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y background is in science. My Ph.D. is in experimental

psychology and neuroscience. I like Western medicine. I don’t

do crystals or reiki or faith healing or homeopathy. I am
skeptical of acupuncture but concede it probably has its place. I tried it
with my dogs twice, and it didn’t work, so I think its place is not with me.
Show me auras and feelings and energy fields, and I remain unconvinced
when it comes to medicine. Show me chemicals and neurotransmitters and
data points, and I’m listening.

So when I heard about medical cannabis for pets, I was skeptical. It
sounded a little too much like a New Age touchy-feely “a stoned dog is a
happy dog” approach for me.

For starters, there was the credulity-begging long and diverse list of
claims: antianxiety, antiseizure, anti-inflammatory, antibacterial—what
was next? Anticancer? Oh yeah, antitumor also on the list. That sounded
suspiciously like snake oil to me.

But there’s a fine line between being skeptical and closed-minded, so I
(grudgingly) decided to read some of the science (and at that point I was
using the term loosely) before shutting my mind to it.

I was about to get an education. First, medical cannabis isn’t about getting
stoned. Medical cannabis for pets doesn’t even have significant THC in it.
“What a scam!” I thought. “What’s the good of hemp without THC?”
Then I learned that THC is far from the only significant cannabinoid in
cannabis, and that in fact another, cannabidiol (CBD), is the one that
seems to be providing the greatest health benefits. And cannabidiol has no
psychoactive effects. So much for stoned dogs lounging around the house.

The more I delved into the subject, the more I found that this was no
esoteric fringe science, but a robust area of research. One peer-reviewed
paper after another presented data that supported health benefits of
cannabinoids—some tentatively, some convincingly. That long list of



claims? It turns out there’s a valid scientific reason for it: cannabinoid
receptors are literally all over the body, acting as homeostatic directors of
myriad other neurotransmitters.

During my research, I conducted many interviews with pet owners.
Anecdotal evidence doesn’t carry the weight of controlled scientific
experimentation, but talking to these people was compelling. In many
cases they reported that cannabinoids had saved their dogs’ lives, or at
least dramatically improved their quality of life.

Do I believe cannabinoids are miracle workers? No. I don’t believe any
substance can do it all. But I am convinced cannabinoids have some
tantalizing and very likely major health benefits.

Which brings me to the big question: Would I give cannabinoids to my
own dogs? The short answer is yes. And if you know me, that’s a huge
turnaround, because my dogs are the center of my world—just as I am sure
yours are the center of your world. And we all want what’s best for them.



All proceeds from this book are donated to charitable organizations which
benefit animal rescue, animal health, veterinary research, and animal
welfare. Primary recipients are the San Diego Humane Society
(www.sdhumane.org/) and the American Kennel Club Canine Health
Foundation (www.akcchf.org/).
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Founded in 1880, the San Diego Humane Society is a private nonprofit
providing vital services to animals and people by sheltering and adopting
animals, providing positive reinforcement training classes, investigating
animal cruelty and neglect, presenting education programs for youth and
adults, and much more. As of 2015, San Diego county reached zero
euthanasia for healthy and treatable animals, and is the “safest place to be
a pet.”

AMERICAN KENNEL CLUB
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The American Kennel Club Canine Health Foundation is dedicated to
advancing the health of all dogs and their owners by funding scientific
research and supporting the dissemination of health information to prevent,
treat, and cure canine disease. Since 1995, the CHF has become the largest
funder of exclusively canine health research in the world.


http://www.sdhumane.org/
http://www.akcchf.org/




CHAPTER 1:

he indisputable benefits of cannabis for the treatment of a variety of

medical conditions have brought about the widespread cultural

acceptance of medical marijuana. Not only are people more open to
cannabis as a natural therapy, they are also considering this option for their
dogs.

This surge of interest has brought to light the general confusion between
marijuana and hemp, which involves both legality, chemical composition,
and therapeutic application. These differences are especially important
when it comes to medical cannabis for pets.

Cannabis has been grown for thousands of years for rope, fabric, oils, and
foods, for its psychoactive effects for religious purposes, and most
significantly for our discussion, for its medical purposes.



Cannabis has been used as a medicine since ancient times. There is
evidence of its use as long ago as 5000 BCE in China and 1000 BCE in
India (as mentioned in the sacred Hindu Hymns of Atharvaveda). It was
documented by the Greeks in 512 CE in the Vienna Dioscorides.

By the late 1800s it was around the third most commonly used medicine
worldwide.

The rest of the world continues to grow and use hemp as an agricultural
crop, producing tens of millions of acres of industrial hemp crops and
millions of tons of industrial hemp products, many of which are imported
into the U.S. and available in health food stores, grocery stores, clothing
stores, and more. This crop remains true to the therapeutic and nutritional
hemp used by ancient cultures and has safely been incorporated in the
global food supply for both people and animals for thousands of years.



The Puritans brought hemp seed with them to colonial America; hemp was
used in the lines, sails and caulking of the Mayflower. British sailing
vessels always had a store of hemp seed, and Britain’s colonies were
compelled by law to grow hemp.

By the mid-1600s, hemp had become an important part of the economy in
the New World. The colonies produced cordage, cloth, canvas, sacks, and



paper from hemp, most of it destined for British consumption. The first
drafts of the Declaration of Independence were penned on hemp paper.
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In America’s early days, farmers were compelled by patriotic duty to grow
hemp, and could even pay taxes with it. George Washington encouraged
all citizens to sow hemp, as did he. Thomas Jefferson bred improved hemp
varieties.



HEMP IN KENTUC

« e

Hr:t Cr{)p grown, 1775. From 1840

1860, Ky. production largest in
U.,J. Peak in 1850 was 40,000 ..rj-qf,
value of $5.000,000¢ Scores 0"

factories made twine, rope, oakUm
to caulk sailing ships and cotton
bi‘-mnu. ‘.tate-':: largest cash crop
intil,1915. Market lost to impor *ﬁ’l
JL;';f frf?:“* Dl *‘?‘ﬁf{ AS wa \T

.H' -I _'_: "._‘ [ 5 .- -"T"]l’ n g.t"‘.':_}-f‘ _..,i a"?::

w
H

world: War: I11.-

Kentucky, followed by Missouri and Illinois, produced most American
hemp until the late 1800s, when demand for sailcloth and cordage began to
wane with the decline of sailing ships. From the end of the Civil War until
World War I, Kentucky was the only state with a significant hemp
industry.

Major American pharmaceutical companies produced many cannabis-
based medicines from the mid-1800s to 1937. Initially, medical cannabis
was imported from India, but domestic production began in 1913. With
World War I thwarting importation, the U.S. became self-sufficient. By

1918, U.S. farmers produced 60,000 pounds annually.!

The Marihuana Tax Act of 1937 brought an end to marijuana and hemp
cultivation in the U.S., with one final burst during World War II due to the
USDA’s Hemp for Victory campaign.
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Marijuana is the name for forms of cannabis with high levels of THC
(once 1-5%, now potentially 30% or more). THC is the dominant
cannabinoid (chemical compounds found in cannabis that act on cells in
the brain), the psychoactive component of marijuana (what gets people
“high”), and the component of cannabis that is regarded as a controlled
substance. Most people think THC is also responsible for its medicinal
benefits, but that’s only part of the story.

Hemp is another form of cannabis, one that has high levels of a non-
psychoactive cannabinoid called cannabidiol (CBD) rather than THC.
Hemp is the cannabis source used for CBD-rich products for dogs; its
naturally low THC (below 0.3%) eliminates the potential for
psychoactivity or toxicity in dogs.

Since the 1960s, scientists have demonstrated dozens of therapeutic
applications for CBD and other non-psychoactive cannabinoids (and
terpenes, another class of chemical compounds) present in hemp, which
we will explore in the coming chapters of this book.

The last few years have been revolutionary in the recognition of CBD as a
therapeutic agent. The turning point for the public was in 2013, when
neurosurgeon Dr. Sanjay Gupta researched the topic and presented his
findings in a series of media reports for CNN, concluding:



“I apologize because I didn’t look hard enough, until now. I didn’t look far
enough... We have been terribly and systematically misled for nearly 70
years in the United States, and I apologize for my own role in that.”?

Initially a skeptic, Gupta became a major proponent for the use of medical
marijuana, and particularly advocated the heightened beneficial use of
CBD in association with other cannabinoids, the so-called entourage
effect.’

For the purposes of this book, the primary benefits of industrial hemp are
found in CBD and other non-psychoactive cannabinoids and terpenes, with
CBD being the book’s primary focus.

Narda Robinson, DO, DVM, of Colorado State University, is the
preeminent veterinary authority on the use of cannabis for pets. Dr.
Robinson shares the following in her article “The Latest on Cannabis and

Hemp for Pets,” Veterinary Practice News, September 2015.4

Because marijuana falls under the Schedule I classification, it is illegal for veterinarians to
prescribe. Drug Enforcement Administration officials are quick to remind practitioners that

their DEA license is based on federal, not state, laws.i
The Veterinary Medical Examining Board of Oregon states plainly on its website that

“Marijuana is not approved for veterinary use” and that a veterinarian may not write a

prescription for “pet marijuana.”™

The AVMA news site states that it is illegal for veterinarians to recommend medical marijuana.

In contrast, a legislator from Nevada has introduced a bill proposing “pet medical marijuana

cards” for veterinary conditions that might be helped by marijuana.'

However, veterinarians cannot determine which medical problems marijuana might help
without research, and Schedule I restrictions on marijuana research impose high barriers to
further study.

i. Personal communication with a DEA representative at the AVMA Convention in
Boston. July 2015.

ii. Veterinary Medical Examining Board. Oregon.gov. Accessed at
http://www.oregon.gov/ovmeb/Pages/index.aspx on 07-27-15.

iii. Glionna, JM. Medical marijuana for dogs and cats? Nevada lawmaker says yes. Los
Angeles Times. March 18, 2015. Accessed at http://www.latimes.com/nation/la-na-pet-
pot-20150317-story.html on 07-27-15.


http://www.oregon.gov/ovmeb/Pages/index.aspx
http://www.latimes.com/nation/la-na-pet-pot-20150317-story.html

Current laws on both the federal and local level, as well as DEA
regulations for veterinary medical professionals nationwide, make it
impossible at this time to recommend any marijuana-based products for
pets, period.

Industrial hemp products, on the other hand, suffer from none of these
limitations.

» Cannabis has been used for medicinal purposes since ancient times and
was widely marketed by major pharmaceuticals until the 1937
Marihuana Act.

 Although marijuana and industrial hemp belong to the same species,
marijuana is the cultivar with high THC used for psychoactive and
recreational purposes, and industrial hemp is the cultivar with low THC
used for fiber, food and non-psychoactive purposes.

» Hemp is an organic, non-GMO crop, legally grown in 98% of the world,
and has been in the animal food supply for millennia.

 On average, hemp has a vastly higher level of CBD compared to
marijuana; CBD is at least as (and potentially much more) important
than THC when it comes to the therapeutic potential for medicinal
cannabis.

It is illegal for veterinarians to prescribe marijuana products, but legal
for anyone to buy and use hemp products without any prescriptions at
all.






CHAPTER 2:

n 2900 BCE, Chinese Emperor Fu Hsi noted that cannabis was a very
popular medicine that possessed both yin and yang.

In 1500 BCE it was included in the Chinese pharmacopeia, the Rh-Ya.

The book of Exodus talks of holy anointing oil from cannabis. “The sacred
character of hemp in biblical times is evident from Exodus 30:23, where
Moses was instructed by God to anoint the meeting tent and all of its

furnishings with specially prepared oil, containing hemp.”?
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The ancient Egyptians used cannabis and cannabis oil for glaucoma,
inflammation and enemas, referencing them in The Ebers Papyrus (c. 1550
BCE) which is the one of the first medical textbooks in recorded history.

The ancient Greeks used cannabis to dress wounds and sores on their
horses. In humans, dried leaves of cannabis were used to treat nosebleeds,
and cannabis seeds were used to expel tapeworms. The most frequently
described use of cannabis in humans was to steep green seeds of cannabis
in either water or wine, remove the seeds, and use the warm extract to treat

inflammation and pain resulting from obstruction of the ear.?

Indian medicine expanded the medicinal uses of cannabis, using all parts
of the plant for some sort of illness or another (whether physical or
spiritual) and led the charge in holistic and herbal medicine. Specifically,
the Atharvaveda (1000 BCE) makes reference to medicinal cannabis,
which is described as one of five sacred plants within the five kingdoms of
herbs that release us from anxiety.




Cannabis, medicinally speaking, was recommended in India to quicken the
mind, give strength and agility, achieve spiritual freedom and higher
consciousness, lower fevers, stimulate appetite, improve digestion and
relieve headaches.

A mixture of cannabis and milk was used as an anesthetic in India.>

And so it goes around the world, through history: cannabis is used to treat
leprosy, earaches, edema, gout, joint cramps, pain, migraines, vomiting,
hemorrhage, diarrhea, anorexia, depression, arthritis, menstrual cramps,
headaches, insomnia, neuralgia, convulsions, opium addiction—and on
and on. How could one plant treat so many diverse ailments?

It took thousands of years before the answer revealed itself, and in so
doing, it opened the door to one of the most exciting and revolutionary
medical advancements of our time. It turns out that medical cannabis
doesn’t work by getting you high. Instead, it works by way of a hitherto
unknown system in the body that affects how almost every other system
works: the endocannabinoid system (ECS), named after the cannabis plant.

The endocannabinoid system consists of a group of specialized receptors
in the brain and peripheral nervous system of all vertebrates. It is involved
in a variety of physiological processes including appetite, pain sensation,
nausea, or mood, memory, and inflammation.*

In 1964, Dr. Ralph Mechoulam identified tetrahydrocannabinol (THC) as
the chemical in marijuana responsible for making people feel high. But
that didn’t fully explain how cannabis quelled nausea or seizures,
dampened nausea, or lessened pain. Experiments showed it didn’t work
with the endorphin system or any other known system. Where were
cannabinoid receptor sites in the brain?

It turns out, just about everywhere. In the late 1980s, scientists found
receptor sites all over the brain that reacted to THC. These cannabinoid
receptors, CB1 as they called them, were more abundant in the brain than
any other kind of neurotransmitter receptor.



Then scientists discovered a second type of cannabinoid receptor, which
they called CB2 as opposed to the first type, CB1. While CB1 receptors
are mostly in the brain and central nervous system, CB2 receptors are
mostly in the peripheral cells, especially immune system cells. To a lesser
extent, CB1 receptors are also in the lungs, blood vessels, muscles,
digestive tract, and reproductive organs. CB2 receptors are also in the
liver, bone marrow, pancreas, and brainstem. In other words, they’re all
over!

Here’s how they work: The cells in your (and your pet’s) brain and
nervous system communicate with each other by means of various types of
chemicals called neurotransmitters. Specific chemicals are released from
the end of one nerve cell, travel across a tiny gap, and fit into a receptor
site on the beginning of the next nerve cell.

Once the next nerve cell is activated, that cell releases its own endogenous
cannabinoids, which travel backward across the same gap to the nerve cell
that released the neurotransmitter, attach to a cannabinoid receptor on that
nerve cell, and tell the nerve cell to cut down on releasing the
neurotransmitter. It acts sort of like a thermostat.



The body produces its own neurotransmitters (called endogenous
neurotransmitters) and its own endogenous cannabinoids. Each of the
types of neurotransmitters and cannabinoids fit only in certain receptors
because the receptor is shaped so it only accepts certain shaped chemicals,
like a lock and key.

Many drugs work because they have the exact or nearly exact shape as a
particular endogenous neurotransmitter. For example, the active chemical
in opium is morphine, which has a chemical shape similar to endorphins, a
type of feel-good chemical the brain makes when the body feels pain.
Morphine locks into those same endorphin receptor sites and alleviates
pain.

But why would our bodies have receptors for a plant chemical? It turns out
that just as we naturally produce our own endorphins, we also naturally
produce our own endogenous cannabinoids: endocannabinoids or what
some have dubbed our “inner cannabis.” Scientists named the first
endocannabinoid they discovered “anandamine,” from the Sanskrit word
“ananda,” meaning bliss. The plant chemicals (phytochemicals) found in
cannabis closely mimic the body’s endogenous cannabinoids. Thus, when
cannabinoids from cannabis interact with cannabinoid receptors, they elicit
the same response as would the body’s endogenous cannabinoids. No
wonder cannabis can impact so many body systems!

The endocannabinoid system isn’t something just humans—or even
mammals—can lay claim to. It’s evolutionarily ancient, found in primitive
animals 600 million years ago, and all mammals, birds, reptiles, and fish
today—in fact, pretty much every animal but insects.> In 2005 it was
hypothesized that the evolution of cannabinoid receptors was linked to the
evolution of multi-cellular animals.® Scientists suspected that to be so
ubiquitous, endocannabinoids and the endocannabinoid system must be
doing something very important.

They are. Endocannabinoids modulate every other neurotransmitter.
They’re like the master regulator, telling some to speed it up and others to
calm it down, directing some to fight problems and others to restore the
body to its normal state. When we have an infection, endocannabinoid
signals tell the immune system to turn up the temperature to fight it, and
when the invader is destroyed, they signal it to turn it back down. And
endocannabinoids do this sort of thing in system after system, balancing all
the other systems to maintain the body’s homeostasis.
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The common misconception for many years was that THC was the only
cannabinoid responsible for influencing health. It is not. Far from it.

BEYOND THC: CANNABIDIOL AND OTHER CANNABINOIDS

THC is just one of many cannabinoids present in cannabis. Although THC
got all the attention for many years, these days another cannabinoid, called
cannabidiol (CBD), is the one that’s causing all the excitement in the
medical community. Not only does CBD lack the psychoactive effects of



THC, but it appears that many of the health benefits THC has been getting
the credit for in therapeutic cannabis are actually the work of CBD and
other non-psychoactive cannabinoids. CBD doesn’t get you high, and non-
psychoactive cannabinoids have much higher safety levels and toxicity
limits than THC.

In fact, the U.S. government filed U.S. Patent 6630507 for cannabidiol
way back in 1999, stating:

Cannabinoids have been found to have antioxidant properties, unrelated to NMDA receptor
antagonism. This new found property makes cannabinoids useful in the treatment and
prophylaxis of wide variety of oxidation associated diseases, such as ischemic, age-related,
inflammatory and autoimmune diseases. The cannabinoids are found to have particular
application as neuroprotectants, for example in limiting neurological damage following
ischemic insults, such as stroke and trauma, or in the treatment of neurodegenerative
diseases, such as Alzheimer’s disease, Parkinson’s disease and HIV dementia.
Nonpsychoactive cannabinoids, such as cannabidiol, are particularly advantageous to use
because they avoid toxicity that is encountered with psychoactive cannabinoids at high

doses useful in the method of the present invention.’
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Trends in Pharmacological Sciences Vol. 30 No. 10

Pharmacological actions of non-psychotropic cannabinoids (with the indication of the proposed
mechanisms of action).



Abbreviations: A9-THC, A9-tetrahydrocannabinol; A8-THC, A8-tetrahydrocannabinol; CBN,
cannabinol; CBD, cannabidiol; A9-THCV, A9-tetrahydrocannabivarin; CBC, cannabichromene;

CBG, cannabigerol; A9-THCA. Ag-tetrahydrocannabinolic acid; CBDA, cannabidiolic acid;
TRPV1, transient receptor potential vanilloid type 1; PPARYy, peroxisome proliferator-activated
receptor y; ROS. reactive oxygen species; 5-HT1 p, 5-hydroxytryptamine receptor subtype 1A;

FAAH, fatty acid amide hydrolase. (+), direct or indirect activation; 1, increase; |, decrease.

A 2009 article reviewing the therapeutic actions of non-psychoactive
cannabinoids found 76 reports on their efficacy—and more than half of the
therapeutic effects were attributed to CBD. These included anti-anxiety,
antipsychotic, antiepileptic, neuroprotective, blood vessel relaxant,
antispasmodic,  anticancer,  antinausea, antidiabetic, = analgesic,
antibacterial, anti-inflammatory, immunosuppressive, bone stimulant, and
more!

Beyond CBD there are many other non-psychoactive cannabinoids with
potential health benefits. B-caryophyllene (BCP), cannabidivarin (CBDV),
cannabigerol (CBG), cannabichromene (CBC), and cannabidiolic acid
(CBDA) have all demonstrated effects.

Phytocannabinoids are cannabinoids produced by plants. The cannabis
plant expresses an abundant amount of cannabinoids, and breeding has
determined whether those are skewed toward THC (as in marijuana) or
toward the non-psychoactive cannabinoids (as in industrial hemp and
ancient medicinal cannabis).
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Decades of breeding for psychoactive THC content has resulted in the
majority of marijuana forms of the plant being nearly devoid of other
cannabinoids.

On the other hand, industrial hemp plants do not express significant THC,
and instead turn their cannabinoid production to CBD. Industrial hemp



plants also contain CBG, CBC, and many other beneficial cannabinoids,
some or all of which may have a synergistic effect on one another.

For example, the cannabinoid B-caryophyllene (BCP) is present in hemp
and increases the body’s uptake of CBD. Traditionally labeled a terpene, it
was only recently discovered to be a cannabinoid that binds the CB2
receptor.8 BCP is actually present in many other plants such as rosemary,
basil, and especially black pepper. §-caryophyllene was the first “dietary
cannabinoid”—that is, a cannabinoid widespread in the traditional food
system, and already an FDA-approved food additive. And it, too, acts as a
powerful anti-inflammatory.”

Although cannabis has the highest levels and variety of cannabinoids,
phytocannabinoids can also be found in some other plants, such as
broccoli, carrots, cauliflower, echinacea, flax, green tea, oregano, and
many other vegetables widely accepted to be healthy. They’ve been part of
our diet for centuries, but most cannabinoids are not present in other plants
to the extent they are in cannabis. Cannabis, specifically the industrial
hemp form, is the most abundant plant source of CBD in the world.

» Cannabis has a 5,000-year history as a food and therapeutic product.

« The body’s neural cells communicate by means of endogenous
chemicals that fit in receptors in a lock and key manner; other chemicals
of similar shape can sometimes fit into the same receptors and cause the
same reaction.

» Cannabinoids found in many plants fit into the body’s cannabinoid
receptor sites, which regulate other neurotransmitters as well as a host of
body systems, especially the immune system.

« Cannabidiol (CBD) is a non-psychoactive cannabinoid found in greatest
abundance in industrial hemp; CBD is emerging as the most important
cannabinoid for health.






CHAPTER 3:

Ithough cannabis has been used medicinally for centuries, only

recently have scientific studies documented its effectiveness. That

research is ongoing, but at present there are more than 13,000
journal articles on cannabinoids and more than 1500 on cannabidiol®
(CBD) specifically.” Cannabinoids show promise in a vast array of
applications, many of which have been studied in animal models over the
past three decades.

Evidence for cannabinoids’ efficacy comes from several sources. First,
peer-reviewed journal articles. These are the gold standard of scientific
evidence, as any report is rigorously reviewed, questioned, and critiqued
by fellow scientists before it’s allowed to be published. Second, scientific
studies conducted for private companies. These may undergo the same
rigorous scrutiny but may not be published in regular journals. Finally,
anecdotal reports, while not subject to scrutiny, may be suggestive of
results.
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Pharmacological actions of non-psychotropic cannabinoids (with the indication of the proposed
mechanisms of action).

Abbreviations: A9—THC, A9-tetrahydrocannabinol; A8-THC, A8—tetrahydrocannabinol; CBN,
cannabinol; CBD, cannabidiol; A9-THCV, A9-tetrahydrocannabivarin; CBC, cannabichromene;

CBG, cannabigerol; Ag-THCA. Ag-tetrahydroCannabinolic acid; CBDA, cannabidiolic acid;
TRPV1, transient receptor potential vanilloid type 1; PPARYy, peroxisome proliferator-activated
receptor y; ROS. reactive oxygen species; 5-HT1 p, 5-hydroxytryptamine receptor subtype 1A;

FAAH, fatty acid amide hydrolase. (+),direct or indirect activation; 1, increase; |, decrease.

The peer-reviewed journal Trends in Pharmacological Sciences printed a
survey article in 2009 that summarized 76 published scientific reports from
1980-2009 to generate the above chart of pharmacological actions of non-
psychotropic cannabinoids.? The diverse and tremendous potential for
these phytochemicals is apparent.

In the past ten years many clinical applications have come to light as
cannabinoid research has dramatically expanded in the U.S. and globally.
A few of them are highlighted in this chapter.



An extensive review in 2011 looked for any evidence that CBD could have
harmful effects. CBD was found to be non-toxic, with very few, if any,

side effects.?

CBD can theoretically inhibit metabolism of drugs that rely on the liver
(specifically cytochrome P450s 3A, 2C and 2B subfamilies) to metabolize
them; it is probably wise to err on the side of caution and discontinue CBD
for a few days before giving such drugs, which can include some
dewormers and heartworm preventives. Owners should consult with their
veterinarian before combining such drugs with CBD.

Much research has been conducted on the potential addictive properties of
cannabis. Marijuana—the kind with high levels of THC—is in fact mildly
addictive. Hemp, with low THC and high CBD, is not. CBD lacks the
hedonic attributes of THC and is neither mentally nor physically addictive.
In fact, study after study has shown that CBD actually has anti-addictive
properties, and is actually beneficial in treating addictions to alcohol,
tobacco, opiates, marijuana, and psychostimulants in people and animals.”

The list of conditions CBD seems to help is exploding. The discovery of
the cannabinoid receptor system has opened up an entirely new world for
research and potential health benefits. Much more research needs to be
done, but the following, all from peer-reviewed journal articles, are just
some examples of what researchers have already found.

Anxiety in people and pets can be disruptive, even debilitating. Separation
anxiety, noise phobias triggered by thunder or fireworks, and fear of
strange people, animals, or situations are all too common in pets. Areas of
the brain (such as the prefrontal cortex, amygdala, and hippocampus)
involved in mood, stress, and fear are rich in cannabinoid receptors. CB1
receptors are known to be involved in mediating fearfulness and anxiety.
Mice bred without CB1 receptors, or mice in which other drugs block the
CB1 receptors, are constantly fearful and anxious. In contrast,
cannabinoids boost CB1 receptors and produce a calming, or anxiolytic,
effect.



CBD is known to help treat many human mental health problems,
including anxiety. In a 2012 review of studies examining CBD’s effect on
anxiety, the authors noted that “recent studies have shown that CBD exerts
inherent anxiolytic effects, both in rodent models [157,198-201] and, more
recently, in patients affected by social phobia [202,203]... CBD has been
shown to reduce amygdalar responses to fearful stimuli [207]; this
mechanism may be essential for the anxiolytic effects of this compound in
social phobia [203]. Furthermore, CBD has been shown to elicit antipanic
effects through the activation of 5-HT1A receptors in the dorsal
periaqueductal gray, a critical area for the modulation of emotional

reactivity to stress [208,209].”°

A 2014 review concluded that “the anxiolytic and antipsychotic properties
of CBD stand out. CBD’s anxiolytic effects are apparently similar to those

of approved drugs to treat anxiety.”’

Pets and people can suffer from loss of mental abilities with age. Cognitive
Dysfunction Syndrome is considered the animal correlate to human
Alzheimer’s disease. People with Alzheimer’s exhibit dramatically
reduced functioning of cannabinoid receptors in the brain. They also have
increased plaque deposits along with microglia, which cause inflammation.

Multiple cannabinoids exhibit neuroprotective, anti-inflammatory and
antioxidant properties that may be important in protecting nerve cells.
When rats injected with substances that correlate with plaque formation
are also given cannabinoids, they perform better in tests of mental ability
than those not receiving cannabinoids. Analyses of their brains show that
cannabinoids prevent activation of microglia and thus have reduced

inflammation—all leading to preservation of mental function!®

Now researchers have found CBD helps regenerate new neurons in the
part of the brain (the hippocampus) responsible for memory. And when
CBD is administered to animals with memory loss, their memory
improves!®

Pets suffer from both osteoarthritis (the kind associated with age) and
rheumatoid arthritis (the kind associated with autoimmune disease). CBD



reduces inflammation and pain, decreasing the symptoms of both types of
arthritis. CBD blocks disease progression in a mouse model of rheumatoid
arthritis, both protecting the joints against severe damage and inhibiting
the release of tumor necrosis factor that causes joint inflammation and
destruction. CBD acts as both an immunosuppressant and anti-
inflammatory to achieve these results.!® Other cannabinoids that act as
anti-inflammatories are CBG, CBC, CBGA, CBCA, THCA, CBDA, and
BCP.

Dogs are prone to several autoimmune disorders, notably autoimmune
thyroiditis, immune-mediated hemolytic anemia and/or thrombocytopenia,
pemphigus, lupus, some arthritis and possibly sudden acquired retinal
degeneration syndrome, among others. In autoimmune disorders, the
body’s immune system attacks normal cells in the body as though they
were invaders. It may target cells in the thyroid, blood, joints, eye, skin,
and even some internal organs. Cannabinoids affect almost every
component of the immune system,'! leading researchers to investigate
their effect in preventing autoimmune disease. It’s believed that
inflammation may set off an immune response, which then either
misidentifies the target or fails to turn off. Because cannabinoids decrease
inflammation, they may be the first step in preventing autoimmune
disease. Other mechanisms may also be at play. For example,
cannabinoids alter microRNAs, which are known to act as brakes on the

immune system.!?

Like people, pets can suffer from bone loss, or osteoporosis, with age, and
broken bones are all too common. CBD both prevents osteoporosis and
helps heal fractures. Cannabinoid receptors as well as endogenous
cannabinoids are found throughout the skeletal system. The CB2 receptor
stimulates bone formation and inhibits bone loss.'> CBD has been shown
to prevent bone loss in aged rodents and to promote healing after fractures.
In fact, the bones in treated animals were 35-50% stronger than those in
untreated ones!'* CBD, CBG, CBC and THCV are all cannabinoids that
have been found to be bone stimulants.



Long-standing inflammation predisposes to cancer, possibly due to the free
radicals and oxidative damage. For whatever reason, inflammation
encourages the survival of cells with mutations that allow them to grow
unchecked. Most cells naturally grow old and die, a process called
apoptosis. But these cancer cells never die. They encourage new blood
vessels to grow to support them, edge out normal cells, overflow their
bounds, and grow into tumors, or just start taking over the bloodstream. In
addition, malignant cancer cells are better than normal cells at moving
from one place in the body to another.

An extensive review by the National Cancer Institute documented
mounting evidence that cannabinoids not only help manage symptoms of
cancer and its treatment, such as pain, nausea, and fatigue, but more
importantly, reduce inflammation, induce cancer cells to die, slow cancer
growth, inhibit the formation of blood vessels that feed tumors, and protect

non-cancer cells.!®

As early as 1998, cannabinoids were shown to induce cell death in glioma
cells that make up a very aggressive form of brain cancer. Since then,
study after study has shown that cannabinoids inhibit cancer cell growth,
induce cancer cells to die, and inhibit cancer cell invasion and metastasis'®
—and unlike traditional chemotherapies, they do this without hurting
normal cells. In fact, they may even protect them.

These results have been demonstrated in peer-reviewed studies of brain
cancer, breast cancer, colon cancer, lung cancer, prostate cancer, bladder
cancer, melanoma, and leukemia, and the evidence comes from petri-dish
cell lines, animal models, and even clinical trials. What’s more, CBD
given along with chemotherapy seems to increase the effectiveness of the
chemotherapy drugs. Cannabinoids aren’t just for treating cancer; there’s
also evidence they may reduce the risk of developing cancer because of
their anti-inflammatory effects. According to a 2005 report in Mini-
Reviews in Medicinal Chemistry, cannabinoids “may represent a new class
of anticancer drugs that retard cancer growth, inhibit angiogenesis and the

metastatic spreading of cancer cells.”!” Other cannabinoids with anti-
proliferative properties include CBG, CBC, THCA, and CBDA.



People and pets can both suffer from gastrointestinal disorders, with
inflammatory bowel disease (IBD) particularly common and resistant to
therapy. Studies have now shown that cannabis is helpful in many
gastrointestinal ~ diseases, including IBD. Cannabinoids reduce
gastrointestinal mobility and inflammation, and have been heralded as a
new therapeutic strategy to treat IBD.!® CBD-rich industrial hemp has
been shown to decrease intestinal motility more than THC-rich Indian

hemp.™

The effect of cannabis on amyotrophic lateral sclerosis (ALS), better
known as Lou Gehrig’s disease, is of interest to dog owners because of the
widespread occurrence of its canine counterpart, degenerative myelopathy
(DM). Because of the similarities of the disease, cannabis may offer new
hope in preventing or treating DM in pets. When mice bred to develop
ALS were given cannabis, their disease was delayed; when it did appear, it
progressed more slowly than those not given cannabis. The researchers
concluded that “Based on the currently available scientific data, it is
reasonable to think that cannabis might significantly slow the progression
of ALS, potentially extending life expectancy and substantially reducing
the overall burden of the disease.””® As DNA testing can identify many at-
risk dogs, it seems reasonable to try to slow or prevent the disease
progression with cannabis.

Dogs and cats are both susceptible to diabetes. The condition is difficult to
control, and many people cannot cope with the demands of treating a
diabetic pet. Cannabinoids may offer help. With cannabinoids’ role as
master controller of hormones and other neurotransmitters involved in
homeostasis, it’s no surprise that they influence metabolism. Interestingly,
human cannabis users are more likely to possess a lower body mass index,
lower fasting insulin, and lower insulin resistance compared to non-
users.’!

Chronic inflammation plays a key role in the development of type 2
diabetes. CBD’s anti-inflammatory properties may lessen inflammation
and reduce the chance of developing diabetes. CBD has been shown to



reduce the incidence of diabetes in normal-weight mice,?? and it may
actually suppress and even reverse the disease.?

A second cannabinoid, THCV (tetrahydrocannabivarin), has also been
shown to combat diabetes. A 2013 study reported that THCV reduces
glucose intolerance, improves glucose tolerance, improves liver
triglyceride levels, and increases insulin sensitivity—all beneficial relative

to diabetes.?4

Most people know free radicals are bad, but few understand why. Free
radicals are involved in aging, cancer, and other significant diseases. They
occur when cell molecules have an unpaired electron, causing them to be
unstable and to capture an additional electron from adjacent stable
molecules. If they succeed, those molecules in turn become free radicals,
and the process continues until they disrupt the cell they make up.

Aging, along with environmental factors such as pollution, radiation,
herbicides, and cigarette smoke, increase free radical damage. The body
normally produces antioxidants that neutralize free radicals, but if free
radicals become too abundant, cell damage can occur.

CBD acts as an antioxidant, and may be helpful in preventing or treating a
number of conditions brought on or worsened by free radicals. In fact, the
United States government holds a patent for using cannabinoids as

antioxidants and neuroprotectants.>”

Pets, especially dogs, can suffer from glaucoma, a state of increased
pressure within the eye that can cause pain and blindness. Cannabis has
long been known to alleviate glaucoma to some degree, but THC has been
the component most associated with this relief. A recent study using cats
found another cannabinoid, cannabigerol (CBG), is equally effective and
doesn’t have THC’s mind-altering properties.?®



All the major cannabinoids, including CBD, have been shown to have
potent action against many bacteria, most notably methicillin-resistant
Staphylococcus aureus (MRSA).?”) MRSA occurs in pets just as it does in
people. CBD also has antibacterial power against staphylococci and
streptococci.”?® CBG has antibacterial properties (Mechoulam and Gaoni
1965), and so does CBCA.%

Dogs and other pets can suffer from a variety of inflammatory diseases,
including arthritis, asthma, inflammatory bowel disease, conjunctivitis,
dermatitis, glomerulonephritis, masticatory muscle myositis, pancreatitis,
panosteitis, and uveitis—basically any disease ending in “itis.”

Many human physicians and researchers now believe the role of
inflammation in the creation and proliferation of disease is far greater than
previously thought. “Inflammation is the root of cancer, heart disease and
brain decline,” says David Agus, M.D., Professor of Medicine and
Engineering at the University of Southern California and author of The
End of Illness: A Short Guide to a Long Life.

Tanya Edwards, M.D., the founder and former Medical Director of
Cleveland Clinic’s Center for Integrative Medicine, writes that
inflammation is now recognized as the underlying basis of a significant
number of diseases. Research has shown that inflammation plays a role in
turning on genes that predispose an animal to certain diseases, including
cancer. Edwards writes that Alzheimer’s disease, cardiovascular disease,
and diabetes, among others, may all be related to chronic inflammation in
the human body.3°

CB2 receptors appear to be critical targets for regulating inflammation,
and cannabinoids have been shown to be effective in suppressing
inflammation all over the body. Cannabinoids suppress inflammatory
responses, and thus lessen disease symptoms. They protect against
autoimmune disorders. And they may be helpful in preventing certain
types of cancers triggered by chronic inflammation. Cannabinoids with
documented anti-inflammatory properties include cannabidiol (CBD), B-
caryophyllene (BCP), cannabigerol (CBG), cannabichromene (CBC),
cannabigerolic acid (CBGa), and cannabidiolic acid (CBDa).



A 2009 review of cannabinoids concluded, “[c]annabinoids are potent anti-
inflammatory agents” and that “[m]anipulation of endocannabinoids
and/or use of exogenous cannabinoids in vivo can constitute a potent
treatment modality against inflammatory disorders.”3!

Obesity is at epidemic proportions among pets and people. Although THC
is well-known for increasing appetite, surprisingly, people who use
cannabis are documented to have lower prevalence of obesity, with lower
body mass index and smaller waist size compared to non-users>? despite
the fact that they consume more calories.?® The effect is postulated to be
due to the combined actions of several cannabinoids, especially CBD and
THCV. There are anecdotal reports of people taking CBD who had
reduced appetite and weight loss, but the question awaits more rigorous
research.

OCD occurs in animals as well as people; in fact, a genetic basis for it has
been found in some dog breeds. The condition in animals can be
debilitating, as it may involve self-mutilation or chronic repetitive
behavior at the cost of interacting with family or even eating.

Anecdotal reports from people with OCD support the finding that CBD
reduces obsessive-compulsive behaviors. Even at low doses, CBD has

been shown to decrease repetitive behavior in rats.>*

Cannabinoids achieve anlagesia, or pain reduction, through CBD1
receptors in parts of the brain responsible for pain reception (nociception)
and CBD2 receptors in peripheral nerve endings. Cannabinoids also
alleviate pain by causing other cells to reduce their release of
inflammatory agents. Cannabinoids prevent neuropathy in animals
exposed to chemotherapy drugs® and can be as effective as morphine in
the reduction of tumor pain.>®

Numerous cannabinoids, including CBD, CBG, CBN, CBCA, and CBGA
have demonstrated analgesic properties.



Bone cancer is a particularly painful tumor seen in pets. Several studies
have shown cannabinoids can reduce this pain.>”

Medical marijuana is probably best known for its ability to quell
intractable seizures, and in fact it has been used for this for centuries.
Decades of research have shown that cannabinoids, including CBD and
cannabidivaran (CBDV) effectively control seizures in animal models.3?
CBD affects several endogenous cannabinoid pathways simultaneously
and works additively and sometimes synergistically with other anti-
epileptic drugs.>?

The widely publicized case of a young girl named Charlotte, who had
intractable seizures, brought the use of medical marijuana to the public’s
attention.*® Most people don’t realize it was CBD-rich extract, rather than
THC, that brought about her dramatic reduction in seizure rate from about
1,200 a month to about three. She’s not alone. Of nearly 40 epileptic
children, all but one saw such vast improvement that they were removed
from their regular medication.

Seizures also occur in pets, especially some dog breeds, and many result in
euthanasia. Anecdotal reports and user surveys confirm that cannabinoids
can dramatically reduce seizure rates and intensity in dogs, but no
published studies are yet available.

The most common skin condition of pets is pruritis (itchiness). The
condition can be so bad that pet owners turn to euthanasia. Now CBD may
offer an option. Sensory nerve fibers from the skin contain cannabinoid
receptors. Researchers found that cannabinoids applied directly to the skin
can significantly reduce itching in humans.*! Other studies have also found
that cannabinoids can protect against contact dermatitis.*’

A review article about the role of cannabinoids in skin health concludes:
“It seems that the main physiological function of the cutaneous ECS is to
constitutively control the proper and well-balanced proliferation,
differentiation and survival, as well as immune competence and/or
tolerance, of skin cells. The disruption of this delicate balance might



facilitate the development of multiple pathological conditions and diseases
of the skin (e.g., acne, seborrhea, allergic dermatitis, itch and pain,
psoriasis, hair growth disorders, systemic sclerosis and cancer).”*3

Another, which looked specifically at cannabinoid receptors in dog skin,
concluded: “The endocannabinoid system and cannabimimetic compounds
protect against effects of allergic inflammatory disorders in various species
of mammals...this system may be a target for treatment of immune-
mediated and inflammatory disorders such as allergic skin diseases in

dogs.”**

Pets, like people, can suffer spinal injuries from accidents. In addition,
many breeds, especially dog breeds, are predisposed to spinal injury from
intervertebral disc disease. Although research looking at CBD’s effect on
recovery from spinal injury is fairly new, already researchers have found
that rats treated with CBD following spinal cord injury have improved
movement.*> Administering cannabinoids soon after injury reduces pro-
inflammatory cytokines, delays neuronal atrophy, and protects the myelin
sheath surrounding the cord.*®

Besides making a pet feel lousy, prolonged vomiting can cause
dehydration and weight loss. Cannabinoids have been widely shown to
have antiemetic (or anti-vomiting) effects. Although most research has
been with THC and synthetic cannabinoids, CBD has also been shown to
work in animal models.*” “Preclinical research indicates that
cannabinioids, including CBD, may be effective clinically for treating both
nausea and vomiting produced by chemotherapy or other therapeutic
treatments.”*®

The cannabinoid CBDA may be even more effective than CBD in
reducing nausea and vomiting in animals.*’

Besides these conditions, there is also limited evidence that cannabinoids
may be helpful in the prevention or treatment of liver disease, kidney



disease, and lower urinary tract infections. Much more research needs to
be done to both uncover their full potential as well as sift out false leads.
Cannabinoids are not miracle workers. They are not going to cure cancer
—but they just may slow it or make it more bearable. Or maybe they
actually will cure it in its early stages—we just don’t know yet. There’s no
evidence of cannabinoids being helpful in another major disease of dogs,
heart disease, or that they are able to combat common hereditary
conditions such as progressive retinal atrophy, hip dysplasia or patellar
luxation. But they may help alleviate anxiety from breathing or visual
problems, or inflammation and pain from joint problems. Cannabinoids are
not miracle workers—they won’t fix everything—but for dogs with
problems they do work on, they just may be miraculous.
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Cannabinoids are an essential part of lifelong nutrition to ensure optimal
health. But what happens when a person or animal is deficient in normal



levels? It’s widely known that deficiencies in a variety of normal body
chemicals are often found, and moreover, these deficiencies lead to
suboptimal health or full-blown disease; for example, deficiencies in
neurotransmitters can cause neural problems resulting in diseases affecting
mood, cognition, and movement, among others. Likewise, naturally
occurring endocannabinoid deficiencies almost surely exist. It would be
foolish to believe that the body always makes sufficient levels of
endocannabinoids to satisfy its needs, just as it doesn’t always make
enough of many other vitamins and nutrients it needs. When deficiencies
of nutrients are discovered, drugs or supplements are used to take up the
slack. In the case of endocannabinoid deficiency, we are fortunate that we
can replace them with plant-derived cannabinoids. Could it be, for
example, that people and pets who are susceptible to cancer (or anxiety or
glaucoma or seizures) are cannabinoid deficient?

A 2004 article by FEthan B. Russo postulating endocannabinoid
deficiencies behind several human conditions concluded, “Migraine,
fibromyalgia, IBS and related conditions display common clinical,
biochemical and pathophysiological patterns that suggest an underlying
clinical endocannabinoid deficiency that may be suitably treated with
cannabinoid medicines.”>°

In 2014, researchers revisited the earlier study. Not only did they verify the
conclusions, they also added, “Subsequent research has confirmed that
underlying endocannabinoid deficiencies indeed play a role in migraine,
fibromyalgia, irritable bowel syndrome and a growing list of other medical
conditions. Clinical experience is bearing this out. Further research and
especially, clinical trials will further demonstrate the usefulness of medical
cannabis. As legal barriers fall and scientific bias fades this will become
more apparent.”>!

A 2014 veterinary journal postulated the occurrence of “endocannabinoid
deficiency syndrome” in pets.

As it turns out, the nervous, lymphatic and possibly other systems
within the body already house cannabinoid receptors, making them
already prepared to respond to both phyto- and endo-cannabinoids.
Perhaps unsurprisingly, given the observed benefits of MMJ for
epilepsy, the eCB system regulates neuronal excitability. When it



falters, an “eCB deficiency syndrome” may result, associated not
only with seizures but also with the onset of fibromyalgia, irritable
bowel syndrome, migraine and other maladaptive states.

In other words, while a normally functioning eCB system dampens
neuronal excitation, its downregulation fosters neuronal
hyperexcitability and dysfunction. In fact, many integrative
approaches for epilepsy also affect eCB states, including
acupuncture along with certain nutritional supplements, herbal
medicines, dietary changes, and, of course, cannabis.”?

As Dr. Russo concluded in his 2004 paper on CEDC, “...clinical cannabis
has become a compass to what modern medicine fails to cure.”>3

It’s apparent that cannabinoids are becoming vital tools in the fight against
disease—but even more important is their value in maintaining health.
This is especially true for middle-aged or senior pets. Modern advances in
canine nutrition, medication, and therapies mean dogs are now living
longer than ever. However, that often means they are living longer with
degenerative health issues!

Cannabinoids prevent and combat common complaints of aging, including
diminution of mental capacities, anxiety, lack of appetite, and
inflammation and pain associated with arthritis. But beyond that,
cannabinoids may simply make pets feel better, improving their comfort,
mood, activity and appetite, so they feel and act like a younger version of
themselves—and maybe even better! When your pet is more active, has
better mental clarity, better muscle tone, better nutrition and maintains a
proper weight, those factors contribute to better health, better quality of
life, and longer life.

Even in younger pets, cannabinoids play an important role in maintaining
homeostasis. Foremost among cannabinoids’ benefits for healthy pets is
their reduction of inflammation, as inflammation can bring on a host of
problems including pain, autoimmune problems, cancer and arthritis.
Cannabinoids are better used as a part of a holistic approach to pet health,
not simply a therapy to turn to when things go wrong.



Unlike humans, pets can’t tell you that they feel lethargic, depressed, or
confused. Once owners notice such things, the condition is usually
advanced. Nor can they go out and hunt for plants or foods that may
contain nutrients missing in their diet. It’s up to us to supply a balanced
diet with any supplements their body may be lacking. Especially in light of
the possibility of endocannabinoid deficiency syndrome, the prudent
practice is to give our pets’ bodies access to some of the most important
natural compounds for their health and well-being: cannabinoids.

* Fifty-plus years of medical research on cannabinoids have produced
thousands of studies, revealing dozens of health applications in animals.

« CBD is the most well-known and often studied non-psychoactive
cannabinoid and has been found to be non-toxic, with very few, if any,
side effects.

* There are multiple cannabinoids in hemp that can potentially provide
therapeutic benefit for dogs, including CBD, CBG, CBC and BCP.

* Endocannabinoid deficiency syndrome may be responsible for health
issues in aging pets.

« Cannabinoids are not just for when your dog is sick or when
pharmaceuticals fail. They are a beneficial component of daily nutrition
for all pets.






CHAPTER 4:

t seems like we should all be taking cannabinoid pills, and to some

extent, we should. But you can’t just eat a plant or swallow a pill to get

the full benefits. For one, the health benefits of cannabis are not just
due to cannabinoids alone. Cannabis plants have more than 500 chemical
compounds in them, including cannabinoids, terpenes, and flavonoids, and
many of them work together synergistically in an entourage effect. That’s
important. You can’t just extract one cannabinoid, even CBD, and expect
to get the same benefits you would from the whole plant.

In addition, cannabinoids also have to be properly extracted and activated
from the acid forms present in raw hemp. In nature, cannabinoids are
represented in their acid forms: CBDA, CBGA, CBCA, and so on. The
reason historically that cannabis is cooked, smoked, or heated for
therapeutic consumption is that the process of applying heat
decarboxylates (converts) the acid forms to their activated counterparts:
CBDA == CBD, CBGA == CBG, CBCA == CBC, and so forth. Since
we wouldn’t ask our dogs to smoke hemp, we have to ensure
cannabinoids, terpenes, and flavonoids are extracted from the plant
effectively.



In general, the acid forms of cannabinoids have different therapeutic
effects from their activated counterparts, so it is important to maintain both
for ultimate health; but for most applications, the activated components
like CBD, CBC, and CBG are more significant than their acid counterparts
CBDA, CBCA, and CBGA. The same temperatures that will activate
cannabinoids will also destroy the volatile terpenes in the plant material
that are vital to an entourage effect. This means extraction can’t take place
in one step.

The final form must be available to the dog’s circulatory system. That’s
not as easy as it sounds.

Finally, if you wish to provide concentrated cannabinoids to your dog,
there is only one legal and safe source: industrial hemp. Concentrated
CBD and other cannabinoids are presently obtained from specialized
industrial hemp oil extracts.



Hemp extracts are not created equal. The plant source, phytochemical
diversity and ratios, extraction process and cannabinoid activation, quality
checks, and product bioavailability make a huge difference when it comes
to ensuring that the product not only contains activated cannabinoids, but
also delivers them to your dog’s endocannabinoid system.

Hemp plants absorb heavy metals, toxins, and even radiation from soil at a
very high rate—so high that they are sometimes planted to reduce soil
toxicity. While that’s good for the environment, plants grown under such
conditions are not a suitable source for edible products.

China produces about a quarter of all the hemp grown in the world, but a
very high percentage of Chinese hemp is grown in soil contaminated with
heavy metals and other pollutants. In some cases, the hemp is planted to
detoxify the soil to ready it for food crops. Chinese hemp is the least
expensive, but it is never acceptable.



In the United States, according to the 2014 Farm Bill, a State department
of agriculture may grow or cultivate industrial hemp if it satisfies two key
requirements. First, the industrial hemp must be grown or cultivated “for
purposes of research conducted under an agricultural pilot program or
other agricultural or academic research.” Second, the growing or
cultivating of industrial hemp must be “allowed under the laws of the State
in which such institution of higher education or State department of
agriculture is located and such research occurs.”’ At least 23 states have
enacted laws relating to industrial hemp, and several have begun
producing experimental crops.

EXTRACTION

The method used to extract oils from hemp greatly affects the components
of the final product. The simplest method, cold press extraction, is good
for getting the seeds’ nutrition and flavor but not for getting CBD and
other cannabinoids. This method, which is much like the one used to



produce olive oil, is used to produce hemp seed oil found in supermarkets.
It doesn’t concentrate the phytochemicals enough for any cannabinoid
benefits.

The gold standard for producing a plant extract is that used by the essential
oil industry, CO, (carbon dioxide) extraction.

At certain temperatures and pressures, CO, acts like a solvent without the
dangers of actually being one. CO, extraction is widely considered the

most effective and safest plant extraction method in the world; it’s used,
for example, to remove caffeine from coffee beans and to produce herbal
supplements and essential oils. It’s also the most expensive extraction
method.

THE SUPERCRITICAL EXTRACTION PROCESS
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High pressure and high temperature “supercritical” CO, extraction is

effective at extracting larger molecules such as CBD and lipids like omega
3 and omega 6, chlorophyll, and waxes, but it damages most terpenes and
heat-sensitive chemicals.

Low pressure and low temperature “subcritical” CO, extraction retains the

essential oils, terpenes, and other sensitive chemicals, but it takes more
time and produces much smaller yields.



“Full spectrum” CO, extractions combine the two processes. First,

subcritical extraction is performed, followed by the supercritical
extraction, and then both oil extracts are homogenized into one. This
method preserves phytochemical diversity and enhances the entourage
effect (the synergistic effect of multiple compounds). It provides for an
array of both activated and acid form cannabinoids, and preserves the
volatile terpenes and flavonoids in the oils. This is the process that
provides whole-plant hemp extracts.

Most cannabis oils are the product of supercritical extraction only,
rendering them completely lacking in terpenes and in secondary
cannabinoids.

True full spectrum, whole-plant hemp oils are exceptionally rare.
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It is important to conduct high performance liquid chromatography
(HPLC) testing to determine the amounts of the various phytochemicals in
each batch of raw material extract.

This enables batches to be blended to deliver consistent cannabinoid and
terpene ratios and abundance. Screening for toxins and metals should also
be done at this stage to ensure product safety.



Effective hemp products require a diverse array of phytochemicals—not
just CBD. As researchers continue to delve into the properties of
cannabinoids, they are finding that every cannabinoid is different, each
with its own benefits and effects on the body. Perhaps more importantly,
they are finding that these compounds work additively and synergistically;
that is, they interact to reinforce one another.

So while CBD may seem the star when it comes to medicinal cannabis, it
has a host of supporting cast members that not only play their own roles,
but allow the star to play off of them. The whole is greater than the sum of
the parts; a drama with one character is seldom as effective as one with an
entourage.

For example, not only does -caryophyllene (BCP) contribute its own anti-
inflammatory properties, it also increases the uptake of CBD by the body.

It’s not just the cannabinoids in hemp that work together. Cannabis plants
also contain terpenes, organic compounds usually known for their strong
fragrance and flavor. Terpenes are prevalent in hemp but also found in
thousands of other plants besides cannabis. Terpenes are FDA-approved
food additives and are common in human and animal diets. Terpenes can
interact with cannabinoids in beneficial ways. For example, the terpene
myrcene aids in allowing cannabinoids to cross the blood-brain barrier and
is itself associated with antidepressant, anti-inflammatory, antimicrobial,
anticarcinogen and antioxidant properties.> Humulene is a terpene with
analgesic, antibacterial, anti-inflammatory, and antiproliferative
properties.> Caryophyllene oxide is an antifungal. Linalool is an analgesic,
anti-epileptic, antipsychotic, and anxiolitic. Limonene has antidepressant,
antiepileptic, antipsychotic, and anxiolitic properties, and it stimulates the
immune system and reduces gastroesophageal reflux.

Terpenes have been designated “generally recognized as safe” (GRAS) as
a food additive by the U.S. Food and Drug Administration. See Appendix
IT for more details on terpenes, cannabinoids, and their entourage effects
from the British Journal of Pharmacology.



In addition to terpenes, cannabis plants also contain flavonoids, plant
metabolites known for their antioxidant and anti-inflammatory benefits.
Quercetin is a type of flavonoid found in plant foods, including leafy
greens, tomatoes, berries, and broccoli. It’s also found in cannabis.
Quercetin is technically considered a plant pigment, which is exactly why
it’s found in deeply colored, nutrient-packed fruits and vegetables. It is a
potent antioxidant, and combinations of quercetin and other antioxidants
probably work synergistically.* Quercetin is now largely utilized as a
nutritional supplement to combat diabetes, obesity, circulatory
dysfunction, inflammation, and mood disorders.”

Apigenin is a flavonoid found in fruits and vegetables including parsley,
onions, oranges, tea, chamomile, wheat sprouts, and hemp, and “has been
shown to possess remarkable anti-inflammatory, antioxidant and anti-
carcinogenic properties.”® Apigenin also demonstrates gastroprotective
properties.” In 2016 it was reported that apigenin showed promising
analgesic and anti-inflammatory activities.?

A flavonoid unique to cannabis, cannaflavin A, inhibits the inflammatory
molecule PGE-2 thirty times more effectively than aspirin.”

The cannabinoids, terpenes and flavonoids in cannabis work together as a
team, creating what is known as the entourage effect. The phrase was
coined in 1999 by Dr. Ralph Mechoulam (the same scientist who first
isolated THC and studied many non-psychoactive cannabinoids in the
1960s)!'Y and elucidated by Dr. Ethan B. Russo in his seminal article on the
topic.!!

The entourage effect explains why synthetic versions of cannabinoids have
often been disappointing compared to whole plant preparations. For
example, Marinol, a prescription drug containing pure THC, has been
found by physicians and patients alike to be a poor substitute for cannabis.

Pure CBD, too, is not nearly as effective alone as it is in the company of
other compounds usually found with it in cannabis. Several studies have
found that CBD in a cannabis plant extract is more effective than pure



CBD. This includes its effect on slowing tumor proliferation and on pain
and inflammation. '?

Promoting a powerful entourage effect is the basis for the superiority of
whole-plant extracts.

Why not just eat the whole hemp plant? For one, the quantity needed
would be prohibitive; it would take pounds of raw hemp to produce the
same amount of cannabinoids and terpenes present in one ounce of
extracted product. In addition, the levels of cannabinoids and other
components vary too much from plant to plant, so it would be impossible
to standardize dosages. Further, the cannabinoids in raw plants are
exclusively in their acid form, and they require activation. Finally, eating a
plant is not an efficient way to deliver cannabinoids and other compounds
into the bloodstream. This is what we mean when we talk about
bioavailability.
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Even when phytochemicals are properly extracted and activated from the
plant source, there’s a catch: when cannabis is eaten, the gastrointestinal
tract and liver break down the CBD to metabolites (most notably 7-
hydroxy-CBD and CBD-7-oic acid), which don’t act as cannabinoids.



Known as the hepatic first pass effect, it occurs because a product that is
swallowed is absorbed by the digestive system and carried to the liver
before it reaches the rest of the body. The liver then metabolizes the
product, sometimes to such an extent that very little product is left to enter
the circulatory system. This first pass effect can essentially neutralize the
effects of many drugs and compounds, including the cannabinoids and
terpenes. In fact, researchers have known as far back as 1988 that CBD is
barely absorbed after oral administration to dogs.!?

The best solution is to bypass the gastrointestinal system and instead
deliver the phytochemicals in a medium designed to dissolve in the mouth,
which allows them to be absorbed directly into the bloodstream. This
provides for rapid uptake of cannabinoids and very high bioavailability.

This is why the most successful pharmaceutical efforts into cannabinoids,
such as GW Research Sativex products, are delivered via oral-mucosal
spray, which allows for 10-15 times the bio-availability of digested

products.



A safe and effective cannabinoid product for your dog should:
« Use organic, quality screened hemp.
 Be produced using whole plant CO, extracts.

* Be screened for cannabinoid levels and toxins.

» Provide an abundance of diverse activated cannabinoids and terpenes,
not just CBD.

 Effectively deliver those cannabinoids to your dog’s endocannabinoid
system (ECS) with high bioavailability.






CHAPTER 5:

Georgia, a Cavalier King Charles Spaniel, suffered from syringomyelia, a
serious and painful neurological disease caused by a malformation of the
skull opening. Her owner, Kelly Conway, was desperate to find relief for
Georgia. “This condition leaks spinal cord fluid and air pockets fill up her
spine,” said Conway. “She also has chronic dry eye, chronic ear infections
and arthritis/hip dysplasia. My beautiful baby is a lemon.”

Syringomelia tends to get progressively worse as the compressed spinal
cord causes some parts of the body to feel as though they have “fallen
asleep.” It also causes itching, tingling and pain. “Georgia would bang her
head, scratch, rub, and make her face bleed, trying to stop the pins and
needles. Her neck and back hurt. She would bite her legs and do a
helicopter scratch until she was almost crazy. ” Georgia was already taking
lots of Western medications, including gabapentin (Neurontin), Prilosec,
tramadol and Novox (for hips and arthritis), plus she was getting
acupuncture. When her veterinarian suggested Canna-Pet, Conway wasn’t
interested, as Georgia was already taking 12 pills a day. But when Conway
broke her leg and had to give Georgia up for three months, Georgia’s
extreme separation anxiety added the impetus to give Canna-Pet a try.
“The first two days, all Georgia did was sleep. I was scared. That wore off.
After two weeks, I had a completely different dog.”
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“I truly expected nothing to change. I think it definitely takes the edge off
of her pain, but the biggest change in Georgia was the reduction in anxiety.
The decrease of anxiety decreased the head banging, scratching, and so on.
The reduction of that behavior decreased the occurrence of eye and ear
infections. My girl began to play with toys and other dogs, and I could
hold her again. I can honestly say it was a mini-miracle for Georgia. She
rarely takes tramadol for pain now. This past week has been bad due to the
barometric pressure and constant rain in Philly, but she hasn’t had a



tramadol since well before Christmas. This is a big deal when discussing
this painful condition.”

Georgia was featured in a 2014 article about Canna-Pet on CNBC.!
Conway has now been using Canna-Pet products for over two years with
continued success and now has several other pets also using Canna-Pet
products.

Charlie was a blind and deaf 14-year-old Pug with congestive heart failure
—mnot exactly a dog with a future. His owners were giving him up, so
Kristine Lauria took him in. She’d only had him a few months when he
had his first seizures. The seizures started to come more often. “At first the
medications worked, but then they couldn’t control the seizures—he was
having a grand mal weekly, then daily, then three or four a day. He no
longer enjoyed life, and I had to face the decision whether to euthanize
him. I remember it was on a Thursday. A friend suggested Canna-Pet; I
figured what have I got to lose? I gave him the first dose Friday afternoon.
Saturday he maybe seemed a bit different. I kept giving it to him, and
Saturday evening he seemed to be walking more. By Sunday I remember
thinking, ‘This stuff is working!” He was rolling around, enjoying life! He
still had seizures—but they were down to one a day or even less often—
and his quality of life was back.”



o e e - R e —
Vi e R S S SN T SN
(o - i e . = m——

N
" i
oo

DEWEY’S STORY

Dewey’s owners could no longer cope with the 12-year-old Pug, so they
offered him for free on Craigslist. Fortunately, Lee Stevens of Harlee’s
Angels Rescue spotted the ad and brought him home. But he needed more
than a home. “He had a hard time walking, and he just plain didn’t enjoy
life,” recalls Stevens. So she tried Canna-Pet and gave Dewey a new lease
on life. “Canna-Pet definitely helped him. His attitude is so much
improved, he enjoys life much more, he’s more alert. Before, he was dull-



eyed and quiet; now he’s bright-eyed and into everything. It’s night and
day!”

Harlee’s Angels specializes in Pugs in need, so when another rescue group
was ready to give up on Gladys, they contacted Lee Stevens. Gladys
suffered brain injuries when she’d been hit by a car and left on the
roadside. The brain injuries caused intractable cluster seizures that weren’t
responding to medication. Says Stevens: “Within 24 hours of starting
Canna-Pet, she quit seizing. Now she has a seizure about once a week—a
huge improvement!”

Lee Stevens has treated several other dogs at Harlee’s Angels with Canna-
Pet:

Yet another Pug, 18-year old Olaf, was found in a blizzard, almost frozen.
He had mobility problems and anxiety issues. “Canna-Pet has helped his
quality of life and especially helped with his anxiety,” says Stevens.

Bruiser, a Saint Bernard, had joint problems. Stevens: “The Canna-Pet
helped with inflammation, and in turn, he’s walking better.”

Marlee, another Saint Bernard, has elbow dysplasia. “She was in pain, and
whined all the time,” recalls Stevens, “but within a week of starting
Canna-Pet, she was no longer whining.”

Stevens cautions that it’s not a miracle cure: “I don’t think it helped with
congestive heart failure, for example. It didn’t make blind dogs see or deaf
dogs hear! But it helps immensely with their quality of life, making them
less painful and less anxious. It makes a huge difference.”



MILES’S STORY

Donna Butler uses Canna-Pet for her dog Miles, who is paralyzed from the
waist down. He lost mobility in his back legs after being diagnosed with
degenerative myelopathy, the equivalent of ALS (Lou Gehrig’s disease) in
humans.

“He was starting to get real anxious,” recalls Butler. “He was starting to
react to loud noise in a way that he never had.”

Butler asked her veterinarian for something that would calm Miles’s
anxiety. Her doctor, Angie Stamm, DVM, went with Canna-Pet as a
natural remedy.

“He’s just much more content,” Butler says.”? “He’s just much more
stable.”






CHAPTER 6:

hen choosing a cannabis product, you should choose one that is

made specifically for pets. Dogs and cats have a lower

tolerance for THC and may be more sensitive to miniscule
amounts a human would not notice.

Several companies now offer cannabis products for pets. As these are
marketed as supplements, not drugs, there’s not as much oversight as
might otherwise be desirable. Buyers should be cautious of upstart
companies.

The pioneer is the field is a Seattle company, Canna-Pet®. They claim to
be (and that claim appears to be true) the only provider with a multi-year
product track record, established research connections with major
veterinary universities, third-party published data on their products, and
acceptance by major pet insurers like Trupanion and Petplan (with proper
riders for herbal therapy). They remain the only company to have achieved
formal registration for their cannabinoid pet products with the United
States Patent and Trademark Office (USPTO).

The company assures that its products meet the recommendations for
manufacture outlined in Chapter 4, using industrial hemp, full-spectrum
CO, extraction, high-performance liquid chromatography (HPLC) testing,

phytochemical diversity, and oral-mucosal delivery for best
bioavailability. The products contain over two dozen cannabinoids,
terpenes, and flavonoids, including CBD, B-caryophyllene, CBC, CBG,
limonene, a-pinene, and linalool. All production occurs in the United
States.



Canna-Pet appears to have many satisfied customers, judging from online
testimonials as well as the ones cited in this book. The company offers a
money-back satisfaction guarantee and has made available a discount to

readers:

Via the Canna-Pet.com website, any new customers who use
coupon code

will receive 30% off their first order, and a portion of the proceeds
will also be donated to the AKC Canine Health Foundation and
the San Diego Humane Society.


http://Canna-Pet.com
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APPENDIX I

PET OWNER SURVEY
RESULTS



STUDIES SHOW

among pet owners with an opinion

The Department of Clinical Sciences at the
Colorado State University EulleEle of Veterinary Medicine
surveyed 457 du%-luwners via the Canna-Pet® website.

ere are the results:

95% of dog owners felt that the

95 @j A consumption of hemp products

0 PROVIDED PAIN RELIEF either
moderately or a great deal.

+ 92.6% favor Canna-Pet® to SOME, MOST OR ANY MEDICATIONS.

« 92% report Canna-Pet® helps RELIEVE SEIZURES OR CONVULSIONS a moderate amount or a lot.
= 78,6% report Canna-Pet® helps MUSCLE SPASMS a moderate amount or a lot.

» 70.8% report Canna-Pet® helps DIGESTIVE TRACT PROBLEMS a moderate amount or a lot.

« 73% report Canna-Pet® INHIBITED CELL GROWTH IN TUMORS a moderate amount or a lot.

+ 61.8% report Canna-Pet® helps SKIN CONDITIONS a moderate amount or a lot.

» B8% report Canna-Pet® AIDS SLEEP a moderate amount or a lob.

+» 919% report Canna-Pet® REDUCED INFLAMMATION a moderate amount or a ot

+ 82.3% report Canna-Pet® helps REDUCE VOMITING OR NAUSEA a moderate amount or a lot.

« 92 8% report Canna-Pet® provides NERVOUS SYSTEM SUPPORT a moderate amount or a lot.

83.2% of dog owners reported that hemp
products HELPED RELIEVE ANXIETY

either moderately or a great deal.




APPENDIX 11

Laboratory/Animal/Preclinical Studies
» Antitumor Effects
» Antiemetic Effects
» Appetite Stimulation
 Analgesia
* Anxiety and Sleep

Cannabinoids are a group of 21-carbon-containing terpenophenolic
compounds produced uniquely by Cannabis species (e.g., Cannabis
sativaL.).»? These plant-derived compounds may be referred to as
phytocannabinoids. Although delta-9-tetrahydrocannabinol (THC) is the
primary psychoactive ingredient, other known compounds with biologic
activity are cannabinol (CBN), cannabidiol (CBD), cannabichromene
(CBC), cannabigerol (CBG), tetrahydrocannabivarin (THCV), and delta-8-
THC. CBD, in particular, is thought to have significant analgesic, anti-

inflammatory, and anxiolytic activity without the psychoactive effect
(high) of delta-9-THC.

One study in mice and rats suggested that cannabinoids may have a
protective effect against the development of certain types of tumors.?
During this 2-year study, groups of mice and rats were given various doses
of THC by gavage. A dose-related decrease in the incidence of hepatic
adenoma tumors and hepatocellular carcinoma (HCC) was observed in the
mice. Decreased incidences of benign tumors (polyps and adenomas) in
other organs (mammary gland, uterus, pituitary, testis, and pancreas) were
also noted in the rats. In another study, delta-9-THC, delta-8-THC, and
cannabinol were found to inhibit the growth of Lewis lung



adenocarcinoma cells in vitro and in vivo.* In addition, other tumors have
been shown to be sensitive to cannabinoid-induced growth inhibition.>®

Cannabinoids may cause antitumor effects by various mechanisms,
including induction of cell death, inhibition of cell growth, and inhibition
of tumor angiogenesis invasion and metastasis.”'> Two reviews
summarize the molecular mechanisms of action of cannabinoids as
antitumor agents.'>!4 Cannabinoids appear to kill tumor cells but do not
affect their nontransformed counterparts and may even protect them from
cell death. For example, these compounds have been shown to induce
apoptosis in glioma cells in culture and induce regression of glioma tumors
in mice and rats, while they protect normal glial cells of astroglial and
oligodendroglial lineages from apoptosis mediated by the CB1 receptor.”

The effects of delta-9-THC and a synthetic agonist of the CB2 receptor
were investigated in HCC.'®> Both agents reduced the viability of HCC
cells in vitro and demonstrated antitumor effects in HCC subcutaneous
xenografts in nude mice. The investigations documented that the anti-HCC
effects are mediated by way of the CB2 receptor. Similar to findings in
glioma cells, the cannabinoids were shown to trigger cell death through
stimulation of an endoplasmic reticulum stress pathway that activates
autophagy and promotes apoptosis. Other investigations have confirmed
that CB1 and CB2 receptors may be potential targets in non-small cell lung
carcinoma'® and breast cancer.!”

An in vitro study of the effect of CBD on programmed cell death in breast
cancer cell lines found that CBD induced programmed cell death,
independent of the CB1, CB2, or vanilloid receptors. CBD inhibited the
survival of both estrogen receptor-positive and estrogen receptor-negative
breast cancer cell lines, inducing apoptosis in a concentration-dependent
manner while having little effect on nontumorigenic mammary cells.!®
Other studies have also shown the antitumor effect of cannabinoids (i.e.,
CBD and THC) in preclinical models of breast cancer.!%%°

CBD has also been demonstrated to exert a chemopreventive effect in a
mouse model of colon cancer.”’ In this experimental system,
azoxymethane increased premalignant and malignant lesions in the mouse
colon. Animals treated with azoxymethane and CBD concurrently were
protected from developing premalignant and malignant lesions. In in vitro
experiments involving colorectal cancer cell lines, the investigators found



that CBD protected DNA from oxidative damage, increased
endocannabinoid levels, and reduced cell proliferation. In a subsequent
study, the investigators found that the antiproliferative effect of CBD was
counteracted by selective CB1 but not CB2 receptor antagonists,

suggesting an involvement of CB1 receptors.??

Another investigation into the antitumor effects of CBD examined the role
of intercellular adhesion molecule-1 (ICAM-1).1? ICAM-1 expression has
been reported to be negatively correlated with cancer metastasis. In lung
cancer cell lines, CBD upregulated ICAM-1, leading to decreased cancer
cell invasiveness.

In an in vivo model using severe combined immunodeficient mice,
subcutaneous tumors were generated by inoculating the animals with cells
from human non-small cell lung carcinoma cell lines.?> Tumor growth was
inhibited by 60% in THC-treated mice compared with vehicle-treated
control mice. Tumor specimens revealed that THC had antiangiogenic and
antiproliferative effects. However, research with immunocompetent
murine tumor models has demonstrated immunosuppression and enhanced
tumor growth in mice treated with THC.?42°

In addition, both plant-derived and endogenous cannabinoids have been
studied for anti-inflammatory effects. A mouse study demonstrated that
endogenous cannabinoid system signaling is likely to provide intrinsic
protection against colonic inflammation.?® As a result, a hypothesis that
phytocannabinoids and endocannabinoids may be useful in the risk
reduction and treatment of colorectal cancer has been developed.?’—3Y

CBD may also enhance uptake of cytotoxic drugs into malignant cells.
Activation of the transient receptor potential vanilloid type 2 (TRPV2) has
been shown to inhibit proliferation of human glioblastoma multiforme
cells and overcome resistance to the chemotherapy agent carmustine.3!
One study showed that coadministration of THC and CBD over single-
agent usage had greater antiproliferative activity in an in vitro study with
multiple human glioblastoma multiforme cell lines.?? In an in vitro model,
CBD increased TRPV2 activation and increased uptake of cytotoxic drugs,
leading to apoptosis of glioma cells without affecting normal human
astrocytes. This suggests that coadministration of CBD with cytotoxic
agents may increase drug uptake and potentiate cell death in human glioma
cells. Also, CBD together with THC may enhance the antitumor activity of



classic chemotherapeutic drugs such as temozolomide in some mouse
models of cancer.!333

Preclinical research suggests that emetic circuitry is tonically controlled by
endocannabinoids. The antiemetic action of cannabinoids is believed to be
mediated via interaction with the 5-hydroxytryptamine 3 (5-HT3) receptor.
CB1 receptors and 5-HT3 receptors are colocalized on gamma-
aminobutyric acid (GABA)-ergic neurons, where they have opposite
effects on GABA release.?* There also may be direct inhibition of 5-HT3
gated ion currents through non-CB1 receptor pathways. CB1 receptor
antagonists have been shown to elicit emesis in the least shrew that is
reversed by cannabinoid agonists.>> The involvement of CB1 receptor in
emesis prevention has been shown by the ability of CB1 antagonists to
reverse the effects of THC and other synthetic cannabinoid CB1 agonists
in suppressing vomiting caused by cisplatin in the house musk shrew and
lithium chloride in the least shrew. In the latter model, CBD was also
shown to be efficacious.3¢3

Many animal studies have previously demonstrated that delta-9-THC and
other cannabinoids have a stimulatory effect on appetite and increase food
intake. It is believed that the endogenous cannabinoid system may serve as
a regulator of feeding behavior. The endogenous cannabinoid anandamide
potently enhances appetite in mice.3® Moreover, CB1 receptors in the
hypothalamus may be involved in the motivational or reward aspects of
eating.3°

Understanding the mechanism of cannabinoid-induced analgesia has been
increased through the study of cannabinoid receptors, endocannabinoids,
and synthetic agonists and antagonists. Cannabinoids produce analgesia
through supraspinal, spinal, and peripheral modes of action, acting on both
ascending and descending pain pathways.*® The CB1 receptor is found in
both the central nervous system (CNS) and in peripheral nerve terminals.
Similar to opioid receptors, increased levels of the CB1 receptor are found



in regions of the brain that regulate nociceptive processing.*! CB2
receptors, located predominantly in peripheral tissue, exist at very low
levels in the CNS. With the development of receptor-specific antagonists,
additional information about the roles of the receptors and endogenous
cannabinoids in the modulation of pain has been obtained.*?*3

Cannabinoids may also contribute to pain modulation through an anti-
inflammatory mechanism; a CB2 effect with cannabinoids acting on mast
cell receptors to attenuate the release of inflammatory agents, such as
histamine and serotonin, and on keratinocytes to enhance the release of
analgesic opioids has been described.**4® One study reported that the
efficacy of synthetic CB1- and CB2-receptor agonists were comparable
with the efficacy of morphine in a murine model of tumor pain.*’

Cannabinoids have been shown to prevent chemotherapy-induced
neuropathy in animal models exposed to paclitaxel, vincristine, or
cisplatin.*8—>0

The endocannabinoid system is believed to be centrally involved in the
regulation of mood and the extinction of aversive memories. Animal
studies have shown CBD to have anxiolytic properties. It was shown in
rats that these anxiolytic properties are mediated through unknown
mechanisms.”’ Anxiolytic effects of CBD have been shown in several
animal models.>%>3

The endocannabinoid system has also been shown to play a key role in the
modulation of the sleep-waking cycle in rats.>*>°
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Table 1
Phytocannabinodd activity table

Phytocannablnold strocture Sebected pharmacology (reference) Symaerglstic terpenclds
Analgesic via CBy and CB (Rahn and Hobamann, 2009) Yariouw
Alfantiouidant (Hampaon #f of, 1998) Limonene #f af.
%\,\A Bronchodilatony (Williams ef al, 1976) F—
& 5%, Alzheimer disease (Volicer ef of, 1997; Eubanks ef al, 2008) Limonene, pinene, linalool
Benefit on ducdenal ulcers [Douthwaite, 1947) Caryophylene, limonene
Muscle refaxant (Kavia of al, 2010) Unalocd?
ek D-tetralnadrocannsbine [THO) Antipruritic, chobeatic jaardice (Mell of ol, 2002) Caryophylene?
Alfantioxkdant (Hamgaon ef ol, 1998) Limaene ef al.
Anti-anshety via 3-HTia (Russo of ol, 2005) Linslool, Bmorsne
Anticomvuliam (lones ef af,, 2010) Linalool
Cylotoxic verus breast cancer (Ligresti #f ol, 2008) Limonene
T addencaine A sigrating (Carrier of al, 2006) Unalocl
Elfective versus MASA (Appending ef of, 2008} Pinene
o Decresses whum/sehocytes (Biro o ol, 2009) Panens, limonens, linalool
el Treatrment of addiction (see bext) Caryophyliene
Anti-inflammatory/anakgesc (Davis and Hatoum, 1983} Varkous
Antifungal (ElSchly ef al, 1982) Caryophyfene oxide

AEA uplake inhibilor (De Petrocellis ef al, 2011)

‘g,

Anilicdepressant in rodent model (Deyo and Musly, 2003) Limatene
Ennnabichoemens
aH TRPMSE artagonist peostate cancer (Do Pelrocellis of o, 2011} Canerabis terperoids
CABA uptake mhibitor (Banerjée of al, 1975) Phytod, inakool
Anti-lungal (BiSohly o o, 1983) Caryoplndens oaide
Antidepressant rodent model (Musty snd Deyo, 2006); and via Limotsens
5-HT:4 antagonism (Casclo o ai, 2010)
Analgesic, o-2 adrenergle blockade [Casclo ef af, 2000) Vatiows
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= Effective versus MRSA {(Appending ef al, 2008) Pinern:
Alfantk-hyperalgesic (Bologninl o ol, 2010) Caryopinlene efal. ...

Troatrmsent of metabolic syrdrome (Cawtharms o o, 2007) -

>

Anticonabeant (Hill et al, 2010) Linabool
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aminokuayTic ackd; TRPY, trantient recephor pabential vanilhod recepon; MRSA, medhicdlin-resistant Mophylooscon ourew; 5x, TS,



Table 2
Cannabis Terpencid Activity Table

Terpenaid Structure

oleglcal activity (Reference)

Synerglstic

cannablinobd

Prepgd

CaryophySens
Dk

Lemon balm

Mermldal
o

Dty

i 1 ! |
e
Grpary 1ol

Patent AD/immuncstiruilant va inhalation
(Kormor of al, 1995)

Arvdobytic (Canvaliho-Froitas and Costa, 2002; Pultrind Ade of ol,
20:06) vl 5-HTya (Komiya ef ol, 2006)

Apoptosh of breast cancer cells (Vigushin #f al,, 1998)

Active aqainst acne bacteria (Kim ef ol, 2008)

Dermatogindes (Sanguinetti of af, 2007; Sngh ef o, 2010)

Gatro-cisophageal rellux (Harrs, 2010)

Anti-inllammatony via PGE1 (Gl of al, 1989)
Bronchadilsony in humans (Falk of al 1990)

Acetylcholinesterase inhibitor, aiding memany
(Perry of al, 2000)

Bloks inflammation via PGE-2 (Loceruetti of al, 1991}
Anakyese, antsgonized by naloxone (R of al, 1990)
Seclating, mascle relaxant, hypootic {do Vake o ol, 2002)
Blecks hepatic carcinogenets by slatoin

{de Oliveira of of,, 1997)

Antianzlely (Busao, 2001)

Selative on nhalation in mice (Buchbader o o, 1993)
Local anesthetic (Re of al, 2000)

Anakpesic via slenosine Ag, (Peana ef al, 2006)
Anticonmulsant/anti-glutamate (Elbabetaky of al, 1595)

Fotent anti-leishmandal (do Scoomo of al, 2003)

Al via PGE-1 comparable phenylbutarone (Basile of al, 1988)
Gastric cytoprotective (Tambe ef al, 1998)

Anti-malarial {Campbell ef of, 1997)

Sefective CBp agoned (100 nd) (Gertsch of ol, 2008)
Treatment of prunitus? (Karsk of ol, 2007)

Treatment of sddiction? (X ef al, 2010)

Decreases platelet sggregation (Lin e al, 2003)

Antfungal in onychomycosh comparable to
ciclopiroxolamine and sulconazole (Yang of al, 1999)

Endecticidal/anti-Peedant (Bettarin & o, 1993}

Sedlative (Binet of al, 1972)
Skin penetrant (Conmmwell and Bamy, 1994)
Potent antimalaial (Lopes «f al, 1999,

Rodrigues Coulart of of,, 2004)
Anti-leshmantsd activity (Arruda ef af, 2005)
Breakdown peoduct of chioroplhyll
Prevents Vitamin A tevatogenesls (Ambold ef al, J002)

TGABA, via SS5ADH inhibition (Bang ef al, 2002)

CED
CBD

CBD, CBG
CBD
CBG
THEC

CED
THC

THC?, CBD

CBD
CBD, THC
THC
CBD, CBG

CBD, CBG?
THC
THC
CBD

CBD, THCY,
cBDv

CED

THC
CED

CBC.CBG

THCA, CBGA

THC, CBM

CBG

Representative plants {vum.uning wach lerpenoid are d;pl.'l.:.'{'d a3 examples to promole ruw_;nit'mn. bull many species contain therm in warying concentrations
5.HT, 5-hydroxytryptamine (seratonin); AD, antidepressant; Al, anti-inflammatory; CBuCBy, cannabinold meceptor 1 or 2 CABA, gamma aminobutyric acid;
PGE-1/PGE-2, prostaglandin E-1/prostaglandin E-2; S3ADH, succinic semdaldehyde dehydrogenase.
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