficacy of THC on eye pressure. No
conclusive results were obtained, except that after initial lowering of eye
pressure in four of the nine patients, the decreases were not sustained. All
patients elected to stop treatment. The authors concluded that “development
of tolerance and significant systemic toxicity appears to limit the usefulness
of this potential treatment.”210

CBD was initially thought to not affect eye pressure, but a 2006 study,
investigating both THC and CBD in six patients with glaucoma,
documented that although 5 milligrams THC reduced pressure for four
hours and a 20-milligram dose of CBD did not affect intraocular pressure, a
40-milligram dose of CBD increased intraocular pressure.211 Another study
from 2018, investigating how topical THC and CBD affected intraocular
pressure in mice, found THC substantially decreased eye pressure in male
mice for eight hours but only for four hours in female mice. This difference
was discovered to be due to the presence of fewer cannabinoid receptors in
the eyes of female mice. Topical CBD was found to substantially increase
eye pressure. The same study showed combination CBD+THC applied



topically had no effect on intraocular pressure, possibly due to CBD
blocking the effects of THC. These researchers also explored which
receptors were involved in cannabinoid-induced reduction of eye pressure
and found a combined mechanism with both CB1 receptor and GPR18
involvement. The authors stated in the conclusion of their report that more
research on topical THC was warranted.212

A 2019 review of the current scientific literature on the efficacy of
cannabis to reduce eye pressure revealed five randomized controlled trials
that compared cannabis to a placebo. (There are no studies comparing
cannabis to the current conventional treatments that lower eye pressure.)
The authors concluded that the use of cannabis for treatment of glaucoma
was not supported at the time due to the short duration of action, the risk of
side effects, the frequency of dosing, and the lack of evidence that cannabis
was effective in preventing vision loss in the long term.213 Remember that
good-quality studies of real-world cannabis use for glaucoma—meaning
what patients are using in legal states—are lacking, preventing us from
knowing if and how cannabis, whether inhaled, ingested, or applied
topically to the eyes directly, is an effective treatment for glaucoma.

I do not advocate the use of THC-rich cannabis as single-drug therapy
for glaucoma unless all other treatments have failed. I have a number of
patients in my practice who find the addition of THC-rich cannabis to their
current glaucoma treatment has been beneficial in keeping pressure in their
eyes low. I encourage these patients to stay on their vision-saving
medications or to pursue other options if the medications fail. Now that the
latest data reports a potential increase in ocular pressure with higher doses
of CBD, patients with glaucoma who want to use CBD for other indications
should make sure to follow up closely with their ophthalmologist in order to
ensure that CBD is not elevating pressures, potentially putting their vision
at risk.

Infectious Diseases

The role of the endocannabinoid system, endocannabinoids, and
phytocannabinoids in the human response to infectious diseases is an active



area of research. Our complex immune system works to protect us from
microbial pathogens, including bacteria, viruses, and other infections. The
endocannabinoid system plays a large role in immunity, as
endocannabinoids are produced and released by activated immune cells
(those that have been triggered by an infection).214 After release, the
endocannabinoids attract additional immune cells, such as white blood
cells, “recruiting” them to attack the infecting agent.215

Immune cells contain a large family of compounds called cytokines,
which are secreted in response to infection. They have the important role of
regulating immunity and inflammation. There are both anti- and pro-
inflammatory cytokines. Numerous studies show that phytocannabinoids
suppress production of cytokines, which may be beneficial when anti-
inflammatory effects are desired.216 However, studies also show that
phytocannabinoids can increase the production of certain cytokines in
specific cases, depending on the trigger and the cannabinoid used.217 Due to
these opposite effects, phytocannabinoids are called “immune modulators,”
indicating they have bidirectional effects on the immune response.218

“Cytokine storm” is a condition whereby the immune system overreacts
in response to an infection. The infected part of the body is flooded with
excessive levels of cytokines, causing more immune cells to migrate to the
area, which then leads to the release of more cytokines, causing a vicious
cycle of hyperinflammation. This can cause severe tissue damage and even
cell death. Respiratory diseases, such as COVID-19, SARS, and MERS—
all caused by coronaviruses—can result in cytokine storm, which can cause
acute respiratory distress syndrome (ARDS). The high fatality of other
pandemics—the 1918 Spanish flu, the 2003 H5N1 “bird flu,” and the 2009
H1N1 “swine flu”—was due to cytokine storm and ARDS. In 2015,
knowing that phytocannabinoids can suppress the release of cytokines,
researchers at the University of South Carolina investigated the use of THC
as treatment for cytokine storm in mice. The mice received a bacterial toxin
known to induce cytokine storm and fatal ARDS. When untreated, all of the
mice died within five days. When THC was given after the toxin exposure,
all of the mice survived, with evidence of less lung inflammation and
decreased levels of cytokines.219 With these promising results and lack of
other effective and safe treatment for cytokine storm, further research of
phytocannabinoid efficacy is warranted.



In addition to modulating the human response to infections,
phytocannabinoids have antibacterial, antiviral, and antifungal effects.
THC, CBD, CBG, CBC, and CBN are strongly antibacterial in laboratory
investigations, demonstrating potent activity against troublesome antibiotic-
resistant Staphylococcus strains (often called “superbugs”).220 A recent
study combining CBD with antibiotics resulted in a more powerful
antibacterial effect as compared to antibiotic treatment alone.221

Unfortunately, we are still lacking definitive clinical trials of the efficacy of
phytocannabinoids to treat human bacterial infections.

Studies show conflicting results of cannabinoid treatment for viral
infections.

• Although older studies demonstrated laboratory animals with viral
infections who were treated with THC had worse outcomes compared
to those who did not receive THC, recent reports have demonstrated
the beneficial effects of cannabinoid treatment, specifically in cases in
which the host’s inflammatory response to the infection has become
overwhelming.222

• In a study of sixty-two patients with HIV who were randomly
assigned THC cigarettes, dronabinol (synthetic THC) capsules, or a
placebo, no negative effects on the status of the virus were discovered
in those using THC.223

• In a laboratory study investigating treatment of viral hepatitis, CBD
inhibited the replication of hepatitis C with comparable efficacy to
and fewer side effects than interferon, an approved anti-hepatitis
medication. CBD was not effective against hepatitis B.224

The antifungal effects of CBC and CBG have been demonstrated in
laboratory studies; however, there are no human clinical trials. Anecdotally,
patients report topical cannabinoids have successfully treated minor fungal
infections, such as tinea pedis (athlete’s foot), however lack of research
leaves us with many questions about dosing and other treatment variables.

The potential for cannabinoid treatment or an adjunctive therapy in the
area of infectious diseases is exciting and may provide options for improved



outcomes.

Liver Disease and Hepatitis C

The term “hepatitis” refers to inflammation of the liver. Hepatitis C
specifically refers to an infection with the hepatitis C virus (HCV), which
may cause either a mild, short-lived illness (acute hepatitis) or, more
seriously, a lifelong condition that attacks the liver (chronic hepatitis).
Approximately 75 to 85 percent of people who become infected with
hepatitis C virus develop chronic infection. HCV is spread primarily
through contact with the blood of an infected person, most commonly
through sharing of needles during drug use. Symptoms include nausea,
vomiting, abdominal pain, weight loss, fatigue, joint pain, and poor
appetite. Chronic HCV can progress to cirrhosis (severe scarring of the
liver) or liver cancer. An estimated 3.5 million people in the United States
have chronic HCV infection.

Conventional treatment of chronic HCV consists of antiviral
medications. In recent years, new antiviral medications have become
available with 95 percent cure rates, depending on the type of virus being
treated. These medications have fewer side effects than their predecessors,
although fatigue, depression, gastrointestinal upset, insomnia, and joint pain
may occur. Interestingly, in 2017 CBD was found to kill HCV and inhibit
the replication of the virus by 86.4 percent in a laboratory setting (test-tube
findings).225 No animal or human studies have been performed, but
certainly this discovery warrants more investigation.

Animal studies of cannabis use for liver disease show promising
therapeutic results, with CBD conferring liver protective effects:

• In a mouse model of hepatic encephalopathy (defined as a decline in
brain function due to severe liver disease), CBD improved cognition
and locomotion due to its anti-inflammatory effects.226

• CBD restored liver function and improved cognition and neurological
function in mice with liver failure and hepatic encephalopathy.227

• CBD significantly reduced liver inflammation in a mouse model of



ischemia-reperfusion (cutting off blood flow, then restoring it), as is
often seen in liver surgery or liver transplantation.228

• CBD protected the livers of mice from acute alcohol-induced
steatosis, a condition in which fat infiltrates the liver cells.229

Human studies initially reported that THC use might cause damage to
the liver in the face of hepatitis, but more recent studies show this to be
unlikely:

• Three studies performed between 2005 and 2008 found that patients
with hepatitis C who used THC-rich cannabis daily (vs. non-daily
use) were at higher risk of moderate to severe liver fibrosis
(scarring).230

• A study from 2013 reported the opposite, finding no link between
cannabis use and progression of liver fibrosis in hepatitis C patients
who were also HIV-positive. The researchers reported too that
previous studies showing an association between cannabis smoking
and liver fibrosis may have been biased by reverse causation, as
patients use more cannabis to relieve symptoms as liver disease
progresses.231

• Hepatitis C patients who used cannabis and were on antiviral
medication to treat the disease were more likely to stay on treatment
than patients who didn’t use cannabis.232

• In a 2016 study of a large cohort of HIV/HCV coinfected women,
THC was not associated with progression to significant liver fibrosis.
Alcohol use was independently associated with liver fibrosis.233

• A review of hospital discharge records of patients with nonalcoholic
fatty liver disease (also called fatty liver) found that cannabis users
had significantly lower prevalence of fatty liver disease compared to
nonusers, suggesting that cannabis is protective against the
development of this condition.234 The same researchers also found
that alcohol users who used cannabis showed significantly lower odds
of developing alcoholic changes to the liver.235



• Another recent analysis of hospital discharge records of 4,728
cannabis users with chronic liver disease matched to 4,728 non-
cannabis users with chronic liver disease revealed that cannabis users
had decreased prevalence of liver cirrhosis (and its complications)
and lower total healthcare costs when compared to non-cannabis
users.236 There was no difference found in the incidence of liver
cancer, in-hospital deaths, or length of hospital stay.

Patients with hepatitis C infection or liver disease may be reluctant to
take pharmaceuticals for other medical conditions, as often they are
concerned about further liver damage. Patients with hepatitis or liver issues
from any cause may also have coexisting chronic pain conditions. They
should avoid all medications that contain acetaminophen. This compound is
the active ingredient in the over-the-counter brand Tylenol and also is often
combined with the opiates hydrocodone and oxycodone. Acetaminophen is
a leading cause of acute liver failure, even at doses that are within the
recommended range. Cannabinoids are an option for these patients,
allowing them to treat their pain without concern of further liver damage.

I recommend that patients with liver disease who want to use cannabis
treatment include CBD in their regimens for its anti-inflammatory and liver-
protective effects.

Migraine Headaches

Migraines are quite common, affecting 12 percent of the worldwide
population. They often occur in response to a specific trigger, such as
hormonal changes, sleep deprivation, excess stress, a bright light, hunger, or
a specific food or smell. Typical migraines escalate quickly to severe pain,
with throbbing or pulsing sensations. Associated symptoms include nausea,
vomiting, and sensitivity to light and/or sound. Migraine sufferers may feel
sensory warning symptoms, called an aura, prior to the onset of a headache.

The mainstay of treatment is a group of drugs called triptans, which
work by blocking the release of pro-inflammatory compounds in the brain.
They are fairly effective for aborting or reducing the severity of migraine



headaches but are expensive and come with many side effects. Another
group of medicines, called ergot alkaloids, are also prescribed for
migraines, but they are less effective than triptans. A new group of
injectable medications, called monoclonal antibodies, was approved by the
FDA in 2018 and is showing significant efficacy with minimal side effects.
However, these are costly, about six hundred dollars per month.

Unfortunately, little research exists that proves the mechanism by which
cannabinoids alleviate migraines, despite the overwhelming anecdotal
reports from patients. The following studies I list below suggest migraine
headaches may be due to endocannabinoid deficiency and an abnormal
inflammatory response. Often migraine sufferers report headaches begin in
response to a trigger, which should subsequently stimulate the production of
endocannabinoids to fix the imbalance and maintain cellular homeostasis,
but if someone is deficient in endocannabinoids, the imbalance continues,
which is thought to lead to the development of a migraine. The trigger may
also cause an uncontrolled inflammatory response, contributing to the pain.

Studies assessing endocannabinoid system involvement in migraine
headaches are sparse, but recent interest has increased since more patients
have legal access to cannabis medicine.

• Three cases were reported of chronic heavy users of cannabis
developing severe migraine attacks after abrupt cessation of use, with
the authors suggesting that these rebound attacks were similar to
rebound headaches experienced by migraine patients when they
abruptly stop other migraine treatment.237

• Genes that allow for increased inflammation were found in migraine
patients and not found in control subjects.238

• Reduced levels of anandamide were found in the cerebrospinal fluid
of patients with chronic migraines.239

• Endocannabinoid levels were decreased in patients with chronic
migraine and medication-overuse headaches, suggesting that
endocannabinoid dysfunction is involved in both chronic
conditions.240

• Of 121 approved medical cannabis patients suffering from migraine



headaches, there was a decrease in frequency of headaches per month
from 10.4 to 4.6, with 39.7 percent reporting positive effects.241

• A 2017 investigation from Italy reported migraine sufferers taking
different combinations of CBD and THC found 200 milligrams of
combination cannabinoids decreased acute migraine pain by 55
percent. In the second part of the study, migraine patients received
either combination CBD+THC or amitriptyline, finding a slightly
greater reduction of migraine attacks with the cannabinoids. There
was no significant benefit in adults with cluster headaches unless they
had experienced migraines as a child.242

Cannabis has been used for thousands of years to treat headaches.
Clinically, patients report relief of pain, less nausea, and better sleep. They
also report less frequency and less severity of their migraine headaches with
medical cannabis use. A number of well-known triggers for migraine
headaches, specifically sleep deprivation and anxiety or stress, are
alleviated with cannabis, thereby contributing to improvements as well.
Additionally, patients report they spend less healthcare dollars on expensive
migraine medications and have fewer missed school or work days.

Patients report timing of doses is very important; if they feel the
migraine coming on, immediate use can help abort or lessen the severity of
a migraine. Some patients report low-dose, regular use of THC-rich
medicine significantly reduces frequency and severity of the headaches.
Other patients report daily CBD-rich cannabis prevents migraines from
occurring. Once the headache begins, a rapid delivery method, such as
inhalation or sublingual tincture, is preferred by most. I have two patients
who have reported complete resolution of migraines after they started
taking a sublingual oil rich in THCA and CBDA on a daily basis. In a
survey of 505 patients who were approved for use of cannabis for
migraines, more than 42 different preferred chemovars of cannabis were
reported, supporting the idea that specific chemovar choices result from
trial and error.243 There is some evidence from this report that chemovars
rich in beta-caryophyllene and myrcene are preferred by migraine sufferers.



Anna’s Story

Anna, a young woman in her early thirties, came to see me seeking
help with her migraine headaches. Ambitious and smart, she was
working as an assistant producer for a large entertainment company
and had dreams of becoming a senior producer one day. She told me
about her long history of headaches, with the first migraine
occurring while on vacation with her family when she was only
twelve years old. Everyone thought she had caught a stomach bug or
food poisoning because, in addition to the headache, she had
vomited all night in the hotel. This was the beginning of years of
suffering, missing school and activities due to uncontrolled migraine
headaches. Her mother brought her to no fewer than eight different
specialists, trying numerous medications with no luck. She sought
nutritional advice, trying every dietary restriction, as well as
acupuncture, chiropractic adjustments, and biofeedback—all to no
avail. Her typical pattern was about one migraine per week, lasting
about three days. She described that she was debilitated from pain
and severe nausea on the middle day, but she pushed herself to go to
work, taking nausea medication and hiding her pain from her
coworkers.

About five months prior to meeting with me, she was assigned a
big project at her job, requiring her to work longer hours and
increasing her stress. This led to sleep issues. She began having
longer migraines, noting that they were lasting almost all week with
only one to two days between episodes. She reported that she had
missed enough days in this time period for her boss’s boss to mention
it. She was terrified she was going to lose her job.

Anna had tried cannabis once or twice when she was in high
school, stating, “It wasn’t really my thing.” We talked about the
endocannabinoid system and the possibility of an endocannabinoid
deficiency. She felt that maybe cannabis was the answer she had
been searching for and was ready to get started. Her first purchase
was a vaporizer and a strain called Grand Daddy Purple. The effects



on sleep and stress were immediate, allowing her to fall asleep easier
and wake without a headache. After two weeks of use, she emailed
me, stating that although she had only one mild headache those first
two weeks on cannabis, she wanted to have something that might
help prevent and/or treat pain and nausea while she was at work. She
decided to try a high-ratio CBD:THC pen vaporizer. After a few
weeks of intermittent use, she asked for another suggestion, as she
was not getting relief. A CBD:THC vaporizer with a 1:1 ratio did the
trick. She explained that she takes only one inhale when she feels a
headache coming on and it completely stops the headache from
progressing. If she waits too long to medicate, the headache will
persist, but with less severity and duration and often without nausea.

At Anna’s last visit, she reported that she had only four bad
migraines the prior year, usually triggered by sleep deprivation, and
although she still had occasional “regular” headaches, she was
thrilled with how cannabis has helped her. She has not had to change
her cannabis routine, other than occasionally trying different
chemovars for nighttime use.

I am always amazed that cannabis seems to be a “last resort,”
only considered after years of desperate searching, after
experimenting with toxic and ineffective modalities has failed.
Cannabis can often be the most effective medicine and, when used
properly and responsibly, have few or no side effects.

Multiple Sclerosis

MS is the most common autoimmune inflammatory disease, affecting one
of every thousand people worldwide. It occurs when the immune system
attacks the myelin protective covering of neurons in the brain and spinal
cord, thus interfering with normal nerve function. Symptoms include
numbness and/or weakness of limbs, vision problems, chronic pain, fatigue,
tremor, unsteady gait, bowel or bladder problems, and muscle spasticity.
Symptoms can progress over time or be episodic, called relapses or flare-
ups. There is no known cure for MS. Treatment is aimed at curbing acute
attacks, reducing the risk of relapse, and preventing disability. Current



medications for MS include steroids and a class of drugs called “disease-
modifying therapies,” which aim to slow down the progression of the
disease. Although patients can do well on these medications, some struggle
with compliance, as they have significant adverse side effects and risks,
including a potentially deadly or disabling viral infection of the brain called
progressive multifocal leukoencephalopathy (PML), other serious
infections, cardiac arrhythmia, macular edema (swelling of a part of the
retina), autoimmune thyroiditis (up to 30 percent risk with one particular
medication), kidney problems, and malignant cancers.

Numerous studies have examined the use of cannabinoids to treat MS.
Much of the research comes from investigations on the efficacy of
nabiximols (Sativex), a patented sublingual preparation of CBD:THC in a
1:1 ratio, which was approved in 2010 and is available by prescription in
twenty-five countries for treatment of spasticity from MS. Studies of
Sativex show it to be effective for spasticity, intractable peripheral
neuropathy, and MS-induced pain, with minimal side effects. Sativex is not
yet available in the US, but with the legalization of cannabis in many states,
MS patients can use similar CBD:THC ratios from whole-plant preparations
instead.

A review of the scientific literature reveals hundreds of articles when the
terms “cannabinoids” and “multiple sclerosis” are searched on PubMed (a
free search engine focusing on scientific articles). I am including the most
recent important findings here:

• An international survey of medical cannabis patients reported that MS
was one of the five medical conditions for which cannabinoids were
most often used.244 Another survey, conducted through the internet,
found that 66 percent of MS patients used cannabis for treatment of
symptoms.245

• Cannabinoids help MS by exerting neuroprotective effects through
CB1 mechanisms and by suppressing neuroinflammation through CB2
mechanisms.246

• In 2010, investigators at the University of California, San Diego,
reported that inhaled cannabis significantly reduced objective



measures of pain intensity and spasticity in patients with MS in a
placebo-controlled, randomized clinical trial. Investigators concluded
that “smoked cannabis was superior to placebo in reducing spasticity
and pain in patients with multiple sclerosis, and provided some
benefit beyond currently prescribed treatment.”247

• In 2017, the National Academies of Sciences, Engineering, and
Medicine reviewed thousands of scientific articles assessing the
efficacy of cannabinoids for MS and concluded there was conclusive
or substantial evidence that oral cannabinoids are effective for
improving patient-reported multiple sclerosis spasticity or pain
symptoms.248

• Italian researchers assessed 1,615 MS patients using Sativex, finding
after one month of use 70 percent of patients reported a 20 or more
percent improvement and 28 percent had 30 or more percent
improvement. The overall discontinuation rate was about 40 percent,
due to lack of efficacy or to side effects.249

• A review that included 426 MS patients with neurogenic bladder
found cannabinoids to be effective in decreasing the number of
incontinence episodes.250

• In a fascinating study, whole-genome testing of MS patients before
and after four weeks of treatment with Sativex showed
downregulation of immune-regulated pathways, especially in those
who were cannabinoid responders, meaning that treatment with
cannabinoids changed the gene expression, leading to decreased
production of pro-inflammatory compounds.251

Clinically, my patients with MS report that cannabis use reduces pain,
lessens spasticity, alleviates depression, reduces fatigue, and decreases
incontinence. Most of my MS patients prefer using vaporizers or sublingual
tinctures, as these methods have a quicker onset and are easier to dose
compared to ingested products. Although many prefer THC-rich cannabis,
especially at night for pain, sleep, and relaxation, they include CBD and the
raw cannabinoids THCA and CBDA for added anti-inflammatory and



neuroprotective effects. Important terpenes include beta-caryophyllene,
myrcene, pinene, humulene, cineole, and citronellol for their anti-
inflammatory effects.

It is crucial to understand, when interpreting results from clinical trials,
that treatment is restricted to the design of the study, with no ability to alter
or change the regimen. This significantly affects the results. In real-world
use of cannabis, patients have the ability to alter their regimen—add or
replace products, change the method of taking the medications, change the
timing and amount of the dosing—to customize the treatment to their needs.
The product Sativex contains a 1:1 CBD:THC ratio, which may be too
much THC for some patients, as evidenced by the reported side effects
(psychiatric, sedation, dizziness, etc.).252 However, with natural cannabis
products, if a patient struggles with these types of side effects, which are
likely due to the THC, he or she can switch to a product with less THC,
such as 2:1, 4:1, or higher ratios, or even use different cannabinoids
entirely. As a clinician who sees many people benefit from cannabis, I can
share with you that the ability to personalize cannabis to your needs is
crucial to achieving positive therapeutic benefits.

Neurodegenerative Disorders

Neurodegenerative disorders refer to conditions in which there is
progressive loss of structure and function of nerve cells, leading to cell
death. Currently there are no known cures for the various neurodegenerative
disorders, such as Lou Gehrig’s, Alzheimer’s, Huntington’s, and
Parkinson’s diseases. These conditions can be devastating, causing
significant loss of function and decreased quality of life for those afflicted
as well as their families.

Cannabinoids have numerous properties that make them attractive
medicines for central nervous system disorders, namely they provide
neuroprotection, are antioxidants, and are potent anti-inflammatories.
Interestingly, healthy brains do not have many CB2 receptors; however, in
the face of neuroinflammation, there is an influx of immune cells that have
many CB2 receptors, adding another therapeutic target in addition to the



CB1 receptors already present.

Amyotrophic Lateral Sclerosis

ALS—also known as Lou Gehrig’s disease—is a neurodegenerative
disorder characterized by progressive motor neuron loss, paralysis, and
death within two to five years of diagnosis. The cause of ALS is unknown,
but there is evidence of a genetic basis in a small number of cases. Theories
as to the possible causes of ALS include autoimmune disease, in which the
body’s immune system attacks its own cells and kills them; a chemical
imbalance of glutamate, a neurotransmitter that can build up and cause
toxicity to brain cells; or possibly an abnormal accumulation of a protein
called TDP-43, which triggers cell damage and cell death. There are four
FDA-approved medications for ALS, which work by decreasing the
excitatory neurotransmitter glutamate.

The neuroprotective and anti-inflammatory properties of cannabis
combined with its excellent safety profile have stimulated interest in it as a
treatment for all neurodegenerative disorders.

• THC delayed motor impairment and prolonged survival in mice with
ALS.253

• A synthetic cannabinoid targeting both CB1 and CB2 receptors in
mice with ALS significantly slowed the progression of the disease.254

• A synthetic cannabinoid that binds to the CB2 receptor was given to
mice with ALS, resulting in a delay in disease progression.255

• The same synthetic cannabinoid selective for the CB2 receptor given
to mice with ALS prolonged survival.256

• A small survey of ALS patients using THC-rich cannabis found
efficacy for appetite stimulation, depression, pain, spasticity, and
drooling. There was no improvement reported in speech, swallowing,
or sexual dysfunction.257

• A study using dronabinol for symptoms in ALS patients reported
benefits for sleep, appetite, and spasticity, as well as an acceptable
safety profile.258



• A human clinical trial in Italy reported that nabiximols (Sativex) had
a positive effect on spasticity, with an acceptable safety and
tolerability profile.259

Many patients suffering with ALS have a poor quality of life, with pain,
muscle spasms, wasting, trouble breathing, drooling, insomnia, anxiety, and
depression. Cannabis can help all of these symptoms since it works as a
pain reliever, a muscle relaxant, an appetite stimulant, a bronchodilator
(opens up the lungs), and a sleep and mood enhancer. Because it causes
drying of the mouth, it also helps with excess drooling and secretions. I
have successfully treated a few patients with ALS who reported an
improved quality of life with cannabis use. These patients found good
results with THC-rich cannabis delivered by vaporizer, edibles, or
sublingual tinctures. Some ALS patients may also choose to add CBD to
their regimen to help with spasticity and mood. An upcoming human
clinical trial, to be done in Australia, using high-CBD, low-THC cannabis
for early onset ALS was announced in 2019.

Alzheimer’s Disease

Alzheimer’s disease (AD) is a chronic neurodegenerative disorder that
affects millions of people worldwide. Symptoms include memory loss,
problems with language, disorientation, mood swings, and difficulty
managing activities of daily living. About 70 percent of cases are thought to
be genetic. Researchers have found that the brains of those with AD have
abnormal protein deposits called amyloid-beta plaques and tau
neurofibrillary tangles. Plaques and tangles disrupt the brain cells’ ability to
function properly and lead to cell death, which subsequently leads to the
terrible symptoms of AD. Neuroinflammation is also a big part of AD. Two
kinds of immune cells, astrocytes and microglia, are activated in the brain
with AD, releasing numerous pro-inflammatory chemicals. It is still
unknown if neuroinflammation is a cause or consequence of AD.
Researchers report both benefits and detriments from these immune cells in
the brain, and the current theory is that anti-inflammatory treatment may
allow for the benefits to dominate while the detrimental effects are lessened.



Cannabinoids are well-known to be potent anti-inflammatory
compounds and have been shown in multiple studies to decrease
neuroinflammation. Research investigating the use of cannabinoids for AD
is summarized here:

• CBD reduced the formation of amyloid-beta protein.260

• CBD blocked the pathway leading to tau protein buildup.261

• THC also reduced the formation of amyloid-beta protein.262

• A synthetic cannabinoid, through activation of the CB2 receptor,
helped to remove amyloid-beta protein from human brain cells.263

• A synthetic cannabinoid, through activation of CB1 receptors,
blocked the formation of tau neurofibrillary tangles.264

• Mice with AD improved when given a synthetic cannabinoid that
targets the CB2 receptor, with a better result when it was given before
the symptoms began. The cannabinoid blocked pro-inflammatory
chemicals from being released and blocked the formation of tau
protein.265

• Mice with AD improved when given a synthetic cannabinoid
targeting CB1 receptors.266

• Treatment of mice with AD using a combination of THC and CBD
preserved memory and decreased learning impairment.267

One of the main concerns involved in deciding to treat patients with
Alzheimer’s disease with cannabis is that THC itself can cause memory
loss, disorientation, agitation, and anxiety in some people. However, it can
also do the opposite, reducing agitation, stimulating appetite, and promoting
sleep. It is therefore recommended that if THC is to be used, dosing should
start low, about 1 milligram, with small increases to the desired effect.
Tinctures with low concentrations, such as 5 or 10 milligrams per 1
milliliter, are good for this indication, as accurate dosing can be achieved.
Chemovars rich in the terpenoid myrcene are sedating and can be helpful
for agitated AD patients. Pinene may be helpful as well since it can assist
memory.



Research supports using THC and CBD together for patients with AD.
In my practice, I encourage patients to try both high-ratio and low-ratio
CBD:THC products. CBD may protect patients from memory loss and can
counteract the anxiety and paranoia that can occur in some who take
THC.268 However, I have seen a few patients whose agitation became
worse with CBD. Unfortunately, there are no published human trials
looking at the efficacy of cannabis for the prevention of or delay of the
progression of AD.

Huntington’s Disease

Huntington’s disease (HD) is a progressive, inherited neurodegenerative
disorder that affects motor coordination. It is caused by a mutation in the
huntingtin gene (IT15), which controls the production of a protein by the
same name. Symptoms include uncontrolled movements (called chorea);
changes in behavior, emotion, judgment, and cognition; and eventual
progression to dementia and severe disability. There is no cure for HD, but
there are medications and interventions, such as physical therapy, that can
help with management of the symptoms.

Endocannabinoid system abnormalities have been found in mice with
HD, with evidence that as the course of HD progresses, the
endocannabinoid system becomes less functional.269 Treatment of HD may
require adjustments as the disease progresses since the changing
endocannabinoid system will likely respond differently to different
cannabinoid compounds. Experimentally, cannabinoids have shown some
preliminary promise in delaying the progression of the disease.

• The number of CB1 receptors in the area of the brain that controls
movement, called the basal ganglia, are lower than normal in mice
with HD. Those that were lacking CB1 receptors had worse symptoms
than those with CB1 receptors. Pure THC improved motor symptoms
in these mice.270

• Mice with HD that did not have CB2 receptors had quicker onset and
increased severity of motor deficits. Treatment with a cannabinoid



that targets the CB2 receptor extended life span, improved motor
deficits, and decreased central nervous system inflammation.271

• Mice with HD that were given CBG had a reduction of the mutant
huntingtin protein and an increase in prosurvival compounds.272

• Multiple mice studies reported that treatment with cannabinoids
delayed the progression of the disease and showed less damage of the
neurons involved in HD.273

• Mice with HD that were treated with nabiximols (Sativex) from a
young age with the goal of preventing progression of the disease had
some benefits, but efficacy was less when compared to pure THC.274

As you have learned, phytocannabinoids exert a protective effect on
damaged nerve cells due to their neuroprotective, anti-inflammatory,
antioxidant, and neuroregenerative properties. Cannabinoids have been
examined in a few clinical trials in humans for relief of symptoms of chorea
and behavior issues, listed here:

• The synthetic cannabinoid nabilone was found to improve symptoms
in two studies of HD and worsen symptoms in another.275

• Fifteen patients with HD received CBD, with an average dose of 700
milligrams per day for six weeks, with no improvement or worsening
of symptoms and no adverse side effects.276

• Twenty-four HD patients received nabiximols (Sativex) in a safety
trial and found improvement of sleep and anxiety with no adverse
effects or tolerability issues.277

Because of the ability to identify who will develop HD through genetic
testing, patients may benefit from early intervention with cannabinoids
prior to the onset of symptoms. Research is desperately needed to determine
if cannabinoids can prevent or delay the progression of HD. If so, which
cannabinoids, what dosing, and when to start treatment are all critical
questions.

Patients with HD may choose to use cannabis to help improve their



quality of life. Choice of cannabinoids should be based on the stage of the
disease as well as individual response, but evidence so far points to benefits
from the combination of CBD and THC in a low ratio.278

Parkinson’s Disease

Parkinson’s disease (PD) is a neurodegenerative disorder that primarily
affects motor function and coordination. It results from the death of
dopamine-producing nerve cells in the area of the brain called the substantia
nigra, a part of the basal ganglia, which is responsible for movement. The
cause of PD in most cases is unknown; however, 10 to 15 percent of cases
are genetic. Some environmental risk factors have been associated with an
increased risk of PD, including pesticide exposure and head injury. PD
patients suffer with tremors, rigidity, bradykinesia (slow movement), and
postural instability. Patients may also experience depression, cognitive
decline, sleep disorders, and occasionally psychosis. Research shows 60
percent of PD patients suffer with pain and are prescribed more pain
medications than the general population, but pain is often insufficiently
treated.279 The mainstay of treatment is medication, rehabilitation with
exercise, and occupational therapy, as well as, in some cases, surgery.

There is tremendous interest in the use of cannabinoids to treat as well
as delay the progress of the symptoms of Parkinson’s. We know that the
endocannabinoid system plays a major role in the modulation of dopamine
in the basal ganglia. Researchers have found both TRPV1 and CB2
receptors are present in this part of the brain, both targets of cannabinoid
treatment.280 As with Huntington’s disease, the endocannabinoid system
goes through various changes during the progression of PD, in part as a
response to the onset of the disease, and then as a result of the disease.281 It
appears that certain cannabinoids may help early in the disease, which may
aggravate the condition as it progresses, necessitating a change in the
cannabinoid regimen.

There are a number of published studies on cannabinoid treatment of
PD, almost all of which show therapeutic benefits for symptoms:

• In a randomized, double-blind, placebo-controlled crossover trial with



seven patients with PD, the synthetic cannabinoid nabilone
significantly reduced levodopa-induced dyskinesia (abnormal,
uncontrollable, involuntary movements caused by the use of PD
medication).282

• In a randomized, placebo-controlled crossover study with seventeen
patients with PD, oral cannabis extract was given over four weeks
with no subjective/objective improvements noted; however, the
treatment was deemed safe and well tolerated.283

• In a survey of 339 patients attending a movement disorder clinic, 25
percent reported experimenting with cannabis to treat symptoms.
Almost half of those using cannabis reported improvement with at
least once-a-day use. Use over three months resulted in more
significant alleviation of symptoms. Only four patients reported
worsening symptoms with cannabis use. The researchers reported that
“long-term regular use of cannabinoids is crucial” to obtaining good
results with cannabis for PD.284

• Six patients with Parkinson’s psychosis were treated with pure CBD,
150 to 600 milligrams daily over four weeks, with significant
improvement in thinking and anxiety, and decreases in psychotic
symptoms, with no adverse effects.285

• Twenty-two patients with PD were evaluated at baseline and thirty
minutes after smoking cannabis flowers, with significant
improvement in the Unified Parkinson’s Disease Rating Scale, as well
as decreases noted in tremor, rigidity, and bradykinesia. Additionally,
there was improvement in sleep and pain, with no adverse side
effects.286

• In a study of twenty-one patients with PD, treatment with a placebo,
75 milligrams CBD, or 300 milligrams CBD was given for six weeks.
There were no differences in the Unified Parkinson’s Disease Rating
Scale; however, another PD rating scale, called PDQ-39, showed a
statistical difference between the placebo and the higher CBD
dose.287

• Four patients with PD who had REM sleep behavior disorder were



treated with CBD, with three receiving 75 milligrams per day and one
receiving 300 milligrams per day. Three patients reported a complete
resolution of symptoms and one reported a significant reduction of
symptoms. Symptoms returned when CBD was discontinued.288

• A survey of forty-seven men with PD using medical cannabis to treat
symptoms (thirty-eight of the forty-seven inhaled via smoking) found
improvement in falls, pain, depression, tremor, muscle stiffness, and
sleep.289

• A 2020 placebo-controlled trial of twenty-four patients with PD given
CBD 300 milligrams daily showed decreased anxiety and decreased
tremor amplitude in an anxiety-provoking situation.290

An interesting animal model investigated THCV for PD, finding a
decrease in motor symptoms in addition to a decrease in the loss of neurons,
demonstrating not only symptomatic benefits but also potential disease-
delaying effects.291 These effects are thought to be due to its antioxidant
properties and through its interaction with the CB2 receptor. An earlier
published report supports THCV in combination with CBD for use in PD as
well.292

It is important to note that patients start cannabis treatment when they
are at different stages of a disease, and certain cannabinoids may be helpful
at one point in treatment but may need to be altered as the disease
progresses. For instance, a person in the early stages of PD with mild
symptoms may find relief from CBD; however, as time passes and their
condition and symptoms change, they may need to add in THC or another
cannabinoid.

Patients with PD often report significant relief from tremors, better
sleep, and less anxiety with inhaled THC. Some have found relief with high
doses of CBD-rich cannabis taken sublingually or in capsules. I usually
recommend a combination of THC and CBD to start and then customize the
cannabinoids and dosing depending on a patient’s response. Starting with a
low dose and titrating up is recommended to avoid unwanted side effects,
particularly with THC-rich cannabis. THCV has recently become available
in California, so its efficacy for Parkinson’s in real-world patients will be



interesting to see.

Mary’s Story

Mary’s husband, Mike, contacted my office, desperate for his wife to
be evaluated quickly. A mother and grandmother, Mary had been the
picture of health. She was devoted to her family and had always
made time to be involved in her church and community. When she
was sixty-six years old, her family noted that she began having
memory issues. Her family noted more changes throughout the next
year, including episodes during which she seemed agitated, lost, and
disconnected, not herself. Mary’s family was devastated after she was
diagnosed with dementia.

Over the next three years, Mary declined rapidly, eventually
requiring a caregiver to help provide home care. She had good days
and bad days. Mike sought out second and third medical opinions,
and Mary ended up on multiple medications, but there was no real
improvement. At one point Mary became very aggressive, hitting and
screaming all the time, and she was eventually hospitalized in order
to safely introduce a new antipsychotic to her regimen. She
worsened, becoming terribly confused, refusing to eat, and requiring
help with basic activities of daily living. It was at this point that a
friend of Mike’s referred them to me.

Mary started taking a CBD-rich tincture once she got home from
the hospital, but it caused more agitation. This was not surprising, as
some patients become overstimulated by it. I advised trying a THCA
tincture next, and the results were “remarkable,” according to Mike.
In an email after she’d been on this oil a few weeks, he wrote to me
that she was doing better, had more periods of alertness, an improved
appetite, and “a desire to be on her own two feet.” I advised a low-
dose THC tincture for times of increased agitation, and this helped as
well. Over the next year, with the help of a new neurologist, Mary
was weaned off three of her five pharmaceuticals, and her life
improved even more.



Two years after she started cannabis, I received an email from
Mike, addressed to me as well as Mary’s primary care physician and
neurologist, both of whom were supportive of her cannabis use. Mike
had forwarded a touching article about a man who lost his life to
dementia. Here is the email:

This time two years ago, Mary was hospitalized for the
purpose of safely dosing her up on quetiapine to address her
anxiety, agitation, and physical issues. During those twenty-
eight days I watched her physical self change so dramatically
that when I took her out, she could barely stand, was hunched
over, could not hold her head up, and needed assistance
moving. She was receiving increased doses of quetiapine and
was intermittently receiving shots of haloperidol.

The man described in the article lost his life. I feared that
Mary was going to as well.

So, thank you, all three of you. Your collaboration in titrating
her safely from quetiapine and introducing her to cannabis
therapy has helped her thrive. It has allowed me to enjoy her
every day. She is in a stable state, where she is happy and
joyful. Her sense of humor appears often, and she is upright,
able to walk with slight assistance, and most importantly alive.
I’m not sure I could say that if we hadn’t made the changes
that we did starting in 2017.

Post-Traumatic Stress Disorder

PTSD is a condition brought on by experiencing or witnessing a terrifying
event. A recent study reported that PTSD has a large genetic component,
which explains why only some individuals who suffer through a traumatic
ordeal develop PTSD.293 Symptoms of PTSD include reliving the traumatic
event, flashbacks, nightmares, emotional numbness, disturbed sleep,
irritability, anger, and severe anxiety that interferes with normal
functioning.



The mainstay of treatment for PTSD is therapy and medications, such as
antidepressants, antianxiety medications, and antipsychotics. These
medications may cause significant side effects (especially when more than
one is taken at a time) and have been shown to have limited
effectiveness.294 PTSD sufferers are desperate for effective yet nontoxic
treatment and many have found that cannabis helps to quell the nightmares,
promote sleep, and alleviate anxiety and irritability.

Understanding how cannabis may help patients with PTSD is a major
focus of research, as the number of military veterans with this medical
condition has increased significantly over the past few decades. The
discovery of the endocannabinoid system and the mapping of cannabinoid
receptors (reviewed in chapter 2) shows that cannabinoid receptors are
expressed in high levels in the part of the brain called the amygdala, which
controls anxiety, fear memory, and emotional response to stress.295 In order
to have an adaptive response to fear and to the resulting traumatic
memories, a properly functioning endocannabinoid system must be present.
An abnormality in the endocannabinoid system can predispose a person to
PTSD. Additionally, chronic stress that results from PTSD can further
impair the functioning of the endocannabinoid system, worsening the
condition.

Although published research on the use of cannabis for PTSD is limited,
there are some studies that show a relationship between the
endocannabinoid system, PTSD, and cannabis use:

• Nabilone, a synthetic cannabinoid that binds to CB1, was found to
either eliminate or significantly reduce nightmares in 72 percent of
PTSD patients who did not respond to conventional treatments.
Participants reported improved quality of sleep and a reduction of
daytime flashbacks. When nabilone was discontinued, nightmares
returned, resolving again when the drug was restarted.296

• In a Canadian study, nabilone given to prison inmates with PTSD
showed significant improvement in insomnia, nightmares, and other
PTSD symptoms as well as on the Global Assessment of Functioning
scale. A number of participants were able to discontinue antipsychotic



and/or sedating/hypnotic medications, reducing unwanted side
effects.297

• Multiple abnormalities within the endocannabinoid system were
found in people with PTSD.298

• PTSD patients who were approved for use of medical cannabis as part
of the New Mexico Medical Cannabis Program reported an over 75
percent reduction in symptoms with cannabis use.299

• In Israel, ten patients with chronic PTSD were given oral THC doses
of 5 milligrams twice a day and showed a statistically significant
improvement in global symptom severity, sleep quality, frequency of
nightmares, and PTSD hyperarousal symptoms; three patients
reported mild adverse side effects but did not discontinue use of the
medication.300

• In another report from Canada, a randomized, double-blind, placebo-
controlled crossover study of military veterans with treatment-
resistant PTSD, nabilone administration significantly reduced the
severity and frequency of nightmares, and increased general well-
being.301

• In a 2019 retrospective study of eleven patients with PTSD who
received CBD for eight weeks, 91 percent reported a decrease in
symptom severity, with less anxiety, better sleep, and improved focus.
CBD also relieved nightmares in a subset of patients who reported
this as a symptom of their PTSD. CBD was well tolerated, and no
patients discontinued treatment. Four patients continued on CBD for
thirty-six weeks, and all experienced long-term, sustained decreases
in the severity of their PTSD symptoms.302

Cannabinoid treatment is effective for many of the symptoms of PTSD,
but it is critical that patients understand the concept of receptor
downregulation with THC use. Remember that chronic heavy use of THC-
rich cannabis can cause a decrease in cannabinoid receptor numbers that
will lead to tolerance and eventually to a loss of effectiveness. Patients
with PTSD must be thoughtful about frequency and dosing of THC-



rich cannabis so that tolerance can be minimized and effectiveness can
be maximized.

Some patients with PTSD report to me that using low to moderate doses
of THC with intermittent breaks from use (one day a week or four to seven
days every few months after they have improved symptoms) has been very
effective in reducing their PTSD symptoms. I have a few patients with
PTSD who reported a loss of benefits from the use of THC-rich cannabis
due to overmedicating with high-potency, concentrated formulations, which
created a very high tolerance and worsening anxiety. In addition to
abstaining from cannabis for at least a week in order to upregulate their
receptors, use of high-ratio CBD:THC (approximately 18:1 to 25:1)
cannabis during the time of abstinence helped to minimize THC withdrawal
symptoms in some of these patients. I encourage my patients to include
some CBD in their cannabis medicine regimen since it can be quite helpful
in reducing anxiety and minimizing tolerance. One particular patient has
been able to conquer his PTSD symptoms with daily use of CBD and CBG
tinctures and small doses of THC at night for sleep.

PTSD patients using chemovars with high THCV potency anecdotally
report that this phytocannabinoid also helps to decrease anxiety and can
block panic attacks without causing sedation. Chemovars with significant
amounts of THCV are still somewhat rare to find at this time and often
contain an equal amount of THC, which may or may not be desired.
Terpenoids that may help with PTSD symptoms include myrcene for its
sedating effects, linalool for its calming effects, and limonene for its
antianxiety and mood-enhancing effects. Chemovars high in pinene may
have unwanted effects since this terpenoid can aid and enhance memory,
which is not desirable for someone who is trying to forget their traumatic
experience.

Edward’s Story

Edward came to see me for help with his PTSD and severe insomnia.
He is a war veteran and served two difficult tours of duty in Iraq.
When he came home after the second tour, he was completely



drained but happy to be back with his wife and young child, eager to
grow his family. He started going to school, as he had always
dreamed of becoming a paramedic. It seemed like a fresh start until
the nightmares began a few months after returning home. He became
fearful as night fell, dreading the dark, since it meant he would relive
his worst memories. Staying up late became his routine, and
sometimes he didn’t fall asleep until dawn. He started missing
classes, fought with his wife, and began drinking alcohol, telling me
when we met that he had just wanted to “stop feeling.”

A friend convinced Edward to go to the VA, and after a number of
visits, he was diagnosed with PTSD and prescribed medications for
sleep and depression. Feeling worse, he continued to drink. The
breaking point came when he was supposed to be watching his young
son while his wife was at work. She came home to find the small
child unsupervised, playing in the bathroom, while Edward was
passed out on the couch. Knowing he could not continue like this,
and hearing from his military buddies that cannabis was helping
them, he decided it was time to make a change.

Edward was reluctant to talk about his experiences in Iraq and his
nightmares when we met, so we talked about his family. He shared
how much they meant to him, how he was terrified of losing them,
afraid that he was out of control. Edward started taking a CBD-rich
tincture twice a day with instructions to slowly increase the dose and
to report back to me regularly. We talked about the role of THC in
sleep and breakthrough anxiety, and he decided to try low-dose
edibles at night, with the goal of normalizing sleep. Since many of my
patients who suffered from similar nightmare episodes had found
they resolved with cannabis, I reassured him that this was possible.

The first report from Edward was positive. He was falling asleep
earlier and easier, and was staying asleep longer. He had one
nightmare the first week of CBD treatment but none after increasing
the dose from 25 to 50 milligrams twice a day. He had tried a 5-
milligram THC edible product but was too drowsy in the morning,
finding half that dose quite effective on nights when he felt
particularly anxious. He was pleased to share with me that he had
cut back on his drinking, which also had pleased his wife. Edward



asked about vaping for breakthrough anxiety, and I recommended he
try 1:1 CBD:THC, which he subsequently reported to be effective
and not intoxicating when he took only one or two puffs.

The last time we met, Edward told me he still felt damaged by the
war but proud of his success in getting his life back together. He was
going to group therapy at the VA, exercising regularly, and back in
school. He said cannabis was a piece of the puzzle that helped him
get better and saved his family life. His face lit up when he shared a
picture of his son and told me another child was on the way.

Schizophrenia

Schizophrenia is a chronic, severe, debilitating brain disorder that affects
about 1 percent of the population. Symptoms are categorized into three
types: positive symptoms, which include delusions, hallucinations, agitated
movements, and disorganized thinking; negative symptoms, which include
“flat affect” (a reduction of emotional expressiveness), social withdrawal,
and a lack of pleasure in everyday life; and cognitive symptoms, which
include poor attention, poor executive functioning, trouble with decision-
making, and poor memory. Hyperactivity of dopamine and serotonin, two
important neurotransmitters, plays an important role in the cause of
schizophrenia; however, other neurotransmitters and their receptors are
involved as well.303

Cannabinoid receptors exist in high numbers in the area of the brain
implicated in schizophrenia, with accumulating evidence that
endocannabinoid system dysfunction is likely to play a role in this
condition.304 Remember that if the endocannabinoid system is not
functioning properly, the brain cannot balance the hyperactivity of the
involved neurotransmitters, which results in an imbalance in the messages
brain cells are sending to each other. Cerebrospinal fluid of schizophrenic
patients reveals significantly elevated anandamide, thought to be a result of
the endocannabinoid system’s attempt to restore homeostasis. Interestingly,
researchers found the higher the anandamide, the fewer delusions and other
positive symptoms.305 There are also numerous studies that report
schizophrenia is likely an inflammatory illness, again evidence of



endocannabinoid system dysfunction.
Conventional treatment for patients with schizophrenia is antipsychotic

medications. These drugs have been shown to be effective in reducing the
positive symptoms of schizophrenia but do not appear to help with the
negative or the cognitive symptoms. Additionally, antipsychotic
medications have numerous side effects that can become intolerable,
causing patients to discontinue use. Approximately one-third of patients are
treatment resistant, meaning they do not respond to two or more
medications.

There has been some concern about cannabis, namely THC, causing
schizophrenia (as mentioned in chapter 6). Many teenagers use cannabis,
but only a small fraction develop schizophrenia. Researchers have found
that an underlying genetic susceptibility is likely at play.306 The adolescent
who starts using THC-rich cannabis at a young age and also has a first-
degree family member with mental illness, such as schizophrenia or bipolar
disorder, appears to be the most vulnerable. Once the brain is fully
developed, it seems there is no increased risk of schizophrenia with
cannabis use.

The first case report of a patient with schizophrenia responding to CBD
treatment was published in 1995.307 Since that time, there have been a few
published human trials of the benefits of CBD for psychosis, summarized
here:

• In a double-blind, controlled clinical trial, CBD significantly reduced
acute psychotic symptoms after two and four weeks of treatment. In
this trial, CBD did not differ in efficacy from an atypical
antipsychotic except for a lower incidence of side effects.308

• In another double-blind study of thirty-nine acutely psychotic
inpatients, cannabidiol improved symptoms similarly to another
antipsychotic medication; however, CBD had fewer unwanted side
effects.309

• In a randomized, placebo-controlled study, forty-five patients with
schizophrenia who received 1,000 milligrams of CBD per day had
lower levels of positive psychotic symptoms and were more likely to



have been rated as improved and as not severely unwell by the
treating physician. There were no adverse effects.310

• A case report of a fifty-seven-year-old female with treatment-resistant
schizophrenia added CBD, up to 1,500 milligrams per day, to the
existing pharmaceutical regimen of clozapine and lamotrigine,
resulting in significant improvement.311

• Two studies did not show improvement. The first gave only a single
dose of either 300 or 600 milligrams of CBD and found no difference
when compared to a placebo.312 The other study looked at stable
patients, meaning not acutely psychotic, and found no difference with
600-milligram daily dosing.313

Although there is concern about patients with schizophrenia using THC,
I have a small number of patients with this condition using THC-rich
cannabis with excellent results, mostly to treat breakthrough anxiety. They
have been educated about the important terpenes that target anxiety—
namely myrcene, limonene, and linalool—and are choosing chemovars that
give antianxiety and calming effects. Others are using CBD-rich cannabis
with reports that they experience fewer hallucinations and delusions, with
improved mood and much less anxiety. Almost all of these patients are
combining cannabis with conventional antipsychotic medications with good
results, as indicated by fewer hospitalizations and reports of improved
interpersonal relationships and better functioning. The biggest issue with
CBD for use in schizophrenia is the cost of high daily doses, which can
range from 300 to 800 milligrams per day, costing three hundred dollars or
more per month, a large out-of-pocket expense for someone who may be
unable to work due to their illness.

Skin Disorders

The skin is the human body’s largest organ and serves as a most important
barrier, protecting us from the external world. Both CB1 and CB2 receptors
are found throughout human skin tissue. The role of the endocannabinoid



system in skin is thought to regulate cell growth, both promoting wound
healing and blocking skin cell growth in certain conditions. It is also
responsible for controlling the immune function of skin, regulating what is
called “cutaneous homeostasis.” Our understanding of the endocannabinoid
system and its role in skin conditions is still in its infancy. The following
are the main research findings.

Acne

As one of the most common skin disorders, acne can cause psychological
distress and negatively impact quality of life. Acne is considered a
multifactorial condition—that is, many factors contribute to its development
and course. Experts studying the effects of cannabinoids on this condition
have found that CBD, CBDV, and THCV exert potent anti-acne effects,
with THCV having the most potency in a test-tube study.314 There are no
human clinical trials using phytocannabinoids for acne; however, a number
of companies are investigating patented synthetic cannabinoids for this
indication.

Allergic Contact Dermatitis

Allergic contact dermatitis is a red, itchy rash that occurs due to direct
contact with a substance causing an allergic reaction. Often caused by
soaps, jewelry, plants, or cosmetics, the rash can be quite uncomfortable. In
one study, topical THC applied to allergic contact dermatitis in mice
decreased allergic swelling as well as inflammatory cells and compounds
found in the skin.315

Atopic Dermatitis/Eczema

Atopic dermatitis, also called eczema, is a chronic skin condition
characterized by dry, itchy, scaly skin. It is thought to be caused by
allergies. Eczema flare-ups are when the skin becomes inflamed with large
red patches. There is no known cure for this condition, but topical
medications, including steroids, are often prescribed. Animal studies have
found the endocannabinoid system to play a large role in regulating skin



inflammation.

• Mice bred without an endocannabinoid system developed severe skin
inflammation and, on skin biopsy, had significantly more
inflammatory cells throughout the layers of their skin.316

• Mice bred to have no FAAH, the enzyme that breaks down
anandamide (meaning anandamide stayed around longer), had fewer
allergic responses. Additionally, compounds that blocked the
cannabinoid receptors aggravated allergic inflammation.317

• In mice with chemically induced atopic dermatitis, topical application
of CB1 receptor activators reduced inflammatory compounds in the
skin, including histamine, a compound that causes inflammation after
it is released in response to an allergic trigger.318

• In a study of 2,456 patients with allergic eczema, treatment with a
topical cream containing the endocannabinoid N-
palmitoylethanolamide (PEA) significantly improved dryness,
scaling, and redness in 70 percent of patients, with 56 percent
reporting they were able to eliminate topical steroid creams.319 (A
quick note about PEA: this endocannabinoid does not bind to CB1 or
CB2 receptors; rather, it blocks the breakdown of anandamide,
enhancing its effects.)

Collectively these studies show the skin’s inflammatory response is
likely under the control of the endocannabinoid system.

Pruritis/Itching

Pruritis is the medical term for the unpleasant sensation of itchiness that
leads to excessive scratching. Pruritis is present in many common skin
conditions and is notoriously difficult to treat.

Animal studies documented that cannabinoids are effective at reducing
pruritis.320 Additionally, human trials using topical preparations containing
cannabinoids reduced itching significantly.321



In the aforementioned study of 2,456 patients with allergic eczema,
which causes uncomfortable pruritis, treatment with a topical cream
containing the endocannabinoid PEA significantly decreased itchiness
without side effects.322 Patients also reported better sleep. Three other
studies using creams containing PEA as well as additional cannabinoids
found similar findings, with either resolution or a significant reduction of
itching without any adverse side effects.323

Psoriasis

Psoriasis is a skin disorder in which skin cells, called keratinocytes,
multiply faster than normal, building up and forming scales and itchy, dry
patches. There are a few different types of psoriasis, with plaque psoriasis
being most common. Sometimes joints are inflamed as well, indicating the
type of psoriasis called psoriatic arthritis. Psoriasis is considered to be an
autoimmune disorder. Many factors can trigger it, including hormonal
changes, stress, smoking, alcohol, certain medications, and infections.
Treatment consists of topical medications, light therapy, and systemic
medications.

There is some evidence that psoriasis may be due to endocannabinoid
system dysfunction, with multiple abnormalities of endocannabinoid system
components. For instance, blood tests on patients with psoriasis revealed
their endocannabinoid levels were elevated, as were the enzymes that break
them down, along with upregulation of CB1 and CB2 receptors.324

A 2007 article investigated a number of phytocannabinoids, specifically
THC, CBD, CBG, and CBN, for their ability to inhibit hyper-proliferating
keratinocytes, the cells that build up in psoriasis. All four compounds were
found to inhibit the skin cells from multiplying, with CBG being the most
potent and CBD the second most potent. The researchers found that these
effects were not due to interaction with the cannabinoid receptors.325

I have successfully treated a number of patients with psoriasis. Most use
daily topical cannabinoid preparations with CBD, CBG, and/or THC.
Patients report inhaled, sublingual, or oral THC-rich or CBD:THC
preparations to be helpful with anti-inflammatory effects, improving sleep,
reducing anxiety, and reducing itching. CBDA and THCA, with their potent
anti-inflammatory effects, may be beneficial for this condition as well.



Skin Cancer

There are three types of skin cancer: basal cell carcinoma, squamous cell
carcinoma, and melanoma. Basal cell and squamous cell carcinoma are for
the most part not life-threatening and commonly result from prolonged
exposure to UV radiation from the sun. Melanoma, the most serious of skin
cancers, starts in melanocytes, cells that make the skin pigment melanin.
Melanoma is more dangerous because it is more likely to metastasize.

In a multipart study investigating cannabinoids as a treatment for skin
cancer, researchers found that CB1 and CB2 receptors were expressed not
only in healthy skin cells but also in all skin cancer cells, including
melanoma.326 Cannabinoids caused apoptosis (cell suicide) of skin cancer
cells implanted into mice, inhibited tumor growth, and inhibited
angiogenesis (the growth of blood vessels feeding the cancer cells).
Cannabinoids also decreased epidermal growth factor receptor (EGFR), a
chemical that encourages the cancer to grow. Multiple studies report the use
of cannabinoids decreased the number of viable melanoma cells in the
laboratory and in mice.327 Unfortunately, there are no human studies.

Clinically, there are many anecdotal reports of patients using topical
preparations of cannabinoids for various skin rashes and skin cancers.
Preparations can be of any of the available cannabinoids, and often patients
will apply different combinations to find what works best. Skin itchiness
may respond to topical preparations, but often patients have reported taking
THC-rich cannabis and/or combination CBD+THC preparations in order to
sleep. There are anecdotal reports of less serious skin cancers responding to
a topical application of cannabinoids.

Sleep Disorders

Sleep disturbance is one of the most common reasons patients come to my
office. Poor sleep is associated with increased risk of inflammation and “all
cause mortality”—meaning sleep is crucially important to living and to
living healthfully.328 Significant conditions that have a negative impact on
your life—such as anxiety, depression, poor memory, anger, increased risk
of accidents, and increased risk of cardiovascular diseases—are all



increased when you are not getting good sleep. Even the Centers for
Disease Control has called insufficient sleep a public health crisis.329

Those suffering from sleep difficulty will often try over-the-counter
sleep aids or prescription sleep medications, both of which fall into a group
of medications called hypnotics. In addition to the well-known and
unwanted side effects of morning grogginess and potential sleep behaviors
(for instance, waking and eating in the middle of the night with no memory
of doing so), research shows that taking hypnotics is associated with a
greater than threefold increased risk of death as well as an increased risk of
cancer.330

Numerous studies on the effects of cannabinoids and cannabis for sleep
have been published. Unfortunately, the overall quality of most of the
reports is considered low, as confounding factors such as age of
participants, type of cannabis or cannabinoids, cannabinoid dosing, and
duration of use were not controlled and varied greatly from study to study.
It is quite difficult to draw any useful conclusions since the findings from
these studies are often conflicting.

A 2014 review of the literature documents the findings from thirty-nine
studies, summarized here:

• With recreational use (the focus of eleven studies with 203
participants), the results varied tremendously, some showing better
sleep and some not, making it difficult to determine the true effects on
sleep.

• With medicinal cannabis use (the focus of twenty-eight studies with
3,658 participants), the studies included sleep as a treatment outcome
while primarily concerned with the efficacy of medicinal cannabis for
other conditions, such as pain, MS, and cancer. Approximately 65
percent of the studies used synthetic cannabinoids, with the rest using
nabiximols (CBD:THC 1:1, Sativex). Although there was no
objective measure of sleep, twenty of the twenty-eight studies showed
a significant and positive impact on sleep.331

Additionally, some patients, especially those with PTSD, report that



cannabis helps prevent nightmares. A few studies have shown that it
reduces the frequency and intensity of nightmares and improves sleep.332

We still have a long way to go in sorting out how cannabis and
cannabinoids affect sleep. That being stated, many of the patients I have
evaluated for use of cannabis report better sleep. Most struggle primarily
with pain, chronic illness, anxiety, and other conditions in which sleep has
been negatively affected. Cannabis serves multiple purposes, often
replacing both pain medications and sleep aids. I have also successfully
treated patients with primary insomnia, sleep apnea, restless leg syndrome,
nightmares, and bruxism (grinding of the teeth). Patients who report better
sleep with cannabis use tell me they have a quicker onset of sleep and are
able to stay asleep through the night. They also feel well rested upon
awakening and, for the most part, do not experience morning grogginess.
Those who feel tired the next morning can easily resolve this issue with a
change of dosing, product, or timing of dosing.

THC and the terpenes myrcene and linalool are sedating for most
people. Pinene, through its interaction with GABA, has been shown to
enhance non-REM sleep and help the onset of sleep in mice.333 Patients are
using various methods to achieve better sleep. Inhalation or sublingual use
of THC-rich cannabis helps with the onset of sleep. Ingestion of cannabis
edibles often will prevent waking in the middle of the night due to their
longer-lasting effects; however, they can take about two hours to be
effective, so they should be ingested at least a few hours before the desired
bedtime. It is always best for anyone new to cannabis to start with a very
low dose of edibles, such as 1 to 2.5 milligrams, because higher doses may
be too stimulating at first. Almost all patients using cannabis to help with
sleep have to experiment with different doses and methods, adjusting to fit
their individual needs.

Some patients who are using sleeping pills on a regular basis may have
rebound insomnia when switching to cannabis. Poor sleep is likely due to
the brain adjusting to the lack of sleeping pills, and in time, better sleep will
be restored. I have witnessed many patients discontinue use of sleeping pills
by adding cannabis and get through the transition period with the result of
improved quality of sleep and no adverse side effects.

Just a reminder that CBD in low doses can be alerting (but not for
everyone) and in higher doses can be sedating. These effects vary from



person to person. Some patients report not feeling either alert or sedated
with CBD. If you are using CBD for another condition, you may want to
avoid taking it right before bedtime, as it can interfere with sleep in some
patients. Once you see how it affects you, you can adjust the timing so that
it does not adversely interfere with sleep.

Sleep Apnea

Sleep apnea is a disorder in which breathing is repeatedly interrupted during
sleep, leaving the affected individual tired in the daytime. It can be
obstructive (airway blockage from relaxation of soft tissue in the throat),
called OSA, or central (the brain fails to signal breathing). It is associated
with obesity, older age, a large tongue, a large neck, or large tonsils, and it
can increase the risk of health problems such as heart attack, high blood
pressure, depression, ADHD, and headache. Treatment of OSA is with a
device called a continuous positive airway pressure (CPAP) machine, which
is highly effective but often associated with poor compliance due to
discomfort or a sense of claustrophobia with the mask, the loud noise of the
machine, or intolerance to the forced air from the mask.

A 2002 study of mice, looking at the effects of an endocannabinoid and
THC, showed that both suppressed sleep apnea.334 Three human studies
assessed the use of dronabinol ranging in doses from 2.5 milligrams up to
10 milligrams to treat OSA. All three found the cannabinoid to reduce the
apnea episodes, although some side effects were reported (which may be
due to the use of a synthetic cannabinoid, as clinically, patients using
whole-plant products do not report similar side effects).335

Many of my patients with sleep apnea report that a low dose of THC at
night helps them to stay compliant with the use of the CPAP because they
have less discomfort from the device and are able to fall asleep easier.

Spinal Cord Injury

Spinal cord injury refers to any injury to the spinal cord or to the nerves at
the bottom of the cord, causing permanent changes in strength, sensation,
and other body functions below the site of the injury. People with spinal



cord injuries suffer loss of movement and sensation, chronic pain, bowel
and bladder problems, and extremity contractures (permanent tightening of
the skin, muscles, tendons), as well as anxiety, depression, and sleep issues.
Unfortunately, there is no way to reverse spinal cord damage.

Damage results from not only the initial spinal cord injury but also a
secondary injury, brought on by the body’s reaction to the insult. A massive
inflammatory response descends on the area involved, creating more long-
term tissue damage, swelling, cell death, and spinal cord dysfunction.
Cannabis research, although scarce, has focused on prevention of this
secondary response as well as symptomatic relief for patients. Both animal
and human studies are listed here, showing promising therapeutic benefits,
including pain relief and a decrease in spasticity:

• Mice with spinal cord injuries given a synthetic compound that binds
to the CB2 receptor had improved motor function and improved
bladder function, and seven days after the injury, there was a
significant reduction of the cells causing inflammation as well as pro-
inflammatory compounds.336

• Mice with pain from spinal cord injuries given a synthetic
cannabinoid showed improvement in pain response.337

• A survey of forty-three people with spinal cord injuries reported
decreased spasticity with cannabis use.338

• Of 117 patients with spinal cord injuries and chronic pain who were
surveyed, 32 percent reported significant pain relief from cannabis;
additionally, it was rated the most effective of all treatments reviewed
by participants.339

• In a 2007 study, twenty-five patients with spinal cord injury received
either oral THC or rectal THC-hemisuccinate, resulting in a
significant decrease in spasticity scores. The researchers concluded,
“THC is an effective and safe drug in the treatment of spasticity.”340

• A report of eleven patients with spinal cord injury given the synthetic
cannabinoid nabilone found significant reduction of spasticity.341

• In 2016, in a placebo-controlled trial, forty-two patients with



neuropathic pain from spinal cord injury vaporized placebo, low-dose
THC, or high-dose THC. Both doses of THC provided highly
statistically significant pain relief.342

Patients with spinal cord injury often find relief with either THC-rich
cannabis or combination CBD+THC products based on personal preference
and response. Some prefer to inhale since the rapid onset provides quicker
relief of spasticity and pain. A few of my patients report that sublingual
tinctures and/or edibles give a longer, more even effect. THCA, CBDA, and
CBG may also be used for pain and decreased inflammation. I encourage
patients with cervical or thoracic injuries who want to inhale to use
vaporizers rather than smoking to reduce any risk of pulmonary infection.
Terpenoids that are relaxing and sedating, such as linalool and myrcene, can
be helpful for spasticity, anxiety, and sleep.

Andrew’s Story

Andrew has been my patient for many years, and I wrote about him in my
previous book. An update is included at the end of the original story.

Andrew initially injured himself while working with shipping
containers on the docks in Long Beach. He had to undergo surgery
on his back to fuse two vertebrae and was declared disabled,
suffering near-constant pain. He was prescribed opiates, but they
made him anxious, and worried they were only a Band-Aid, he got
used to living with pain. He underwent months of physical therapy,
which restored some mobility and allowed him to function better.

Andrew is a single father of four children and loved tinkering and
riding ATVs with them. Two years after his back surgery, while
traveling on a country fire road in canyon country with his kids, his
vehicle hit a rut, wobbled, and then hit a cow fence. The ATV
stopped, but he kept going. He was airlifted from the site and learned
soon after that he was paralyzed from the nipples down.



“I’m not dead,” Andrew stated, despite the paralysis. His arms
still worked, so he went back to work as a clerk. The hours it took to
get ready to go to work on the docks were often filled with pain. He
had developed digestive problems because of the paralysis, and he
experienced a considerable amount of nausea, pain, and anxiety
daily. Some days his stomach hurt so much that he had to leave work
early. He could barely eat. His back constantly seized up and
contracted. If someone touched his skin, he might feel nothing, but
internally he could feel it as it deflected to his stomach. His kids
noticed, winced at his pain, but learned to live with it just as he did.
The doctors prescribed many different medications, but these made
him even more depressed and increased his anxiety. He continued to
try various prescriptions, determined to be present and a good father
for his kids, but the ten medications he was prescribed, along with
many OTC medicines, only made him feel worse.

Andrew knew nothing about the medicinal value of cannabis and
had even tried Marinol (synthetic THC available with a prescription)
with no effect. He was dubious that medical cannabis would do
anything for his constant pain and nausea, but he decided to try it. It
has changed his life. Both inhaling it and taking cannabis edibles
have helped to lessen the stomach issues and the anxiety. He reports
that he is able to eat, his back spasms have improved, and his anxiety
has diminished considerably. Cannabis even helps ease the severe
and debilitating pain he’s had in his left hip ever since the accident.

Andrew uses his cannabis medicine before work, later at his lunch
break, and when he gets home. Far more independent, he is able to
stretch every day and perform a series of exercises to keep himself
strong. Getting up in the dark hours before dawn, Andrew is
determined to be as hardworking and independent as he’s ever been.
He has had great results and has overcome many obstacles.

His children have witnessed his pain and problems and seen how
much the cannabis helps him. Andrew and his kids have a mission-
like intensity about educating the public on the medicinal value of
cannabis. Andrew wants to change the stigma around it and share
how it has improved the quality of his and his family’s life.

Update: I recently spoke with Andrew, who continues to struggle



with issues related to his paralysis. He still relies on cannabis as his
medicine to treat his chronic pain. Although the pain is never really
gone, cannabis makes it tolerable. He was recently hospitalized after
breaking a bone, and since the hospital forbids cannabis use, he was
forced to take pharmaceuticals for his medical issues. He told me the
experience made him reflect on just how much cannabis has helped
him, sharing that he could not imagine his life without it.

Tourette Syndrome

Tourette syndrome (TS) is a neurological disorder manifested by repetitive,
involuntary movements and vocalizations called tics. The disorder is named
for Dr. Georges Gilles de la Tourette, the French neurologist who first
described the condition in an eighty-six-year-old French noblewoman in
1885.

The cause of TS is still unknown. Recent research points to a genetic
cause, with about a 50 percent chance of parents passing the gene on to
their children. Abnormalities in certain brain regions, including the basal
ganglia, cortex, and frontal lobes, and in the neurotransmitters dopamine,
serotonin, and norepinephrine, have been found in persons suffering from
TS and are a focus of current research.

Many patients with TS are finding relief from their symptoms with
cannabis. A large percentage of people who have been diagnosed with TS
also suffer from other significant conditions, such as OCD, ADHD, mood
disorders, and anxiety. The conventional medications used to treat these
conditions are not always helpful and often cause a wide array of unwanted
side effects.

Research on the use of cannabis for TS has been led by neurologist and
psychiatrist Kirsten Müller-Vahl, MD, and her group at Germany’s
Hannover Medical School. Here is a summary of her research, along with
other results on human use of cannabis for Tourette syndrome:

• Of the TS patients who reported prior use of cannabis, 82 percent
experienced a “reduction or complete remission of motor and vocal



tics and amelioration of premonitory urges and OCD symptoms.”343

• A 1999 report documented the successful treatment of a twenty-five-
year-old male with Tourette syndrome who received a single dose of
10 milligrams of THC, with reduction of his tic severity score from
41 pre-THC to 7 post-THC treatment.344

• A case study of a twenty-four-year-old female with TS and extreme
tics showed that she improved with a combination of THC and an
antipsychotic medication called amisulpride.345

• A 2002 report found a significant improvement of tics and obsessive-
compulsive behavior after treatment with THC compared to placebo
in twelve adult patients with TS who also had other psychiatric
disorders.346

• In a randomized, double-blind, placebo-controlled study, twenty-four
patients with TS treated over a six-week period with up to 10
milligrams per day of THC showed statistically significant
improvement in symptoms.347

• In the first of a two-part study, twelve patients with TS found that
THC significantly reduced motor and vocal tics compared to
treatment with a placebo. The second part included twenty-four
patients who were treated with THC or a placebo for six weeks. The
authors concluded, “THC reduces tics in TS patients without any
serious adverse side effects and no impairment on neuropsychological
performance.”348

• A case report of a forty-two-year-old man with treatment-resistant TS
showed a significant reduction of tics with THC, with improvement in
concentration and visual perception.349

• In another case report, two teenage males suffering with
incapacitating stuttering caused by vocal-blocking tics received
medical cannabis or dronabinol and had significant improvement of
speech and a reduction of tics.350

• A 2018 survey conducted in Israel reported that thirty-eight of forty-
two patients who used medical cannabis for TS had reduced tic
severity, better sleep, and improved mood.351



• A case report of a seven-year-old boy with severe TS and ADHD—
who, after becoming depressed, suicidal, and socially isolated, did not
respond to conventional medication—showed that oral THC drops
significantly decreased his tics and improved his focus, social
interaction, and overall quality of life, with no adverse effects.352

• A case report of a twelve-year-old with TS, who was treated by
parents with vaporized and oral THC, showed immediate and nearly
complete remission of tics with no adverse side effects.353

• In 2019, German researchers surveyed patients who used
cannabinoids for TS, with the majority reporting a subjective
improvement in tics, sleep, OCD, ADHD, and tolerable side effects.
Whole-plant THC-rich strains were preferred over a CBD+THC
combination and synthetic cannabinoids (dronabinol).354

• A case report of a female with TS showed a rapid and highly
significant improvement with 20 milligrams CBD plus 10 milligrams
THC.355

All of the patients with TS who have come to my office seeking help
have tried numerous pharmaceuticals and found them to cause intolerable
side effects and/or to be ineffective. The adult patients in my practice are
using mainly THC-rich cannabis products to help decrease the number of
tics and other symptoms of TS and its related conditions, and they report
improved quality of life and no adverse side effects. Tolerance has been an
issue for a few, who now take a short break in treatment as part of their
routine, usually one to three days off THC every few months, with a return
of efficacy at lower doses. In the pediatric population, a number of patients
have responded to both high-ratio and low-ratio CBD:THC preparations,
with a wide range of effective dosing. Recently I treated a teenage boy with
TS who had increased anxiety with THC and no efficacy of high-ratio
CBD:THC, but he responded with a reduction of tics and anxiety on a
combination of THCA and CBG.

Traumatic Brain Injury



Traumatic brain injury (TBI) occurs when an external force delivers a
violent blow to the head, resulting in brain dysfunction. Blunt-force trauma,
penetrating injury, and/or a severe skull fracture can be the cause. TBI may
be mild, with temporary brain damage, or quite serious, causing permanent
and long-term complications and death. The symptoms of TBI vary widely
and can include headache, nausea or vomiting, fatigue, difficulty sleeping,
loss of balance, sensitivity to light or sound, seizures, communication
problems, memory or concentration problems, mood swings, depression
and/or anxiety, slurred speech, agitation, and/or combativeness. It also has
been linked to dementia and chronic neurodegenerative changes in the
brain. TBI interferes with the quality of life for both the patient and their
family.

A concussion is considered a mild traumatic brain injury that may cause
temporary symptoms before a full recovery is made; however, 15 to 30
percent of people with a concussion will go on to have post-concussion
syndrome. This is a complex condition that affects memory, attention,
energy level, sleep, and mood. There are no pharmacological treatments for
post-concussion syndrome.

Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease
that has been associated with repetitive mild TBI, and is common in
football players and other athletes.

After initial treatment and stabilization of any of these head injuries,
many patients go through rehabilitation to relearn basic life functions and
how to perform daily activities. They often end up on multiple medications,
such as sleeping pills, antidepressants, antianxiety medications, mood
stabilizers, anticonvulsants, pain relievers, and antipsychotics.

When the brain sustains an injury, there is immediate damage to brain
cells. This is followed by a secondary response from the immune system,
which descends upon the brain to help repair the affected brain cells.
However, this response from the immune system includes a release of pro-
inflammatory compounds known to contribute to more brain cell injury.
Scientists have been searching for a way to improve the beneficial
“repairing” immune response and minimize the unwanted “damaging”
secondary response. Currently there are no adequate conventional
treatments to do this.356 The endocannabinoid system and
phytocannabinoids may be the answer.



Phytocannabinoids are proven neuroprotective agents with potent anti-
inflammatory properties, and thus the use of cannabis is a major focus of
investigation for TBI and related neurodegenerative conditions by
researchers all over the world. Animal studies are promising and
summarized here:

• Immediately after a brain injury, endocannabinoids are significantly
increased, providing neuroprotection.357

• Endocannabinoids decrease the intensity and duration of toxicity to
brain cells after induced chemical damage.358

• After a brain injury, endocannabinoids lessen the inflammatory
process and enhance brain cell survival.359

• Synthetic cannabinoids given to animals with brain injury protected
against brain cell death and injury in multiple studies.360

• CBD given immediately after both oxygen and blood-flow
deprivation reduced brain cell injury, cerebral hemodynamic
impairment, brain swelling, and seizures. Motor function and
behavioral performance were restored within seventy-two hours after
the insult.361

• A synthetic compound that selectively binds to CB2 receptors (with
no interaction at the CB1 receptors) decreased inflammation, reduced
swelling, enhanced blood flow to the brain, and improved behavior
(less anxiety, better motor skills) after TBI.362

• Mice that underwent TBI and developed chronic pain, anxiety, and
aggression were improved with oral CBD given during the first two
weeks after the injury and again for ten days starting on day 50 after
the injury, corresponding to times when symptoms from the injury
were observed. CBD normalized the neurotransmitters glutamate and
GABA after a TBI. CBD decreased aggression and depression and
improved sociability.363

Human clinical trials have not been done, but two reports on patients
with TBI who used cannabis reveal some benefits:



• A three-year retrospective review revealed that a positive THC screen
was associated with decreased mortality in adult patients sustaining
TBI; mortality of patients was 2.4 percent with a positive THC test
and 11.5 percent with a negative THC test.364

• Cannabis users who sustained concussions had significantly fewer
symptoms during week 3 and week 4 after the injury when compared
to tobacco and alcohol users.365

In my clinical experience, patients with TBI benefit from cannabis. They
report a relief from pain, enhanced sleep, less agitation, and mood
stabilization. They also report no adverse side effects from cannabis use and
are able to discontinue most, if not all, pharmaceuticals. Depending on
personal preference, some are using high-ratio CBD:THC and others prefer
low-ratio products. I encourage all of my patients with TBI to include CBD-
rich cannabis in their regimen for its added anti-inflammatory and
neuroprotective properties. Additionally, CBG or the raw cannabinoids
THCA and CBDA may help enhance anti-inflammatory effects.

Patrick’s Story

Patrick is a fifty-two-year-old firefighter who, after thirty years on
the job, still loved his work but wanted to spend more time with his
family. He figured he would retire at fifty-five and still be young
enough to pursue his other interest, restoring old cars. “I made
plans, but God decided to change them,” he said when we met.

Patrick’s firehouse was called to a large warehouse fire. They
responded and got to work putting out the fire. Patrick doesn’t
remember the injury but says that his fellow firefighters reported he
was hit in the head when a ladder accidentally fell over, striking his
helmet and causing him to fall to the ground, where he hit his head
again on the concrete. Losing consciousness, he reportedly was out
for only one minute. He was checked out by the paramedics on the
scene, who told him he should go to the ER for an evaluation of the



head injury. Despite his protests that he was fine, his colleagues told
him that he seemed dazed and slow to respond.

After the fire was extinguished and the firefighters were back at the
firehouse, Patrick started experiencing nausea and vomiting,
accompanied by a terrible headache. He went to the ER, and after a
number of tests, he was diagnosed with a grade 4 concussion. He
stayed home for the next two weeks, and although he initially felt
better, he started to have more headaches and dizziness. His primary
care physician diagnosed him with post-concussion syndrome,
stressing the need for further rest.

After two months of what Patrick called “being a bum,” he
returned to work despite continuing to experience headaches,
irritability, and occasional dizziness, as well as having difficulty
focusing. He also struggled to work on the hot rod he was restoring,
and after another few months of continued symptoms, Patrick started
to feel depressed and anxious that he would never fully recover. He
was prescribed antianxiety medications and antidepressants, which
he was reluctant to take. He tried some other interventions, including
acupuncture and physical therapy, but nothing seemed to help. After
almost one year of struggling with symptoms, Patrick considered
suicide, as he could no longer work, enjoy his family, or enjoy his
beloved car hobby.

One of Patrick’s friends mentioned cannabis to him, but after
having a bad experience in high school, he was reluctant to try it.
When his wife asked him to reconsider, stating he had nothing to
lose, he did some research and read about others who had had
positive responses to CBD. When I met Patrick, he seemed nervous.
But it was obvious to me that he was suffering. His eyes welled up
with tears when he told me he loved being a firefighter and was
devastated to think he would no longer be able to work as one.

Patrick began with low doses of an 18:1 CBD:THC tincture,
working up over a few weeks to higher doses of about 150 milligrams
twice a day. He noted in the first week that he felt better, and by
about six weeks of treatment, he reported his headaches had
resolved, his mood was better, and he was no longer depressed and
anxious. He also noted, though, that he still felt dizzy during and



after exercising. He tried a higher dose of CBD (200 milligrams
twice a day), and after a number of weeks, these symptoms were
almost completely resolved. Patrick has not experienced any
unwanted side effects from CBD and has continued taking it for the
last few years, reporting he feels like his old self. He wrote in an
email to me:

It seems crazy that no one had anything to help me get
better and the one thing that is helping me is still illegal. This
seems so unfair for those that are suffering.
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Appendix A

The History of Cannabis

The history of cannabis and its path to illegality is fascinating. The plant
was cultivated in Asia over ten thousand years ago, and its use as a
medicine has been well documented. Here is a time line that highlights
important dates:

2700 BCE: Legendary Chinese emperor Shen Nung writes about herbal
remedies in Shen-nung Pen Ts’ao Ching, in which cannabis is recorded
as a treatment for pain associated with gout and arthritis.

2350 BCE: A description of cannabis is entered in the Pyramid Texts of
Egypt.

1700 BCE: Cannabis is described in the medical papyri in ancient Egypt
and Mesopotamia (Ramesseum III Papyrus and Eber’s Papyrus) as a
treatment for eye conditions, female disorders, migraine headaches, and
toenail conditions.

1350 BCE: Traces of hashish (concentrated cannabis resin) are placed with
the remains of a young woman who died in childbirth; it is thought to
have been used to ease the labor of childbirth.

1200 BCE: The Atharva Veda, a collection of Hindu texts, lists cannabis as
one of the five sacred plants.

440 BCE: Herodotus writes about Scythians using cannabis during funeral



rites.

1542: Cannabis sativa is named by German physician and botanist
Leonhart Fuchs in his book De Historia Stirpium Commentarii Insignes.

1600s: Cannabis is used for sleep, dysentery, appetite, headaches, and
digestive problems in India.

1798: Napoleon’s soldiers bring hashish from Egypt back to France, where
it becomes a focus of study by scientists for its pain-relieving and
sedating properties.

1833: Irish physician Dr. William O’Shaughnessy travels to India, where he
witnesses cannabis being used for arthritis, rabies, cholera, and
convulsions.

1840s: A tincture of cannabis (cannabis in alcohol) becomes available as a
medicine in Europe and in the United States.

1842: Dr. O’Shaughnessy brings cannabis back to Europe, where it
becomes popular for treatment of depression, asthma, migraine
headaches, female disorders, nerve pain, and muscle spasms.

1840–1900: Numerous reports of the therapeutic and medicinal benefits of
cannabis are published in medical literature. In 1894, the Report of the
Indian Hemp Drugs Commission is published, concluding that
“moderate use practically produces no ill effects.”1

1911: Massachusetts passes a law making it illegal to sell or possess
cannabis and other “hypnotic” drugs without a prescription; New York
and Maine follow suit in 1914. Between 1915 and 1927, eight more
states pass anti-cannabis laws.

1936: The film Reefer Madness is released to warn parents about the
dangers of cannabis use, brainwashing an entire generation with
misinformation.

1937: Harry Anslinger, the first commissioner of the US Treasury
Department’s Federal Bureau of Narcotics, gets the Marihuana Tax Act



of 1937 passed. Taxes are placed on anyone who wants to use hemp
industrially or cannabis medically, and those who do not comply are
fined heavily or jailed for tax evasion.

1938: New York’s mayor Fiorello La Guardia appoints a committee of
scientists to assess the medical, sociological, and psychological aspects
of cannabis use in New York City.

1941: Cannabis is removed from the National Formulary and is no longer
available for medical use in the US.

1944: Mayor La Guardia’s study of cannabis reports no proof of major
crime associated with cannabis, no association with aggression or
antisocial behavior, and no evidence of personality change or sexual
overstimulation. The study is denounced and ignored.

1951: Congress passes the Boggs Act, which sets harsh mandatory
sentences for violations of the Marihuana Tax Act of 1937.

1964: Israeli researchers isolate and identify delta-9-tetrahydrocannabinol
as the psychoactive compound in the cannabis plant.

1970: Congress and President Nixon pass the Controlled Substances Act
into law, which places cannabis into the most restrictive category,
Schedule I, defined as having no medicinal value, a high potential for
abuse, and a high potential for addiction.

1972: The National Organization for the Reform of Marijuana Laws
(NORML) launches the first petition to reschedule marijuana from
Schedule I to Schedule II. The petition was eventually given a hearing in
1986 and was ultimately denied.

1973: Researchers led by UCLA pulmonologist Dr. Donald Tashkin find
that both smoked cannabis and oral THC cause an opening of the
pulmonary airways, not a constriction of the lungs as was previously
presumed. Oregon is the first state to decriminalize cannabis.

1975: Researchers report in the Journal of the National Cancer Institute



that some cannabinoids have the ability to shrink tumors in a dose-
dependent manner.

1976: Glaucoma patient Robert Randall files a lawsuit against the Food and
Drug Administration (FDA), the Drug Enforcement Administration
(DEA), the National Institute on Drug Abuse (NIDA), the Department
of Justice (DOJ), and the Department of Health, Education and Welfare
(HEW), claiming that cultivation of marijuana, for which he is being
prosecuted, is a medical necessity. The charges against him are dropped,
and federal agencies begin providing him with FDA-approved medical
marijuana. Although he wins this case, the government tries to prevent
him from gaining legal access to marijuana, and after filing another
lawsuit in 1978, he gains access to medical marijuana through a federal
pharmacy.

Mid-1980s: Randall’s case leads to the FDA’s Investigational New Drug
(IND) program, which under a “compassionate use” designation allows
thirty patients to receive medical marijuana from the government. The
program stops accepting patients in 1992 after President George H. W.
Bush’s administration decides to “get tough on drugs.”

1988: The DEA’s own administrative law judge, Francis L. Young, states
that marijuana “is one of the safest therapeutically active substances
known to man” and recommends that it be reclassified as a Schedule II
drug. The DEA responds by setting new criteria for accepted medical
use of a drug and refuses to reclassify cannabis.

1988: Researchers discover that rats have endogenous cannabinoid
receptors, which leads to the mapping of the locations of a cannabinoid
receptor system in a human in 1990 and the discovery of naturally
occurring cannabis-like compounds, endocannabinoids, in the human
brain in 1992.

1991: The federal program that was providing free cannabis to those
approved under the FDA IND program is suspended after the number of
applicants surges due to the AIDS epidemic. The first medical cannabis



initiative, called Proposition P, passes in San Francisco with 79 percent
of the vote as the AIDS epidemic surges.

1994: The DEA issues a final rejection of all pending requests to reclassify
cannabis.

1995: NORML files another petition to change the Schedule I status of
cannabis.

1996: California becomes the first state to pass a medical marijuana law
with voter initiative Proposition 215, the Compassionate Use Act of
1996, getting 55.6 percent of the vote.

1998: Alaska, Oregon, and Washington pass medical cannabis laws.

1999: Maine passes a medical cannabis law.

2000: Colorado, Hawaii, and Nevada pass medical cannabis laws.

2002: Patients and patient advocates petition the DEA to reschedule
cannabis. This is ultimately rejected nine years later in 2011.

2004: Montana and Vermont pass medical cannabis laws.

2006: Rhode Island passes a medical cannabis law.

2007: New Mexico passes a medical cannabis law.

2008: Michigan passes a medical cannabis law.

2009: US attorney general Eric Holder states the Obama administration
will end federal raids of cannabis dispensaries in states with medical
cannabis laws.

2010: Arizona, New Jersey, and Washington, DC, all pass medical cannabis
laws. Oregon reclassifies cannabis at the state level as a Schedule II
drug.

2011: Delaware and Arizona pass medical cannabis laws.

2012: Colorado and Washington voters pass adult-use cannabis laws. The
country of Uruguay legalizes cannabis for adult use. Washington, DC,



decriminalizes personal use and possession of cannabis for anyone over
twenty-one years of age. Connecticut and Massachusetts pass laws
legalizing medical use of cannabis.

2013: A federal appeals court rejects a petition from three medical cannabis
advocacy groups that seek to reclassify cannabis. Illinois and New
Hampshire pass medical cannabis laws. The US Department of Justice
issues the Cole Memorandum, stating it will not enforce federal
cannabis prohibition in states that have legalized cannabis in some form.

2014: The federal Farm Bill passes, otherwise known as the Agricultural
Act of 2014, which states that hemp is defined as containing 0.3 or less
percent THC and allows for industrial hemp to be grown in state-
sanctioned research programs. This opens the door for industrial hemp
entrepreneurs to start selling hemp-derived CBD. The Rohrabacher-Farr
Amendment is signed into federal law, prohibiting the Justice
Department from spending funds to interfere with the implementation of
state medical cannabis laws. Maryland, Minnesota, and New York all
pass laws legalizing medical use of cannabis. Alaska, Oregon, and
Washington, DC, all pass laws allowing for adult use of cannabis.
Florida, Alabama, Iowa, Kentucky, Mississippi, Missouri, North
Carolina, South Carolina, Tennessee, Utah, and Wisconsin all pass
CBD-only laws.

2015: The FDA sends cease and desist letters to numerous companies
making medical claims about hemp-derived CBD products after tests
reveal that the majority of products do not contain CBD. The country of
Jamaica decriminalizes cannabis. Puerto Rico passes a medical cannabis
law. Texas, Wyoming, Georgia, Oklahoma, and Virginia all pass CBD-
only laws.

2016: California, Nevada, Maine, Vermont, and Massachusetts all pass
adult-use cannabis laws. Arkansas, Florida, North Dakota, Ohio,
Louisiana, West Virginia, and Pennsylvania all pass laws legalizing
medical use of cannabis.



2017: The country of Argentina begins to provide free cannabis for medical
conditions. Indiana passes a CBD-only law.

2018: US attorney general Jeff Sessions rescinds the Cole Memorandum
and other Obama administration policies, effectively removing all
assurances that cannabis companies and patients in states with cannabis
laws will be protected from federal arrest and prosecution. Oklahoma
passes a medical cannabis law. Vermont passes an adult-use cannabis
law. Canada becomes the first major world economy to legalize adult-
use cannabis. South Korea and Thailand pass medical cannabis laws.
Oklahoma, Utah, and Missouri expand their medical cannabis laws.

2019: The US House of Representatives passes a bill that would protect
financial institutions offering banking services to cannabis-related
businesses; however, the bill stalls in the US Senate. Kansas passes a
CBD-only law. Hawaii decriminalizes cannabis. Illinois legalizes
recreational sales through an act of the state legislature and begins the
expungement of 700,000 cannabis-related police records and court
convictions.

2020: Virginia decriminalizes cannabis.



Appendix B

The Pharmacokinetics of Phytocannabinoids

Pharmacokinetics is the branch of pharmacology concerned with the
movement of drugs within the human body. The pharmacokinetics of
cannabis refers to the absorption, distribution, and metabolism of
cannabinoids. Since cannabis can be taken in many ways, the method of
delivery influences how much is absorbed and metabolized. Delivery
methods include inhalation (smoking and vaporizing), ingestion, sublingual
tinctures, topical application, rectal suppositories, and transdermal patches,
discussed in detail in chapter 5. The information included here reviews the
scientific literature exploring how cannabis acts in the body once it is taken
internally.

The Different Delivery Methods

Inhalation

When inhaled, the absorption of THC and CBD through the lungs is rapid
and levels of both in plasma can be detected within seconds, peaking within
three to ten minutes.1 Maximum concentrations are higher compared to
ingestion.2 The bioavailability (how much of the compound is actually used
by the body) of inhaled THC varies from 10 to 35 percent due to variables
such as the dose inhaled, the depth of inhalation, and the length of time the
breath is held.3 Bioavailability of inhaled CBD has been measured at



approximately 31 percent.4 Inhaling cannabis is the most efficient method
of delivery, and experienced users have been shown to exhibit increased
efficiency compared to occasional users.5

Ingestion

Oral absorption of THC and CBD is poor and unpredictable, with
absorption rates based on numerous variables, such as the person’s stomach
contents, including gastric acid, the dose ingested, the carrier medium, and
the presence of other drugs.6 Bioavailability is low with oral ingestion and
has been documented at 4 to 20 percent.7 Oral THC undergoes extensive
metabolism in the liver (called the first pass effect).8 Peak plasma levels of
THC have been reported between two and six hours after ingestion.9 CBD
has similar low bioavailability when orally ingested.10 A recent study
showed that taking cannabinoids with fatty food slightly delays the onset of
action but increases the overall cannabinoid exposure, with female subjects
having a greater peak plasma concentration.11

Sublingual Tinctures

Sublingual administration of THC and CBD has highly variable rates of
absorption and is difficult to measure, as some of the product may be
swallowed, which can affect bioavailability. Studies of nabiximols (Sativex)
report excellent bioavailability if the oil is held sublingually and allowed to
absorb.12 These studies also report resulting plasma concentrations of THC
from sublingual administration to be higher than from oral ingestion but
lower when compared to inhaled THC. The bioavailability of sublingual
THC is higher than the bioavailability of sublingual CBD.13

Topical Application

Topical application of cannabinoids is difficult because they are lipophilic
(fat loving) and do not penetrate the deeper layers of the aqueous skin
efficiently; however, if they are prepared properly, they can have effects at
the local application site. Bioavailability studies in humans on topical use of
cannabis have not been performed, but the permeability of CBD was found



to be ten times higher than that of both delta-9-THC and delta-8-THC,
consistent with CBD being less lipophilic.14

Rectal Suppositories

The pharmacokinetics of rectal administration based on limited studies
report that THC by itself is not absorbed rectally.15 When THC was
combined with a chemical compound called hemisuccinate, which was
performed in a laboratory and is not currently available to patients, the
bioavailability from rectal suppositories was double that of the oral route.
To date, the only study looking at rectal bioavailability of CBD reported
improved colitis symptoms in mice if rectal CBD was given prior to the
insult causing the colitis; in this report, rectal CBD was more effective than
oral CBD at reducing the changes in the gut due to colitis.16

Transdermal Patches

Transdermal differs from topical in that transdermal application is meant to
penetrate deeper through the skin with the potential for penetration into the
bloodstream, whereas topical application can be expected to work locally
where it is applied. The pharmacokinetics of cannabinoid delivery with this
method is limited. Likely the hydrophobic (not soluble in water)
cannabinoids require the addition of a chemical “permeation enhancer” so
the compounds can penetrate the aqueous layer of the skin to reach the
bloodstream. In one report, delta-8-THC delivered by transdermal patch in
both animals and humans achieved a steady-state level in plasma in 1.4
hours and maintained this level for 48 hours.17 This study also reported that
the permeability of CBD and CBN was greater than that of delta-8-THC.

THC Distribution and Metabolism

Since THC is highly lipophilic (fat loving and not water soluble), after
absorption it is initially distributed and taken up by tissues that are highly
perfused, such as the heart, lung, brain, and liver. Over time, THC
redistributes into fatty tissue and may be retained there for weeks.18 THC is



broken down in the liver into numerous compounds. The primary
breakdown products are 11-hydroxy-THC (11-OH-THC) and 11-carboxy-
THC (11-COOH-THC). The amount of 11-hydroxy-THC formed after
inhalation is relatively small, but quite large after oral ingestion of THC, as
blood containing absorbed THC from the intestines passes through the liver.
Whereas 11-hydroxy-THC is intoxicating and sedating, 11-carboxy-THC is
not.19

THC and its metabolites are excreted mainly in feces and urine.20 The
elimination of one dose of THC from the body takes approximately three to
five days. THC and its metabolites are stored in the body’s fat tissues.
When the metabolites move out of the fat, they bind to a sugar compound
and become slightly soluble in water, and are then eliminated in feces and
urine. The presence of THC metabolites in the body’s fat tissues causes no
intoxicating effects. If THC is used regularly, its metabolites will
accumulate in the body and continue to be excreted for months after use.
Studies show that there is extreme variation in excretion patterns for
different individuals.21

CBD Distribution and Metabolism

CBD is taken up by the brain and adipose tissue. It is highly protein bound,
and about 10 percent of the absorbed CBD in the body is bound to
circulating red blood cells. CBD is metabolized in the liver, where it is
hydroxylated to 7-hydroxy-CBD by the cytochrome P450 system. This
breakdown product is then broken down further in the liver and excreted
primarily in feces with some excretion in urine.22 CBD is reported to have a
long elimination half-life of approximately two to five days.23



Appendix C

Phytocannabinoids and Their Effects

Phytocannabinoid: Cannabichromene
Acronym: CBC
Medicinal effects: Anti-acne
Antibacterial
Anticancer
Antidepressant
Antifungal
Anti-inflammatory
Relieves pain
Helpful facts: Not intoxicating
Allows endocannabinoids to last longer

Phytocannabinoid: Cannabidiol
Acronym: CBD
Medicinal effects: Antibacterial
Anticancer
Anticonvulsant
Anti-inflammatory
Antioxidant
Antipsychotic
Neuroprotectant
Promotes bone growth
Reduces anxiety and depression
Reduces/eliminates nausea and vomiting



Reduces intraocular pressure
Reduces spasticity and muscle spasms
Relieves chronic pain
Stimulates appetite
Helpful facts: Not intoxicating
No tolerance or withdrawal
Alerting effect in lower doses; sedating effect in higher doses
Can be used to treat THC withdrawal
Allows brain-produced endocannabinoids to last longer by inhibiting
the enzyme called fatty acid amide hydroxylase (FAAH), which
breaks down the endocannabinoid

Phytocannabinoid: Cannabidiolic acid
Acronym: CBDA
Medicinal effects: Antianxiety
Antidepressant
Anti-inflammatory
Potential anticonvulsant
Reduces/eliminates nausea and vomiting
Relieves pain
Helpful facts: Not intoxicating
Found in raw cannabis flowers
Converts to CBD with heat
More potent than CBD for antinausea effects
Pain relief may be enhanced in combination with THC

Phytocannabinoid: Cannabidivarin
Acronym: CBDV
Medicinal effects: Anticonvulsant
Relieves neuropathic pain
Helpful facts: Not intoxicating
May help in Rett syndrome

Phytocannabinoid: Cannabigerol
Acronym: CBG
Medicinal effects: Antibacterial/anti-MRSA



Anticancer
Antidepressant
Anti-inflammatory
Antioxidant
Anti-psoriasis
Neuroprotectant
Promotes bone growth
Reduces bladder spasms
Reduces bowel inflammation
Reduces intraocular pressure
Reduces/eliminates nausea and vomiting
Stimulates appetite
Helpful facts: Not intoxicating
Found in higher amounts in hemp
May block antinausea effects of CBD
May enhance anti-inflammatory effects of CBD

Phytocannabinoid: Cannabinol
Acronym: CBN
Medicinal effects: Antibacterial
Anticonvulsant
Promotes bone growth
Reduces intraocular pressure
Relieves pain
Stimulates appetite
Helpful facts: A breakdown product of THC
CBN content increases as THC degrades over time
May enhance the intoxicating effects of THC
Not present in freshly cut flowers

Phytocannabinoid: Delta-8-tetrahydrocannabinol
Acronym: Δ 8-THC
Medicinal effects: Antianxiety
Anticancer
Neuroprotectant
Reduces intraocular pressure



Reduces nausea and vomiting
Relieves pain
Stimulates appetite
Helpful facts: Not intoxicating

Phytocannabinoid: Delta-9-tetrahydrocannabinol
Acronym: Δ 9-THC
Medicinal effects: Anticancer
Anti-inflammatory
Antioxidant
Improves sleep/sedating
Neuroprotectant
Reduces anxiety and depression
Reduces/eliminates nausea and vomiting
Reduces intraocular pressure
Reduces spasticity and muscle spasms
Relieves chronic pain
Stimulates appetite
Helpful facts: The most prominent phytocannabinoid
Results from the heating of THCA
Intoxicating
Mimics brain-produced endocannabinoids by binding to cannabinoid
receptors
Tolerance can develop with chronic use
Withdrawal can occur with cessation of chronic heavy use

Phytocannabinoid: Tetrahydrocannabinolic acid
Acronym: THCA
Medicinal effects: Anticancer
Anticonvulsant
Anti-inflammatory
Antispasmodic
Blocks anticipatory nausea
Neuroprotectant
Potential antidepressant
Helpful facts: Not intoxicating



The main compound in raw cannabis flowers
Converts to THC with heat
Found to be the main phytocannabinoid influencing anti-
inflammatory effects in the colon

Phytocannabinoid: Delta-9-tetrahydrocannabivarin
Acronym: THCV
Medicinal effects: Anticancer
Anticonvulsant
Anti-inflammatory
Antioxidant
Antipsychotic
Appetite suppressant
Neuroprotectant
Potentially improves glucose tolerance and increases insulin
sensitivity
Relieves pain
Helpful facts: Not intoxicating in low doses
May be beneficial for Parkinson’s disease when combined with CBD



Appendix D

Terpenoids and Their Effects1

Terpenoid: Alpha-bisabolol
Also found in: Chamomile
Medicinal effects: AnticancerI

Anti-inflammatory
Neuroprotectant
Aroma: Floral
Synergistic with: Unknown

Terpenoid: Alpha-pinene
*The most common terpene in all plants
Also found in: Basil
Dill
Eucalyptus
Parsley
Pine trees
Rosemary
Sage
Medicinal effects: Analgesic
Anti-inflammatory
Bronchodilator
Increases focus and alertness
Increases permeability of blood–brain barrier
Reduces THC-induced memory loss
Aroma: Pine



“Skunky”
Synergistic with: CBD—enhances anti-inflammatory effect
THC—enhances bronchodilatory effect

Terpenoid: Beta-caryophyllene
*Often found in CBD-rich chemovars
*Activates the CB2receptor
Also found in: Basil
Black pepper
Cinnamon
Cloves
Hops
Lavender
Oregano
Rosemary
Medicinal effects: Analgesic
Antibacterial
AnticancerI

Antifungal
Anti-inflammatory
Anti-itching
Antimalarial
Antioxidant
Gastrointestinal relief
May reduce alcohol intake
Aroma: Spicy
Woodsy
Synergistic with: THC—enhances gastric cell protection
CBD—enhances anti-inflammatory effect

Terpenoid: Borneol
Also found in: Camphor
Cinnamon
Mint
Rosemary
Wormwood



Medicinal effects: Analgesic
Antibacterial
Bronchodilator
Sedating
Aroma: Camphor
Synergistic with: Unknown

Terpenoid: Caryophyllene oxide
Also found in: Basil
Cloves
Eucalyptus
Hops
Lavender
Lemon balm
Oregano
Pepper
Rosemary
Salvia
Medicinal effects: Analgesic
AnticancerI

Antifungal
Anti-inflammatory
Antioxidant
Antiviral
Aroma: Woodsy
Synergistic with: Unknown

Terpenoid: Cineole
Also found in: Basil
Eucalyptus
Mugwort
Rosemary
Tea tree
Wormwood
Medicinal effects: Analgesic
Antibacterial/antifungal



AnticancerI

Antidepressant
Anti-inflammatory
Antioxidant
Stimulating due to increased cerebral blood flow, enhancing memory
and cognitive learning
Aroma: Camphor
Minty
Synergistic with: Unknown

Terpenoid: Citronellol
Also found in: Basil
Chamomile
Geraniums
Lavender
Lemongrass
Roses
Sandalwood
Medicinal effects: Analgesic
Antibacterial/antifungal
AnticancerI

Anti-inflammatory
Antioxidant
Promotes wound healing
Sedating
Aroma: Citrus
Floral
Fruity
Rose
Synergistic with: Unknown

Terpenoid: Geraniol
Also found in: Geraniums
Lemons
Roses
Medicinal effects: Antibacterial/antifungal



AnticancerI

Anti-inflammatory
Antioxidant
Aroma: Rose
Synergistic with: Unknown

Terpenoid: Guaiol
Also found in: Cypress trees
Guaiacum
Medicinal effects: Anti-inflammatory
Antimicrobial
Aroma: Pine
Rose
Woodsy
Synergistic with: Unknown

Terpenoid: Humulene
*Isomer of beta-caryophyllene
Also found in: Basil
Coriander
Ginger
Ginseng
Hops
Sage
Spearmint
Medicinal effects: Analgesic
AnticancerI

Antibacterial
Anti-inflammatory
Appetite suppressant
Aroma: Earthy
Herbaceous
Synergistic with: Unknown

Terpenoid: Limonene
*The second most common terpenoid in cannabis



Also found in: Caraway seeds
Citrus rinds
Dill seeds
Juniper berries
Peppermint
Rosemary
Medicinal effects: Analgesic
Antianxiety
AnticancerI

Antidepressant
Anti-inflammatory
Antioxidant
Bronchodilator
GERD suppressant
Aroma: Citrus
Orange
Spicy
Synergistic with: CBD—enhances antidepressant and antianxiety
effects
CBD and CBG—enhances anticancerI effect
THC—enhances anti-GERD effect

Terpenoid: Linalool
*A precursor ingredient in the formation of vitamin E
*The most powerful sedative of all terpenoids
Also found in: Birch trees
Citrus
Coriander
Lavender
Rosewood
Medicinal effects: Active against acne bacteria
Analgesic
Antianxiety
Antibacterial/antifungal
Anticonvulsant
Antidepressant



Anti-inflammatory
Antimalarial
Aroma: Citrus
Floral
Spicy
Synergistic with: CBD—enhances antianxiety and analgesic effects
CBD/THCV/CBDV—enhances anticonvulsant effect
THC—enhances sedation and analgesic effects

Terpenoid: Myrcene
*The most common terpenoid found in cannabis
*Not found in hemp
Also found in: Bay leaves
Eucalyptus
Hops
Lemongrass
Mangoes
Parsley
Wild thyme
Medicinal effects: Analgesic
Antianxiety
Antibacterial
AnticancerI

Antidepressant
Anti-inflammatory
Antioxidant
Muscle relaxant
Sedating/hypnotic
Aroma: Clove
Earthy
Fruity
Synergistic with: CBD—enhances anti-inflammatory effect
CBG—enhances anti-inflammatory effect
THC—may enhance effects of THC

Terpenoid: Nerolidol



Also found in: Ginger
Jasmine
Lavender
Lemongrass
Oranges
Tea tree
Medicinal effects: Antifungal
Antimalarial
Sedating
Aroma: Earthy
Fruity
Woodsy
Synergistic with: THC/CBN—enhances sedation

Terpenoid: Ocimene
Also found in: Basil
Hops
Lavender
Mangoes
Mint
Oregano
Parsley
Pepper
Medicinal effects: Antibacterial/antifungal
Anti-inflammatory
Antiviral
Decongestant
Aroma: Citrus
Clove
Thyme
Woodsy
Synergistic with: Unknown

Terpenoid: Phytol
*A breakdown product of chlorophyll
Also found in: Green tea



Wild lettuce
Medicinal effects: Antifungal
Immunosuppressant
Sedating
Aroma: Balsamic
Floral
Synergistic with: Unknown

Terpenoid: Terpineol
*Often found in chemovars high in pinene
Also found in: Eucalyptus
Lilac blossoms
Lime blossoms
Pine trees
Medicinal effects: Analgesic
Antianxiety
Antibacterial/antifungal
AnticancerI

Anti-inflammatory
Antioxidant
Antiviral
Sedating
Aroma: Citrus
Floral
Lilac
Synergistic with: Unknown

Terpenoid: Terpinolene
Also found in: Apples
Coriander
Cumin
Lilac blossoms
Nutmeg
Tea tree
Medicinal effects: Analgesic
Antibacterial/antifungal



AnticancerI

Antioxidant
Gastrointestinal relief
Sedating
Aroma: Earthy
Pine
Woodsy
Synergistic with: Unknown

Terpenoid: Valencene
Also found in: Grapefruits
Oranges
Tangerines
Medicinal effects: Antiallergy
Anti-inflammatory
Aroma: Citrus
Spicy
Synergistic with: Unknown

Footnotes
I Note that the anticancer effects of terpenes are likely to require much higher doses than occur
naturally in cannabis (J. K. Booth et al., “Terpenes in Cannabis Sativa: From Plant Genome to
Humans,” Plant Science [2019]: 67–72).
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