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It’s very exciting to be part 
of our Editorial Committee 
at a time when the AHVMA 
is leading the profession in 
so many ways. Our organi-
zation started out with a 
group of veterinarians who 
strayed from the conven-
tional pack, finding meth-
ods of healing that were 
not taught in the veterinary 
schools. Over this last half 

century, we have seen some of our modalities find varying  
degrees of acceptance in the greater profession as veterinar-
ians achieve post-graduate training in acupuncture, chiro- 
practic, herbs, homeopathy, essential oils, and many other 
therapies. Veterinary schools now have staff trained in 
various CAVM modalities, with rotations and research 
in CAVM in some of these schools as well. And who could 
have foreseen the day when an herb would take the vet-
erinary profession by storm, rocking the status quo of the 
controlled drug laws and topping the charts with client  
inquiries and home prescribing for pets? 

I am proud to say that the AHVMA has led the profession 
in educating veterinarians about cannabis. Beginning in 
2014, when hemp and CBD had just been partially legal-
ized by the Farm Bill of 2014, Dr. Rob Silver lectured on 
Cannabis sativa L as an emerging palliative therapy in vet-
erinary patients. Since that time, the AHVMA Conference 
has held many hours of lectures on cannabis as the body of 
knowledge on the plant has emerged. This Journal has pub-
lished university-based studies, including one in the past 
year on the use of a hemp extract for osteoarthritis pain 
in dogs. Also this past year, we published a full review of 
the regulatory status of cannabinoids in the United States. 
And now, we are proud to present what is likely the most 
comprehensive review of cannabis in veterinary medicine, 
compiled by four veterinarians regarded as experts in this 
field. To ensure its accuracy, the paper was reviewed by 
three other veterinarians who are also considered to be 
experts in this field. 

A few years ago, the owner of a company that produces a 
CBD product opened his lunch-and-learn at our hospital 
with this question: What can CBD help? We vets looked at 

each other and replied in unison, “Everything.” Granted,  
we were being somewhat sarcastic, hearing clients on 
a daily basis declare a smorgasbord of indications for  
which they were home prescribing the product for their 
pets. As it turns out, the endocannabinoid system is  
located throughout the body, truly enabling a wide array 
of indications—and opportunities—to help our patients! 

I’m sure you’ll find this review edifying. It’s not the first 
we’ve published, and more will follow as additional states 
allow use and research into this complex herb.

We are also very excited to publish a comprehensive  
review of the pediatric immune system by a member of  
our Editorial Committee, the amazing Dr. Jean Dodds.  
Regardless of which modalities you use in your practice, 
the information in this paper is invaluable. 

And because we cannot seem to go anywhere without  
being reminded of COVID-19, Dr. Michael W. Fox, with the 
assistance of our two indefatigable veterinary student  
interns, has contributed a paper detailing the dangers  
that arise when we abuse the planet and the creatures  
that inhabit it.

Finally, the Editorial Committee bids farewell to Drs. Rick 
Palmquist and Ann Swartz and thanks them for their 
many contributions to the Journal. At the same time, we 
welcome Dr. Lea Stogdale to the Committee. Dr. Stogdale 
is a Manitoba-based internal medicine specialist with  
an integrative approach. I was wowed by her AHVMA 
Conference presentations on chronic kidney disease in 
cats and how, contrary to prevailing views in the profes-
sion, these cats do better on raw diets—something I have 
observed as well. Dr. Stogdale is passionate about the  
publication of high-quality papers in the field of CAVM.

Stay tuned for our special Spring 2021 issue devoted  
to helping veterinarians and veterinary students man-
age stress.

Editor's Introduction

Shelley R. Epstein, VMD
Editor-in-Chief 
Editorial Committee Chairperson



AHVMA Journal  •  Volume 61 Winter 2020    7

www.hempmypet.com


8    AHVMA Journal  •  Volume 61 Winter 2020

Hello, AHVMA, and thank 
you for the honor of serving 
you as president for 2020–
21. This has been a year of 
extreme enlightenment and 
change. We are witnessing 
a paradigm shift from head 
to heart and an awareness 
that will hopefully help the 
planet and our human-ness. 

It was disappointing that 
we could not meet in person this year for our Conference.  
As we know, humans are social creatures, and our  
Conference is a wonderful way to reconnect with friends 
and colleagues as well as forge new relationships with 
folks new to holistic health. 

I commend and thank our Executive Director, Dr. Emely, 
and the AHVMA staff, Melissa, Anne, and Wendy, for their 
hard work moving the Conference from live to virtual.  
I would also like to thank the Conference Program  
Committee for readjusting to a virtual configuration.  
The virtual Conference was a great success. It was infor- 
mative, fun, and an engaging distraction from our current 
energetic chaos.  

The AHVMA’s other committees—Editorial, Nominating, 
SAHVMA—as well as our AVMA HOD representatives, the 
Board of Directors, and the Council of Elders, are all an 
integral part of our Association and should be well cele-
brated and commended. The Council of Elders members 
are our head to heart spiritual shepherds and a boon of 
clinical and healing knowledge. Members, please look 
into one or all of our committees that interest you and be 
a part of the important inner workings of the Association. 
This benefits our organization and will benefit you, as a 
member and a practitioner, as well. The more involved 
you are with the Association, the more you will see your 
practice evolve and your clinical skills expand. 

I would like to grow our membership and improve our 
connectedness. I intend to support our Association by  
welcoming and accepting those who are (and are not)  
interested in understanding and practicing in a more  
holistic mindset. This shift starts with self-awareness of 
mind, heart, and energetic health and evolves to under-
standing that our veterinary patients will likewise heal 
holistically. Educating students, new graduates, and sea-
soned practitioners alike can broaden the understanding 
and acceptance of holistic modalities. Our organization’s 
impact grows if we help guide others to a holistic approach,  
in addition to continuing our collaboration among existing 
members already engaged in holistic practice. 

Please check the AHVMA website and Facebook page often 
and continue reading your Association's Journal to stay 
informed and involved. It is my assignment this year to  
ensure there are opportunities; it is your journey to ear- 
nestly pursue them. 

I want to thank all of our members. Your support of the 
AHVMA and our medicine is immeasurable. We are the  
largest veterinary group that exemplifies holistic vet- 
erinary medicine in the United States. Through you, 
we enhance our visibility and authority to colleagues. 
Our members have worked long and hard to grow the  
Association and have helped validate our medicine,  
ensuring it is more widely proven and accepted. 

I thank you all for the opportunity to educate, expand,  
and learn. 

"Education in its true sense should be a 
tool to expand human perception and 
consciousness, not produce cogs for the 
larger machine." — SADHGURU

President’s Letter

Colleen Smith, DVM 
AHVMA President 2020-21
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Perspectives

Abstract 
Coronaviruses and other emerging diseases could be 
the seeds of future pandemics. The call for ever more 
vaccines and medications to address these challenges  
remains human-centered and does not support the prem-
ise of One Health. Rather, it underestimates the importance 
of factors that precipitate pandemics, such as accelerating  
climate change, loss of biodiversity, wildlife poaching and 
trafficking, habitat encroachment, the ever-increasing  
human population, and consumption of wild and domesti-
cated animals. Coronavirus disease 2019 (COVID-19) may 
have long term influence on these issues, especially on the 
collective exploitation and consumption of animals that 
can trigger pandemics and other zoonotic diseases. 
 
Introduction
In January 2020, a novel respiratory virus was identified 
as the causative agent of a cluster of pneumonia cases 
first detected in Wuhan city, Wubei Province, China the 
previous December (1, 2). According to the CDC, this new 
coronavirus has been named Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2), and the disease it 
causes has been named by the World Health Organization 
coronavirus disease 2019, abbreviated as COVID-19. 

The SARS-CoV-2 virus is a betacoronavirus, like the Middle 
East Respiratory Syndrome coronavirus (MERS) and the 

Severe Acute Respiratory Syndrome coronavirus (SARS). 
All 3 of these viruses originated in bats, most notably the 
species Rhinolophus affinis (for SARS-CoV-2) (3–6). Bats 
collected for study from their natural habitats north of 
the Wuhan market area of China are now considered to 
be the most likely source, as they share 98.7% genome 
sequence homology with SARS-CoV-2 (6). Researchers  
reported evidence that a small proportion of Malayan  
pangolins (Manis javanica), widely sold in Chinese  
markets, can carry coronaviruses related to the strain  
responsible for the COVID-19 pandemic (7). While a study 
published in March 2020 showed no definitive evidence 
that these coronaviruses are a source for SARS-CoV-2, a 
subsequent publication asserts that bats and pangolins 
are the origins of the COVID-19 pandemic (8, 9). Although 
international commercial trade of all 8 species is strictly 
forbidden, pangolins are believed to be the most trafficked 
mammal in the world (7, 10). 

Some respected scientists question whether the origin of 
COVID-19 could be from an accidental laboratory release, 
as there have been prior accidental releases of corona- 
viruses from laboratories, and there are 2 laboratories 
in Wuhan actively involved in coronavirus research (11). 
This idea was evaluated in a column, published in Nature  
Medicine, which examined the virus’s characteristics, 
the sites that allow it to bind to human cells, and the  

What Coronavirus SARS-CoV-2 and 
COVID-19 Disease Are Telling Us:

A Holistic Veterinary  
and One Health View

By Michael W. Fox, BVetMed, PhD, DSc

Abbreviations
COVID-19      Coronavirus disease 2019
SARS       Severe Acute Respiratory Syndrome 
SARS-CoV-2      Severe Acute Respiratory Syndrome  
  Coronavirus-2

Author Contact:
Email IPAN@erols.com
Website www.drfoxonehealth.com

mailto:IPAN@erols.com
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hypothesis that it could have been engineered by  
humans (12, 13). The authors considered the possibility 
that the outbreak resulted from an inadvertent laboratory 
release of a virus under study, but concluded that “we  
do not believe that any type of laboratory-based scenario  
is plausible” (13).

However, new evidence by Perez and Montagnier in France 
and Sørensen and associates in Norway reexamines the pos-
sibility of accidental or deliberate release from a laboratory 
(14). These investigators independently have shown the 
presence of 12 exogenous informative elements of the HIV 
and simian immunodeficiency viruses as well as the infor-
mative elements of the Plasmodium yoelii parasite used in 
mouse vaccine strategies, in the SARS-CoV-2 genome (14, 
15). This newly identified long region within the SARS-CoV-2 
genome contained 225 nucleotides that were 100% homol-
ogous for all COVID-19 genomes and were completely  
absent in all prior SARS genomes (15).

Bats, a sentinel species of ecosystem health and guardians of 
tropical forests, are the main carriers of viruses implicated 
in human pandemics, such as those caused by coronaviruses, 

filoviruses, paramyxoviruses, and ebolaviruses, although 
they are immune themselves (16, 17). Also immune are 
most indigenous wildlife species, including civets (Civettictis 
civetta),  pangolins, and primates, which have co-evolved and 
co-inhabited their domains for generations of selection and 
survival (17, 18). When humans and domesticated animals 
encroach upon these remaining wildlife domains, they may 
succumb to zoonotic diseases. In the context of bats, this can 
occur when people capture and take away infective bats into 
their own crowded and often unsanitary communities.

The classic consequence of such human encroachment is  
exemplified by African sleeping sickness, caused by a blood- 
borne infection with the protozoan Trypanosoma brucei 
(19). When human communities invaded the domain of 
disease-resistant wildlife and the arthropod vectors, there 
was spillover of T. brucei into millions of people and their 
livestock (20). Public health efforts to eradicate sleeping 
sickness have been unsuccessful in part due to continual 
transmission and identification of T. brucei in additional 
wildlife reservoirs, including bats, supporting the premise 
that continued intermingling of human populations and 
wildlife will exacerbate widespread disease outbreaks 

www.mayway.com


12    AHVMA Journal  •  Volume 61 Winter 2020

(21). Although the spillover of T. brucei from wildlife to  
people had severe and widespread implications among 
African communities, there was no global spread because  
tsetse flies are needed to transmit this disease (22). With 
COVID-19, there is no such intermediary host-vector  
needed, as direct human-to-human transmission is the  
primary route of infection (23).

There will always be calls for government funds to be  
directed toward public health efforts such as vaccinations 
and pharmaceuticals to “protect” the public from new 
emerging diseases like COVID-19 and potential pandemics. 
However, if wildlife poaching, international wildlife trade, 
and illegal trafficking continue along with ever-increasing 
human population growth and inevitable encroachments, 
these government efforts will not be sustainable in com-
bating zoonotic pandemics. In many countries, the immune 
systems of indigenous peoples are challenged by lack of 
sanitation, contaminated drinking water, chronic mal- 
nutrition, tuberculosis, HIV/AIDS, and malaria, suggesting  
potential susceptibility to both infections from wildlife  
and adverse reactions to vaccinations (24–28).

Environmental Factors Increasing Susceptibility 
to Zoonotic Pandemics
Since COVID-19 primarily attacks the lungs, millions of  
people across all socioeconomic classes may be at risk in 
urban communities with high levels of fine particle air pol-
lution (29). According to the US Environmental Protection  
Agency, this pollution causes early death (from both 
short-term and long-term exposure); cardiovascular harm 
(heart attacks, strokes, heart disease, and congestive heart  
failure); respiratory harm (worsened asthma, chronic  
obstructive pulmonary disease, and inflammation); inflam-
matory and degenerative changes in the brain, pancreas, 
and other organs; and may cause cancer and reproductive 
and developmental harm (30).
 
The above associations suggest that poor air quality in urban  
and industrial communities creates ideal conditions for  
COVID-19 spread. Air pollutants absorb and scatter UV rays 
away from the earth’s surface (31). The UV radiation from the 
sun is a primary germicide in the environment and is asso- 
ciated with seasonal increases in vitamin D levels in humans.  
Decreased UV levels are associated with more severe influ-
enza outbreaks and may contribute to seasonal differences, 
increasing the likelihood of influenza pandemics (32–33). 
Consequently, in the author’s opinion, more widespread  
use of UV light-generating devices for the purposes of air  

purification and potential infectious disease reduction is 
long overdue. 

Earlier Pandemics and Epidemics
The Precautionary Principle states, "When human activi-
ties may lead to morally unacceptable harm that is scien-
tifically plausible but uncertain, actions shall be taken to 
avoid or diminish that harm" (34). This principle began to 
take form in the latter part of the last century, but the con-
sequences of human activities have been many centuries in 
the making. The Black Death, also called the Great Plague, 
serves as one of the first indicators of the potential risks 
of unmonitored globalization of trade and commerce.  This 
plague likely originated in Central Asia or East Asia (where 
it continues to be endemic) and traveled along the Silk 
Road, reaching Crimea by the year 1343 (35). From there, 
it was most likely carried by fleas living on black rats that 
traveled on Genoese merchant ships, spreading throughout 
the Mediterranean Basin and reaching the rest of Europe 
via the Italian peninsula (35). Human to human trans- 
mission took place via fleas and lice (36–37). In some com-
munities, there is anecdotal evidence that cats were blamed 
and persecuted, and to this day black cats are still shunned 
by many, considered bad luck, and are stigmatized around 
Halloween (38). This bacterial plague is estimated to have 
killed 30% to 60% of the population of Europe and reduced 
the world population from an estimated 475 million to 
350–375 million in the 14th century (39).
 
The 1918-1919 Spanish flu pandemic, which killed at least 
50 million people worldwide (including many who were 
stressed and malnourished from World War I), was an 
H1N1 influenza virus strain with genes of avian origin 
(40, 41). The swine influenza pandemic of 2009 originated 
in Mexico and killed close to a quarter of a million people 
worldwide (40, 42). This virus was a new strain of H1N1,  
resulting from a previous triple reassortment of bird, 
swine, and human flu viruses further combined with a  
Eurasian pig flu virus, leading to the term swine flu (42). 
This is now a regularly circulating seasonal human flu  
virus worldwide (42). 

Avian influenza A (H5N1) viruses are endemic in poul-
try in parts of the world and are infecting people sporad- 
ically, often with deadly results (43). In February 1957, a new 
influenza A (H2N2) virus emerged in East Asia, triggering 
a pandemic Asian flu (44). The estimated number of deaths 
from H2N2 was 1.1 million worldwide and 116,000 in the 
United States (45). This virus was a reassortant (mixed species)  
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strain, originating from strains of avian and human influ- 
enza viruses (42). It circulated until 1968 when it was  
replaced by the H3N2 influenza virus (42). When compared 
to these influenza outbreaks, COVID-19 is causing higher 
mortalities, given a larger world population and worsen-
ing particulate air pollution and electrosmog (the electro-
magnetic radiation emitted by computers and cell phones) 
and may similarly circulate in the human population in the 
years to come. This prediction could especially hold true 
if preventive measures are ignored and reliance on post-
pandemic vaccines rushed to market is continued (46).

According to the World Health Organization, the corona- 
virus responsible for SARS has reappeared 4 times, with 3 
of the 4 originating from laboratory accidents in Singapore 
and Chinese Taipei (11). Researchers from the University 
of Hong Kong examined 25 animals representing 8 species 
in a live animal market in southern China and found the  
virus in all 6 masked palm civets they sampled, as well 
as in a badger and a raccoon dog (47, 48). A study from  
Guangdong Province in southern China, where the SARS 
outbreak first emerged in November 2002, indicated that 
more than 30% of the early SARS cases there occurred 
in food handlers (48). This SARS epidemic infected more  
than 8,000 people in 26 countries and killed at least 689, 
the vast majority in China and Hong Kong (49). Chinese  
authorities subsequently ordered the deaths of some 
10,000 civet cats by drowning and electrocution in January  
2004, when they were identified as the primary source  
of SARS (50). The precursor virus is present in wild  
Rhinolophus bats (51). Civet cats and other small mammals 
sold as delicacies in wet markets provided a reservoir and 
amplifier for the virus and the potential opportunity for its 
adaptation to humans (50).

Banning Wildlife Alive and Dead  
in Food Markets
Amid speculation that a novel coronavirus had spread 
from bats to an intermediary species and then to people 
at a meat market, on February 24, 2020, China officially 
and permanently banned the trade and consumption of 
wildlife, but not dogs and cats (51). Since there is still a 
demand for wild meat, enforcement of any ban will be dif-
ficult, according to wildlife-policy researcher Zhao-Min 
Zhou; this is further complicated by legislative loopholes 
in renaming of species, so that traded species may not be 
covered under the ban (52). In the author’s opinion, such 
a permanent ban is therefore unlikely to be effectively 
enforced, considering the money, power, and influence of 

international cartels involved in wildlife and other illegal 
trafficking activities. 

Farmed Animals and Public Health:  
Zoonotic Diseases
The CDC states, “Zoonotic diseases are very common, both 
in the United States and around the world. Scientists es-
timate that more than 6 out of every 10 known infectious 
diseases in people can be spread from animals, and 3 out 
of every 4 new or emerging infectious diseases in people 
come from animals" (53).
 
Viruses can spread zoonotically through farmed animal 
systems. The number of live pigs, goats, cows, and sheep 
transported worldwide in 2017 was 30% higher than in 
2007, according to the Food and Agriculture Organization 
(54, 55). Pandemics of swine and avian influenza generally 
originate from live markets, which many of these animals 
pass through, as well as from animal slaughtering in rural 
and peri-urban poor communities (56). One previous study 
suggests that keeping chickens outside of cages and mixing  
breeds contributes to the spread of influenza strains at live 
markets (57). In the author’s opinion, this spread could 
also be due in part to the unavailability of centralized  
processing and cold storage facilities and from workers  
exposed to infected animals inside the wet markets. 
 
As a One Health-advocating veterinarian, this author  
appeals to all consumers and governments to consider 
the impossibility of preventing such pandemics and other  
animal-foodborne epidemics and regional outbreaks of dis-
ease because of the enormous scale of factory farm animal 
production systems—billions of poultry and pigs world-
wide that are the primary source of various strains of  
influenza virus and antibiotic-resistant strains of bacteria.

The spread of infectious diseases in farmed animals  
extends beyond influenza and SARS-CoV-2. Richer commu-
nities and countries like the United States, where pork and 
poultry products are dietary staples, pay the environmen-
tal and public health costs of many other zoonotic diseases 
stemming from antibiotic-resistant bacteria. According to 
the CDC report Antibiotic Resistance: Threats in the United 
States 2019, more than 2.8 million antibiotic-resistant  
infections occur in the United States each year, and more 
than 35,000 people die as a result (58). These and other 
infectious disease concerns in poultry lead to practices in 
the United States in which carcasses are washed in a dilute 
bleach and chlorine antimicrobial solution prior to storage 
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in a cold facility (59, 60). Due to these ongoing concerns, the 
United Kingdom has refused to accept America’s chlorine-
treated chicken under current trade negotiations (60).

Susceptibility of Domesticated Species  
to SARS-CoV-2
Chinese scientists investigated the susceptibility of ferrets 
and other species that have close contact with humans to 
SARS-CoV-2, including cats, dogs, pigs, chickens, and ducks 
(61). Laboratory exposure tests showed that SARS-CoV-2 
replicates poorly in dogs, pigs, chickens, and ducks, but 
ferrets, Syrian hamsters, mink, and cats are susceptible to 
infection (61, 62). Ferrets develop mild upper respiratory 
infections with lethargy and inappetence from which they 
are likely to recover (62). Cats are susceptible to airborne 
infection and can infect each other, with extensive lung 
damage evident in young cats (61, 62). It has since been  
determined that cats with COVID-19 cannot infect people, 
but in the author’s opinion, these findings suggest that  
domestic cats should be tested and monitored for signs of 
respiratory illness if exposed to infected people (62, 63). 
In view of these findings, the sale of civet cats, which are  
related to mongooses and not domestic cats, in Chinese 
markets should be prohibited (63).

Protecting Wildlife from Cruel Exploitation
There are degrees of inhumanity and cruel treatment of 
animals for which we unwittingly pay the price. Civet cats, 
known carriers of coronaviruses, routinely have their 
anal glands scraped out to harvest musk for the perfume 
industry in Ethiopia (64, 65). In Indonesia, these ani-
mals are fed coffee beans which are then collected from 
the feces and sold as gourmet fermented beans called 
Kopi luwak (65). In the author’s opinion, such practices  
reflect the depravity that surfaces where a lack of empa-
thy is combined with the lure of money. This is exemplified  
especially by China’s bear-bile farms, where confined bears 
have abdominal cannulas collecting their bile, to be sold as 
medicine (66). One of the alleged cures from traditional 
Chinese medicine that the government recommends for 
treating severe and critical cases of COVID-19 is an injection  
of Tan Re Qing, which contains bear bile, and has been  
previously examined for its anti-inflammatory properties 
in patients diagnosed with acute lung injuries (67, 68). 

Conclusions
International trade in wild and domesticated animals, dead 
or alive, for human consumption should be curtailed as a 
public health service, for national security and for animal 
health and welfare. National farmed-animal production and 
trade should be tempered in order to reduce the industry’s  

contributions to climate and extinction crises, public 
health declines, and rural poverty, where small, sustain-
able producers may be marginalized and veterinary ser-
vices directed towards larger commercial operations. It is 
speciesism to claim that animals were created for our own 
use and that we can therefore kill, consume, and otherwise 
exploit them as our needs and wants dictate.

Hopefully, this global health crisis is catalyzing inter- 
national collaboration in prevention and treatment. We 
may yet see the emergence of a “United Environmental  
Nations” that unshackles public health from politics,  
nationalism, isolationism, and prioritization of the 
economy over the health and security of the people, and 
that links public health with environmental and animal  
health. Above all, humans should keep out of wildlife 
habitat where diseases emerge to which they have no 
immunity. Consumers in industrial countries should 
support producers of organically certified foods and 
should sustain a healthful diet, with limited and con-
sidered consumption of eggs, dairy, meat, and seafoods. 

The British Veterinary Association’s initiative promoting 
the benefits of sustainable consumption of farmed animal 
products in order to help reduce climate change is also  
applicable to reducing zoonotic diseases, as it embraces the 
concept of  less and better farmed animal produce for animal 
welfare, One Health, and sustainability reasons. “Eating less 
and better sees some citizens reduce consumption of animal 
derived products, while maintaining proportional spending 
on high animal health and welfare products" (69).

Continuing to consume animals as a basic food source, mar-
keting more vaccines, and having unchecked population 
growth, the rich and poor alike will be subject to the indis-
criminate justice of natural law until we all abide in greater 
harmony with other species as well as with each other. We 
will then need fewer guns, chemicals, and other bioweap-
ons when our appetites and numbers are under more ef-
fective self-control. Alternatively, with deteriorating natu-
ral controls of health-sustaining biodiversity, plagues and 
pestilences of biblical proportions will be the legacy of our 
collective failure in planetary stewardship that surviving 
generations will inherit. Albert Schweitzer, MD, summed it 
up with prescience decades ago when he opined, “We must 
fight against the spirit of unconscious cruelty with which 
we treat the animals. Animals suffer as much as we do. True 
humanity does not allow us to impose such sufferings on 
them. It is our duty to make the whole world recognize it. 
Until we extend our circle of compassion to all living things, 
humanity will not find peace" (70).
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Scientific Review

Abstract 
This article is intended to provide the veterinary commu-
nity with a concise, understandable, and clinically relevant  
review of cannabis medicine in companion animals.  
Included are descriptions of the structure and function of 
the endocannabinoid system (ECS), outlines of the pharma- 
cologic effects of biologically active compounds produced 
by the cannabis plant (phytocannabinoids, terpenoids, 

flavonoids), potential clinical uses and toxicities, rele-
vant legal updates, and an overview of the most relevant  
veterinary research. 

The ECS is a complex neuromodulatory signaling system 
that regulates multiple systems throughout the body 
and is often up-regulated or down-regulated in times of  
disease. Many cannabis-derived molecules have been 

Cannabis in Veterinary Medicine:  
A Critical Review

Trina Hazzah, DVM, Casara Andre, DVM, Gary Richter, DVM,  
Stephanie McGrath, DVM, MS

Abbreviations
AEA  Anandamide or    
  N-arachidonoylethanolamide
AUC  Area under the curve
CB1  Cannabinoid type 1 receptor 
CB2  Cannabinoid type 2 receptor 
CBC  Cannabichromene
CBD  Cannabidiol
CBDA  Cannabidiolic acid
CBDV  Cannabidivarin
CBG  Cannabigerol
CBN  Cannabinol
CBR  Cannabinoid receptor
Cmax  Maximum concentration
CoA	 	 Certificate	of	analysis
COX-2  Cyclooxygenase-2
CYP  Cytochrome P450
DDI  Drug-drug interaction

Author Contacts:
Trina Hazzah, DVM
Veterinary Cannabis Society
Los Angeles, CA 90066 
Email: drtrinahazzah@gmail.com 

Casara Andre, DVM
Veterinary Cannabis Education and Consulting 
10474 West 39th Ave.
Wheat Ridge, CO 80033
Email: reception.desk@veterinarycannabis.org 

Gary Richter, DVM
Veterinary Cannabis Society
Oakland, CA 94611
Email: garyrichterdvm@gmail.com

Stephanie McGrath, DVM, MS
Department of Clinical Sciences
College of Veterinary Medicine and Biomedical Sciences
Colorado State University
Fort Collins, CO 80523
Email: stephanie.mcgrath@colostate.edu

eCB  Endocannabinoid
ECS  Endocannabinoid system
FABP  Fatty acid–binding protein
GPCR  G protein–coupled receptor
MCT  Medium-chain triglyceride
OA  Osteoarthritis
PD  Pharmacodynamics
PK  Pharmacokinetics
PPAR  Peroxisome proliferator-activated   
  receptor
THC   Delta-9-tetrahydrocannabinol
THCA  Tetrahydrocannabinolic acid
THCV  Tetrahydrocannabivarin
Tmax  Time to maximum concentration
TRPV  Transient receptor potential vanilloid
2-AG  2-arachidonoylglycerol



18    AHVMA Journal  •  Volume 61 Winter 2020

shown to have multiple therapeutic benefits, including  
anti-inflammatory, analgesic, antineoplastic, anxiolytic,  
and anticonvulsant properties, through a variety of mech-
anisms. Although some of the naturally occurring com-
pounds produced by the cannabis plant work in concert 
with the ECS, others have a unique pharmacology that pro-
duces important physiologic effects via ECS-independent  
mechanisms. Cannabis science is still in its infancy, 
and the research up to this point has centered around 
cannabidiol (CBD) or delta-9-tetrahydrocannabinol  
(THC). It is essential for veterinary practitioners to  
understand that the cannabis plant does not consist of 
a single therapeutic agent but rather a heterogeneous 
blend of a multitude of compounds. 

Introduction
Today’s intense interest in the benefits of cannabis is 
not a new phenomenon. Humans have been cultivating 
cannabis for more than 5000 years for a variety of uses,  
including, paper, fiber, clothing, and medicine. Long val-
ued for its use in industry and ancient medicine practices, 
the therapeutic applications of the medicinal compounds 
produced by this plant have received increased atten-
tion in conventional medicine over recent years (1). The  
human cannabis market (both hemp and marijuana) has 
experienced dramatic growth, and projections estimate 
the industry will continue this impressive expansion, 
from roughly $12.581 billion in 2018 to a projected mar-
ket of $36.903 billion by 2024 (2). 

Animal caregivers are interested in, and are already  
exploring, the therapeutic potential of cannabis-derived 
products for their animals. As they do this, they are looking  
to veterinarians for guidance on the safety, efficacy, and 
clinical applications of these products (3). Additionally, 
the increase in access to cannabis products across the 
United States has resulted in a rise in both intentional 
and accidental exposure to animals in households with 
human cannabis consumers due to increased risk of  
unintended exposure and potential intoxication (4). In 
order to educate clients and effectively advocate for the 
safety of our patients, veterinarians must strive to remain  
informed about the potential risks and benefits of canna- 
bis use in a clinical context. Although research into the 
use of cannabis for companion animals is in the early 
stages, safeguarding the welfare of patients necessitates 
an understanding of currently available research and  
advocating for continued scientific study. 

Fundamental Terminology:
Cannabis
The taxonomical debate on the classification of Cannabis  
spp. has been lengthy and complicated and is often a 
point of confusion for many. Cannabis sativa L. is defined 
by most expert botanists as a single species having sub- 
species or varieties. These varieties include indica, sativa,  
and ruderalis. Inbreeding has led to many hybrid  
cultivars. A cultivar, or cultivated variety, is defined as  
a plant that has been created or intentionally selec-
tively bred with general characteristics maintained 
through cultivation. The lay community often uses terms 
such as strain, breed, and type to refer to different culti-
vars. The various cultivar varieties are phenotypically  
different plants; however, physical characteristics do  
not consistently correlate with chemical constituents.  
Cultivars are typically given names, sometimes based on 
arbitrary creativity or their appearance, smell, and physio- 
logical effects. New genotypes created through cross- 
breeding produce a unique spectrum of medicinal molecules  
(5–7). The word chemovar, on the other hand, is distin-
guished through a biochemical approach, with an emphasis  
placed on a specific molecular profile (ie, cannabinoids, 
terpenes, and other compounds within the plant). Varie-
ties and cultivars often refer to the phenotypic expression, 
whereas chemovar refers to the chemical expression.

Although the colloquial terminology used by the consumer  
marketplace frequently requires clarification, the term 
cannabis may be used as a scientifically appropriate term 
for any plant within the Cannabis genus, regardless of sub-
type or variety. 

Beyond its biological taxonomy, Cannabis spp. are divided 
into 2 subtypes based on the plant’s intended use and legal 
classification. The first of these 2 recognized subtypes is 
known as “industrial hemp,” “hemp,” or “low-THC (delta-
9-tetrahydrocannabinol) cannabis.” The current legal 
landscape allows products that have been formulated 
from the hemp subtype to be easily obtained by animal 
caregivers through over-the-counter purchases, such as 
from retail outlets and online marketplaces. The second 
subtype is commonly described as “high-THC cannabis” 
or “marijuana.” It should be noted that the term marijuana 
is a description of cannabis when used as a recreational 
product. From a scientific and medical perspective, the use 
of the term high-THC cannabis is preferred. 

https://www.biology-online.org/dictionary/Cultivar
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Low-THC Cannabis/Hemp: Industrial  
and Medical Uses
Historically, products derived from hemp varieties of 
cannabis were intended for industrial purposes, and  
plants were highly valued for their fiber and nutritional 
content rather than their production of medicinal com-
pounds. As a consequence of intentional breeding for  
fiber and seeds, hemp plants traditionally produced low 
quantities of the psychoactive molecule THC as well as 
many other medicinal compounds. Medical products  
made from such hemp plants contain a limited number of 
cannabinoids such as THC and may include chemical con-
taminants such as heavy metals due to the inherent accu-
mulative nature of the hemp plant.

In today’s cannabis market, however, growers are able 
to produce hemp plants that are better suited to medical 
uses than their predecessors. These medicinal-use hemp 
plants have traded their lengthy fibrous stalks for robust  
flowering and resin production. They are pheno- 
typically similar to non-hemp cannabis plants and are 
able to produce copious amounts of medicinally valuable  

compounds. Careful farming practices can also ensure  
that hemp intended for medical use is free of chemical resi-
dues and other contaminants. Medical practitioners should 
be aware of the distinction between medicinal-use hemp 
and industrial-use hemp because differences in growing  
practices, plant quality, and extraction techniques can  
affect the quality of the end product and its clinical safety  
as well as efficacy (8). 

Regardless of the intended use or even the specific chemo-
type, cannabis containing less than or equal to 0.3% THC 
by dry weight at the time of harvest is legally classified 
as hemp in the United States. Although the medical com-
munity finds value in distinguishing between medicinal- 
and industrial-use plants, the term industrial hemp is fre- 
quently used by nonmedical industries as a catch-all to  
include all hemp plants, regardless of their intended end use.

High-THC Cannabis/Marijuana: Recreational  
and Medical Uses
According to US federal law, any cannabis plant con-
taining more than 0.3% THC by dry weight at the time 

www.natoph.com
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of harvest is classified as marijuana. Current legal  
policies restrict access to products that have been pro-
duced from marijuana plants, and these products are 
only sold through licensed cannabis dispensaries as per-
mitted by state-specific legislation. The term marijuana, 
as used by the US federal government, frequently denotes 
all non-hemp cannabis varieties as illicit drugs with no  
medicinal value. As described throughout this article, there 
are significant medical uses for both low-THC and high-THC 
cannabis varieties. Thus, the term high-THC cannabis is 
more medically appropriate than the term marijuana.

Modern-day, high-THC cannabis grown for the med- 
ical and recreational markets typically has much higher 
levels of THC than what is found in uncultivated plants 
(1). Consequently, extracts or products formulated from 
these plants frequently contain equally high or higher 
levels of THC. Although cannabis and their extracts with 
very high THC levels have medical application in specific 
circumstances, these products require particular caution 
by the end user because the THC molecule has a robust 
psychoactive effect within the nervous system. 

The predominance of the veterinary cannabis market 
is currently contained within the hemp (low-THC) cate- 
gory; however, veterinary patients are frequently exposed  
to high-THC products (3). In the authors’ clinical expe-
rience, animal caregivers who use cannabis products 
(medical or recreational) themselves are more likely to 
be interested in, or have already experimented with, the 
use of high-THC-derived products for their animals. In 
addition, with intentional administration of these prod-
ucts to animals, human cannabis users must also be edu-
cated in harm reduction strategies to prevent accidental 
animal exposure and unintended intoxication.

The Endocannabinoid System
The endocannabinoid system (ECS) is a complex, widely 
distributed regulatory system that provides essential 
mechanisms for maintaining the biologic balance and 
feedback throughout the body. This essential neuro- 
modulatory network has been identified in a multitude  
of species. From humans to birds to canines, the ECS 
plays an essential role in health and homeostasis (9). 

The functions of the ECS have been characterized as  
“relax, eat, sleep, forget, and protect” (10). As both the 
medical and scientific communities mature in their  

understanding of the ECS, this system is being recog-
nized for its importance in maintaining holistic health. 
The regulatory functions of the ECS are essential in the 
integration and modulation of complex and diverse body 
functions, such as appetite and digestion, energy bal-
ance, sleep patterns, immune status and inflammation, 
and emotional responses (10). The scientific and medical 
communities’ deepening understanding of the ECS not 
only improves our understanding of the mechanisms of 
existing medical modalities and their impact on the ECS 
but also offers an interesting array of novel therapeutic 
targets and unique medical solutions. 

The classic ECS can be conceptualized as 3 distinct com-
ponents: cannabinoid receptors (CBRs), endogenous  
ligands of CBRs known as endocannabinoids (eCBs), and 
enzymes responsible for the activation, transportation, 
and breakdown of eCBs.

CBRs
CBRs are located throughout the mammalian body. 
Their widespread distribution and facilitation of intri- 
cate, intersystem communication provide the body  
with a fine-tuned biologic balancing system. The 2 CBRs 
currently recognized are cannabinoid type 1 (CB1)  
receptor and cannabinoid type 2 (CB2) receptor. CBRs 
belong to the class of G protein–coupled receptors  
(GPCRs) and have been identified as the most abundant 
GPCR-type receptor throughout the mammalian body 
(11, 12). Although these 2 receptors share a signifi-
cant degree of similarity in their genetic sequence, the  
effects mediated throughout the body are distinct (7). 
As an additional layer of complexity, the CB2 recep-
tor demonstrates different pharmacologic responses  
between species and different responses even within 
specific organ systems (13). 

The CB1 receptor is distributed throughout the nervous 
system, including peripheral, spinal, and supraspinal sites. 
This receptor is strategically located with various den- 
sities based on region, cell type, and specific neurotrans-
mitter category (14). CB1 receptors have also been identi-
fied within the cardiovascular, immune, gastrointestinal, 
and reproductive tissues but with far less density than 
within the nervous system (12). Due to its distribution, the 
CB1 receptor is responsible for multiple physiologic func-
tions, such as pain modulation, movement, appetite, nau-
sea, memory processing, and temperature regulation (11). 
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Through modulation of neurotransmission, CB1 recep-
tors play a role in down-regulating the release of mul-
tiple neurotransmitters, such as glutamate and GABA, 
and act to maintain physiologic balance through several  
pathways, such as the inhibition of adenylyl cyclase, 
stimulation of mitogen-activated protein kinase (MAPK) 
cascades, modulation of ion channels, and intracellular 
calcium mobilization (11, 15). In addition, CB1 receptors 
appear to demonstrate constitutive activity, which pro-
vides a basal sympathetic tone even in the absence of an 
exogenous ligand (15). 

The CB2 subset of CBRs are concentrated within the tis-
sues of the immune system, with the highest density 
found in B lymphocytes, natural killer cells, macrophages, 
T lymphocytes, and the spleen (13, 16). Additionally, CB2 
receptors can be found throughout peripheral organ  
tissues, such as the lungs, skin, bones, and gastrointes-
tinal tract, as well as in the supportive cells of the nervous 
system, such as microglia and a small subset of neu- 
rons (13, 14). The numbers of CB2 receptors expressed 
in these tissues appear to be intimately influenced by the 
inflammatory process and the state of that cell’s activ-
ity (14). The CB2 receptors appear to mediate the ECS’s 
regulation of local immune and inflammatory reactions 
throughout the body (16). In contrast to normal, healthy 
tissues, the CB2 receptor may be up-regulated by 100-fold 
in areas of inflammation and injury (17). CB2 receptor  
activity modulates important regulatory functions in  
immune cell activation, inflammatory response, pain 
modulation, neuroprotection, and bone density (13). 

The receptor-mediated effects of both CB1 and CB2 can be 
triggered by the binding of either endogenous (eCBs) or 
exogenous (select phytocannabinoids, terpenoids, and syn-
thetic cannabinoids) ligands. Ligand binding at both CB1 
and CB2 receptors initiates and modulates multiple cel-
lular signaling pathways. 

The wide and sometimes contradictory array of effects 
mediated by endogenous and exogenous cannabinoids 
may not be completely explained by these 2 CBRs only. 
This suggests the existence of a larger network of other  
receptors within the ECS and/or complex interactions 
of the ECS with non-ECS receptors and ligands (18). The  
intricate network of inter- and intra-ECS interactions and 
effects is now often referred to as the endocannabinoidome 
(19, 20).

As the study of the endocannabinoidome develops,  
multiple receptors and ligands outside of the classic ECS 
demonstrate important and complex interactions with the 
classical components. Although a complete review of these 
nonclassical or atypical receptors is beyond the scope of 
this review, the more well-defined atypical receptors are 
briefly described below.

GPR55 receptors are widely expressed throughout the 
body, particularly within the nervous system, and can 
be CB2 receptor dependent or independent to regulate  
immune cell migration. They may also be involved in sen-
sory transmission, regulation of bone physiology, analgesia, 
energy regulation, neuroprotection, calcium modulation, 
and seizure regulation (18–20).

GPR18 receptors are expressed in the cerebellum, spinal 
cord, small intestine, immune system, lungs, and repro-
ductive tissue. These receptors may play an important role 
in microglial activation in response to neuronal injury and 
provide neuroprotective effects (18–20).

GPR119 receptors have a more limited distribution and 
have been identified on pancreatic and gastrointestinal 
tissue and may have effects on multiple physiological pro-
cesses, including energy regulation, glucose homeostasis, 
and appetite control (18–20).

Transient receptor potential vanilloids (TRPVs) are pres-
ent within the CNS and on peripheral sensory neurons. 
These receptors may reduce nociception by modifying 
pain pathways (18–20).

Peroxisome proliferator-activated receptors (PPARs) 
are unique from other receptors interacting with the  
ECS because they are located within the cell nucleus and 
serve to direct or modify gene transcription (18–20). 

eCBs and Enzymes
The term cannabinoid encompasses all chemical sub-
stances that act as ligands of the CBRs, specifically CB1 
and CB2 (19). Included in this definition are the endog- 
enous ligands of the CBRs, including the eCBs. In  
contrast, molecules that have activity at these CBRs but  
are synthesized outside of the body are known as  
exogenous cannabinoids. Examples of exogenous canna-
binoids include plant-derived cannabinoids such as THC 
and synthetic cannabinoids.



22    AHVMA Journal  •  Volume 61 Winter 2020

The 2 eCBs that have been well characterized are  
N-arachidonoylethanolamide, referred to as anandamide 
or AEA, and 2-arachidonoylglycerol (2-AG). eCBs are  
derived from inactive precursors and are particularly 
generated in times of stress, disease, or injury (20).  
Unlike traditional neurotransmitters, such as glutamate 
and GABA, which are preformed and stored in intra- 
cellular vesicles until needed, eCBs are created on de-
mand from inactive phospholipid precursors embedded 
in the cell membrane. Also importantly, most neurotrans- 
mitters are water-soluble and require transmembrane 
proteins to transport them across the cell membrane. In 
contrast, the eCBs (AEA and 2-AG) are uncharged lipid mol-
ecules that readily diffuse across the cellular membranes.

Due to their hydrophobic nature, eCBs cannot travel very 
far in aqueous mediums without the aid of a transporter. 
Fatty acid–binding proteins (FABPs) are responsible for 
the transportation of eCBs through the aqueous cyto-
plasm to undergo rapid deactivation. AEA is hydrolyzed 
by fatty acid amide hydrolase (FAAH) into arachidonic 
acid (AA) and ethanolamine. 2-AG is hydrolyzed by mono- 
acylglycerol lipase (MAGL) into AA and glycerol (15, 19, 20).  
Additionally, cyclooxygenase-2 (COX-2) metabolizes both 
AEA and 2-AG (21).

Within the nervous system, eCBs mediate retrograde 
signaling between pre- and postsynaptic neurons. After 
activation from the postsynaptic neuron in response to 
depolarization, eCBs are released and travel in a retro-
grade manner across the synaptic cleft and bind to the 
CB1 receptors abundantly expressed on the presynaptic 
terminal. This transsynaptic gap communication between 
pre- and postsynaptic neurons provides a mechanism by 
which neurons are able to regulate their own stimulation 
or inhibition. Mediated by the control of eCB synthesis  
(in response to neuronal stimulation), the local action  
(retrograde movement across the synaptic gap), and the 
rapid degradation (temporal control) of ECBs, the ECS 
provides the nervous system with a fine-tuned regulatory 
mechanism (19, 22).

Apart from the classic eCBs (AEA and 2-AG), multiple 
other molecules are under consideration for inclusion in 
this group of compounds. These presumptive eCBs have 
low binding affinity at the primary CBRs but frequently 
demonstrate strong binding affinity to the atypical eCB 
receptors. The non-classic eCBs currently identified  

include N-arachidonoyl dopamine, virodhamine (a pre-
cursor to AEA), and 2-AG (noladin ether) (22).

The effects of both endogenous and exogenous cannabinoids 
will vary depending on the “ECS tone” of the individual pa-
tient. ECS tone is determined by the levels of endogenous 
cannabinoids (eCBs) and the presence and density of CBRs 
(23). The tone of the ECS is therefore subject to anything 
that changes any of these factors, such as genetic or congen-
ital influences, or that can be acquired secondary to inflam-
matory conditions, increased levels of circulating catechol-
amines, increased sympathetic tone, and alterations in neu-
rotransmitter production and release. eCB deficiency with 
resultant reduction in baseline ECS tone has been linked to 
a variety of chronic diseases in humans, such as fibromyal-
gia, migraines, and irritable bowel syndrome (23).

The Cannabis sativa Plant
With more than 750 bioactive compounds, the cannabis 
plant is chemically diverse with numerous constituents,  
including phytocannabinoids, terpenoids, flavonoids, carbo- 
hydrates, fatty acids and their esters, amides, amines,  
phytosterols, and phenolic compounds (24). To under- 
stand whole-plant medicine is to appreciate the phenom-
enon of the interactions that can occur between these mol-
ecules within biological systems. These complex molecular 
interactions are referred to as the “entourage effect,” a term 
that more recently has been used to describe the thera- 
peutic potential of the interactions between the plant’s  
individual compounds to provide powerful medicinal ben-
efits. This term, however, was first introduced by Professor  
Raphael Mechoulam referring to the ECS and how the “in-
active” metabolites markedly increase the activity of the  
primary endogenous cannabinoids, AEA and 2-AG. 

Plants within the genus Cannabis are considered poly- 
pharmaceuticals, full of hundreds of compounds, some of 
which are synergistic or additive with one another and  
others with an opposing effect. In some cases, the result  
is an increased therapeutic benefit compared to any  
single compound. Use of the entourage effect should be an 
important clinical consideration until the medical com-
munity truly understands the exact combinations and 
concentrations of individual compounds required to treat 
specific diseases. The first step in understanding this  
clinical application of whole-plant medicine is to under-
stand the 3 classes of medicinal compounds found within 
the cannabis plant.

https://en.wikipedia.org/wiki/Neurotransmitter
https://en.wikipedia.org/wiki/Neurotransmitter
https://en.wikipedia.org/wiki/Transmembrane_protein
https://en.wikipedia.org/wiki/Transmembrane_protein
https://en.wikipedia.org/wiki/Cell_membrane
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Phytocannabinoids
Phytocannabinoids are exclusively produced in the canna- 
bis plant and consist of more than 150 naturally occur-
ring compounds, some that bind to the eCB receptors with 
various affinities (25). Within the plant, cannabinoids are 
predominantly present in the form of their acidic precur-
sors as carboxylic acids. For example, THC and canna-
bidiol (CBD) are present within the plant as tetrahydro-
cannabinolic acid (THCA) and cannabidiolic acid (CBDA), 
respectively. Under the influence of heat, light, and time, 
these acidic precursors are converted into their neutral, 
more stable forms by the removal of a carboxyl group and  
release CO2, known as the process of decarboxylation (26). 

The major phytocannabinoids, THC and CBD, are the most 
well studied and well known. Interestingly, these phy-
tocannabinoids are chemical isomers, but their atomic  
arrangements differ. Despite the slight variance in molecu-
lar structure, the physiologic effects of both compounds 
vary greatly. For example, both CBD and THC bind to recep-
tors in the brain and impact factors such as sleep, mood, and 
anxiety, but only THC produces the intoxicating effects that 
have been associated with high-THC plant varieties. 

Although THC and CBD may be the most well-known phy-
tocannabinoids, the cannabis plant produces many others. 
Below is a summary of the mechanisms of action of the 
most commonly studied major and minor cannabinoids. 

THC: THC is a partial agonist at both CB1 and CB2 and is 
largely responsible for the intoxicating effects noted with 
cannabis use. Some potential therapeutic effects of THC  
include analgesia, muscle relaxation, and antiemetic and  
anticonvulsant properties (25). Additionally, THC has  
immunomodulatory and anti-inflammatory properties that 
are produced partly through the activation of the CB2 recep-
tor. THC has been shown to have greater anti-inflammatory 
activity when compared to both aspirin and hydrocortisone 
(27).  Other medical benefits of THC include bronchodilation,  
gastrointestinal support (including in inflammatory bowel  
disease), reduced intraocular pressure, antineoplastic  
effect, neuroprotective activity, and sleep support (28–34).

CBD: Unlike THC, CBD does not have any inherent intoxi-
cating effects. However, one of the common CBD myths is 
that this molecule is not psychoactive. The CBD molecule 
is able to achieve changes in brain function and results in 
clinically detectable alterations in perception, mood, and 

consciousness, and consequently, it is frequently used 
as a psychoactive compound with anxiolytic and anti- 
depressant effects. CBD has also demonstrated the abil-
ity to reduce the negative effects noted secondary to THC  
(ie, psychotoxicity, paranoia, and tachycardia). These mod-
ulatory effects likely occur via multiple mechanisms, such 
as negative allosteric modulation of eCB receptors, compet-
itive inhibition of the cytochrome P450 enzyme complex, 
and competition for FABPs (35, 36). CBD, when coadmin- 
istered orally with THC, inhibits cytochrome P450 and 
slows the metabolism of THC to its more psychoactive  
metabolite, 11-hydroxy-Δ9-THC (36). 

CBD influences the availability and activity of eCBs, 
particularly AEA, by binding to FABP and reducing the  
degradation of AEA by FAAH in rodent models. This  
allows the body to be exposed to AEA over prolonged  
periods of time and may explain, in part, the action of 
CBD in modulating the eCB tone (37). 

CBD is currently considered a partial agonist at CB2 and an 
antagonist at CB1 with low binding affinity at the ortho-
static site of the CB1 receptor (25). However, these mecha-
nisms were observed at concentrations that are likely not 
physiologically relevant and are, consequently, difficult  
to extrapolate to clinical applications. As of 2019, the  
specific mechanisms of action for these biological effects 
remained unclear. There are at least 65 molecular targets 
for CBD, its activity is multimodal, and the majority of 
functional targets are non-CBR dependent (38). 

CBD molecules work on numerous other receptor sys-
tems throughout the body, such as TRPVs; nuclear recep-
tor PPARs; GPCRs 55, 18, and adenosine A2A receptor; 
and 5-HT1A (serotonin) receptors (39). Due to its pro-
miscuous binding activity, CBD has proven to be an ex-
tremely diverse and active pharmacological compound. 
The CBD molecule has demonstrated multiple therapeutic  
applications and properties, such as analgesia, antioxidant, 
anti-inflammatory, antiemetic, antidiabetic, antineo- 
plastic, anxiolytic, cardioprotective, and bone strength-
ening (32, 40–46). CBD has been found to be more 
protective against glutamate neurotoxicity than  
either ascorbate or α-tocopherol, indicating that it is a  
potent antioxidant (47). This molecule has received  
significant scientific interest as an anticonvulsant agent, 
and in 2018, for the first time, the FDA approved a  
cannabis-based CBD pharmaceutical (a) (48, 49). 
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Cannabigerol: Cannabigerol (CBG) (when in its acid form) 
is considered to be the parent molecule of the major- 
ity of phytocannabinoids. It is non-psychotropic and a  
weak partial agonist at CB2 and possibly at CB1 (50). With 
prolonged stimulation, it can desensitize TRPV type 1 
(TRPV1), and it is also considered a potent inhibitor of tran-
sient receptor potential melastatin 8 (TRPM8), making it a 
potential therapeutic tool for multiple different cancers as 
well as other disease processes (51). It has analgesic and 
anti-inflammatory effects via multiple mechanisms such 
as activation of PPARγ, reducing proinflammatory cyto-
kines such as interleukin-1β (IL-1β), tumor necrosis factor  
α (TNF-α), and interferon-γ (IFN-γ), and is a potent  
α-2 adrenoreceptor agonist (52, 53). CBG produces muscle 
relaxation through GABA reuptake inhibition at a greater  
level than CBD or THC (54). Finally, CBG has modest  
antifungal action but is a powerful antibacterial agent 
against methicillin-resistant Staphylococcus aureus 
(MRSA) (55). CBG is typically found in relatively low con-
centrations in most cannabis plants, but recent and more 
advanced breeding work has yielded cannabis chemovars 
with high CBG potencies. 

Cannabichromene: Cannabichromene (CBC) is a non-
psychotropic cannabinoid with inflammation modulatory 
properties through selective binding at the CB2 recep-
tors and its ability to bind with transient receptor poten-
tial channels of both TRPV1 and ankyrin type-1 receptor 
(TRPA1). These modulatory effects were augmented when 
CBC and THC were coadministered (40, 56, 57). Finally, 
CBC has been shown to possess antibiotic and antifungal 
activity (58).

Cannabinol: Cannabinol (CBN) is an oxidative by-product 
of THC found predominantly in aged cannabis products 
and was the first phytocannabinoid to be isolated in its 
pure form. CBN has significantly weaker binding affin-
ity to both CB1 and CB2 receptors compared to THC, and 
based on anecdotal reports and older publications, it pro-
duces greater sedation when combined with THC than 
when administered alone (59, 60). CBN has anticonvul-
sant properties, albeit less than either CBD or THC (61). It 
also shows similar therapeutic properties to other phyto- 
cannabinoids, such as anti-inflammatory (via inhibitory 
activity on COX and lipoxygenase [LOX]) and antibacterial 
activity (62). Also, because it has TRPV2 (high-threshold 
thermosensor) agonist activity, CBN could be a potential 
treatment option for burns (63).

THCA and CBDA: The minor cannabinoids THCA and 
CBDA are the 2 naturally occurring, thermally unstable, 
non-psychotropic precursors of THC and CBD, respec-
tively. They are considered more bioavailable and have 
minimal to no ability to cross the blood-brain barrier. 
Due to the extra carboxyl group, these precursors are 
structurally larger in size than their neutral forms and 
are therefore unable to effectively bind to the CBRs.  
Consequently, their therapeutic value is derived from  
other mechanisms. Both THCA and CBDA have been 
shown to have anti-inflammatory, antiemetic, antineo-
plastic, and anticonvulsant properties (64–69). A 2008 
study demonstrated that CBDA had essentially equal 
COX-2 inhibition in comparison to 2 different conven- 
tional NSAIDs (diclofenac and indomethacin) (70). A sub-
sequent study showed that CBG, cannabigerol acid (CBGA), 
and THCA also demonstrated COX-2 inhibition (71).

Cannabidivarin and (−) Δ9-Tetrahydrocannabivarin: 
Cannabidivarin (CBDV) is a propyl analogue of CBD and 
has been shown to have anticonvulsant activity (72). 
(−) Δ9-tetrahydrocannabivarin (THCV) is a propyl ana-
logue of THC. In contrast to THC, however, THCV is a CB1  
antagonist at lower doses and a CB1 agonist at higher 
doses (73, 74). THCV has previously demonstrated promi-
nent anticonvulsant properties in rodent models (75). In 
addition, THCV was found to produce weight loss, possess 
hypophagic properties, and decrease body fat and serum 
leptin concentrations in obese mice (76). Recently, THCV 
has been postulated to be beneficial for type 2 diabetes by 
improving glucose tolerance and increasing insulin sensi-
tivity in mouse models (77). 

Terpenoids
Terpenes and terpenoids are arguably the largest and  
most diverse group of phytochemicals found in nature. 
More than 50,000 have been identified to date, with at 
least half synthesized by plants (78). Although the terms 
are often used interchangeably, terpenes are hydro- 
carbons, whereas terpenoids have been modified by an 
extra atom (usually oxygen). These volatile, aromatic  
organic hydrocarbons are responsible for the aroma and 
taste of many plants, including cannabis. They are clas-
sified by the number of isoprene units present in their 
structure, with the most common being monoterpenes 
(2 isoprene units), sesquiterpenes (3 isoprene units), and 
diterpenes (4 isoprene units). Monoterpenes in particu-
lar are found in nature as a major constituent of terpenic  

https://patriotcare.org/terpenes-vs-terpenoids/
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oils or essential oils. Similar to other strong-smelling 
plants, the development of terpenes in cannabis began for 
adaptive purposes—to attract pollinators and repel and 
protect injured tissues in plants from the attack of herbi- 
vores, insects, and parasites. 

More than 200 terpenes have been identified from  
various chemovars within the Cannabis genus (39). Every 
cultivar of cannabis produces a unique terpene profile 
and may, consequently, have equally unique therapeutic 
effects. Terpene molecules have the ability to contribute 
their own physiologic and therapeutic effect. They may 
also interact synergistically with other compounds within 
the plant to enhance the clinical outcome (39). 

Monoterpenes, such as limonene, myrcene, and pinene, 
usually are the predominant terpenes within most canna- 
bis plants. Limonene is the precursor to several other  
monoterpenes and demonstrates anxiolytic, anti- 
depressant, and antineoplastic effects and may be beneficial 
for gastrointestinal reflux. β-Myrcene, also found in hops 
and mango, has anti-inflammatory, analgesic, and anxio-
lytic properties (39). Linalool, commonly found in lavender 
plants, has demonstrated activity as an anti-inflammatory, 
local analgesic, anxiolytic, and anticonvulsant agent (39). 

Due to their volatile nature, monoterpenes may be  
lost during processing, drying, and storage of plant mate-
rial. The resulting terpene profile consequently leads to 
higher proportions of sesquiterpenes, especially caryo-
phyllene. β-Caryophyllene, also found in black pepper, is 
the most common sesquiterpenoid found in the cannabis 
plant and is unique because it is the only known terpene 
that acts as a potent, full CB2 receptor agonist (39). Given 
the lack of psychoactivity of CB2 agonists, β-caryophyllene 
offers enormous promise as a therapeutic immunomodu-
latory compound. It also demonstrates anxiolytic, anti-
oxidant, and anti-inflammatory effects mediated by both 
PPARγ and CB2 receptors (79). β-Caryophyllene may work 
in concert with specific cannabinoids to produce a pro-
found and durable anti-inflammatory response as well as 
offer gastric protective properties (39). 

Many factors play a role in the diversity of a plant’s ter-
pene profile, including genetics; exposure to light, heat, 
and humidity; and the character of the soil. Addition-
ally, as mentioned above, the terpene profile of a canna-
bis product is greatly affected by production methods,  

some of which lead to terpene loss. Although a compre-
hensive discussion of terpenes and their interactions 
with cannabinoids is beyond the scope of this article,  
clinicians should recognize that some terpenes have 
physiologic effects on their own. The presence of terpenes 
in a product may affect how cannabinoids are absorbed  
(including increasing permeability of cell membranes 
such as the blood-brain barrier) and can work in a syn-
ergistic, additive, or perhaps even an opposing manner 
with cannabinoids.

Flavonoids
Flavonoids are a diverse group of naturally occur-
ring polyphenolic compounds that contribute to the 
plant’s vivid color pigmentation, which also serves to 
attract pollinators. Approximately 20 different types 
of flavonoids have been produced within the cannabis  
plant, and similar to terpenoids, many of these compounds 
have been shown to have anti-inflammatory, neuro- 
protective, and antitumor effects (80). 

Of the numerous flavonoids that exist within the plant, the 
cannaflavin compounds are unique to cannabis. Canna- 
flavin A inhibits prostaglandin E2 (PGE2) with 30 times the 
activity of aspirin (81). A recent study demonstrated an 
isomer of cannaflavin B decreased survival of 2 pancreatic 
cancer cell models as well as pancreatic cells treated with 
radiotherapy. Additionally, in vivo results demonstrate 
that cannaflavin B has therapeutic efficacy in delaying 
both local and metastatic tumor progression as well as 
increasing survival times in animals with pancreatic 
cancer (82).

Clinical Use
Cannabis is currently being used for a variety of disease 
processes in human medicine, and there are multiple pub- 
lications (both in vivo and in vitro) supporting its me-
dicinal use. Due to the legal environment surrounding  
access to cannabis products, only a few in vivo studies 
have been performed in veterinary medicine thus far. 
The most common and scientifically justified clinical  
applications of cannabis in veterinary medicine to date 
are analgesia for osteoarthritis (OA) and anticonvulsant 
activity for epilepsy (83, 84).

Intriguing applications for medical cannabis being stud-
ied in humans include its use as an antineoplastic, an-
xiolytic, anti-inflammatory (beyond OA), anticonvulsant, 
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gastrointestinal support, and a neuroprotective agent  
(85–90). As is common in veterinary medicine, practi- 
tioners must rely on non-veterinary-specific research 
when considering possible therapeutic benefits of medical 
modalities in their patients. The multitude of documented 
uses in human medicine propose a myriad of potential  
applications for the veterinary practitioner beyond the 
treatment of OA and seizures. The balance between poten-
tial benefits and risks of the “off label” use of any medi-
cine or modality is the standard of care for veterinary 
professionals, and this tradition of translational medicine  
applies equally to cannabis medicine.

Toxicity
THC is typically considered the limiting factor when dosing 
cannabis products in veterinary patients. Canines in par-
ticular have a higher density of CB1 receptors in their cere- 
bellum compared to any other species studied (91). When 
dogs receive excessive amounts of THC, either via acciden-
tal ingestion or overdose, they develop a unique array of  
clinical signs referred to as static ataxia. Dogs with static 
ataxia frequently present with a sawhorse stance, sway 
back and forth, and abruptly catch themselves from falling. 
Excessive THC exposure in dogs can also lead to urinary 
incontinence, severe lethargy/stuporous appearance, agita-
tion, tachycardia or bradycardia (dose dependent), hyper-
salivation, and hypothermia (92).

The majority of dogs experiencing intoxication after 
high-THC cannabis ingestion recover completely with 
supportive care and monitoring. Dogs with severe clini-
cal signs that are unable to eat or drink may require hos-
pitalization and IV fluid support. The use of intralipid 
therapy to bind the highly lipophilic THC is a valid treat-
ment option to reduce clinical signs in severe cases of 
toxicity (92). Anecdotally, CBD has been used to counter- 
act the effects of THC toxicity in humans. It is postu- 
lated that CBD’s negative allosteric modulation at the CB1  
receptor and its potential to slow the conversion of THC 
to the more psychoactive metabolite, 11-hydroxy-THC, 
are responsible for “blunting” some of the more extreme  
effects of THC toxicity. No studies have been published to 
confirm this, however, and legal restrictions surrounding 
the use of CBD in a clinical setting makes using it as a THC 
toxicity antidote impractical.

Unlike opioid receptors, there are no CBRs in the respi- 
ratory centers of the brain. Thus, even with extreme  

overdoses of cannabis, there is no chance of respiratory 
depression. One study concluded there is no known LD50 
for THC in dogs after doses of 3000 mg/kg of pure THC 
were administered. Although no fatalities directly related 
to THC occurred, 2 dogs in the study died from aspira-
tion pneumonia secondary to severe sedation (93). This 
fatal secondary complication, although uncommon, has 
occurred in instances in which pets unintentionally have 
ingested large amounts of THC and timely medical support 
was not available.

CBD, by contrast, has very few side effects and a wide 
margin of safety in both humans and veterinary patients 
(94). CBD is well tolerated at much higher doses than would 
be typically used in a clinical setting (95). In addition, 
given the effects of CBD on common biological targets 
associated in drug metabolism (eg, cytochrome P450 
family 2, subfamily C, member 19 [CYP2C19], CYP2D6, and 
CYP2C9) and excretion, clinicians should be aware of the 
potential for drug-drug interactions (DDIs) and adverse 
drug events (ADEs) (84). It is, however, the author’s expe-
rience that both DDIs and ADEs are exceedingly rare at the 
doses we use in a clinical veterinary setting. Specific infor-
mation regarding the safety of CBD in veterinary patients 
is discussed in the Relevant Veterinary Research section.

Product Terminology and Safety
As is the case with any medicine, the selection of the 
product and formulation is critical. This is particularly 
true regarding any cannabis product given the incon-
sistencies in terminology, labeling, product content, 
and quality that are prevalent throughout the cannabis  
industry. These inconsistencies are at least partially  
due to the lack of federal regulation by the FDA of CBD-
based products for humans and animals.

Other than the restriction of “drug claims” by the FDA, 
there is little by way of oversight when it comes to ter-
minology used by manufacturers to describe cannabis 
products. Much of this industry-specific jargon is unfa-
miliar to veterinary professionals and deserves clarifica-
tion and standardization. Three of the most frequently  
encountered terms used to describe the molecular  
content of a cannabis product are full spectrum, broad 
spectrum, and isolate. 

Full-spectrum products are intended to be products for-
mulated from a cannabis extract that still contain the 
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various components of cannabinoids, terpenes, and fla-
vonoids that were present in the original whole plant. 
Full-spectrum products theoretically contain the high-
est amount and diversity of compounds. Even the most  
minor cannabinoids and terpenes have the potential of 
“boosting” the effects of the major cannabinoids, CBD 
and THC. Many practitioners use the concept of the  
entourage effect when providing recommendations to 
patients to obtain better clinical outcomes. 

Broad-spectrum products, by comparison, are cannabis 
products that contain some, but not all, of the compo-
nents from the original whole plant, and these products 
are typically void of THC at measurable levels. One must 
consider that the manufacturing methods to remove THC 
from a cannabis product can potentially lead to the loss 
or significant reduction of other compounds, such as ter-
penes and minor cannabinoids.

Finally, isolate products are purified single compounds such 
as CBD or THC. They are considered more of a pharma- 
ceutical product because they are void of all other  
compounds. They require higher dosages to achieve a 
therapeutic effect and have demonstrated an increased 
incidence of negative side effects (96). 

Stepping beyond issues of terminology, the lack of regu-
latory oversight and potential inconsistencies from one 
product description to the next has led to a “buyer be-
ware” environment. It is critical for both animal care- 
givers and veterinarians to understand how to evaluate 
cannabis companies and products for transparency, safety, 
and quality. As an agricultural product, cannabis extracts 
may potentially be contaminated with pesticides, fungi-
cides, herbicides, heavy metals, bacteria pathogens, myco- 
toxins, and potential residual solvents from the extraction 
process (depending on the specific method used) (97). 
The FDA is taking steps to improve the regulatory path-
way for lawful marketing of cannabis-derived products for  
humans and animals. 

Due diligence in assessing the safety and potential effi-
cacy of a cannabis product must include the evaluation of a  
Certificate of Analysis (CoA). A CoA is a laboratory evalua-
tion of a cannabis product providing an objective measure-
ment of its contents. Ideally, a CoA should come from a third-
party laboratory that meets International Organization for  
Standardization/International Electrotechnical Commission  

(ISO/IEC) 17025, displaying levels of each cannabinoid and 
terpene as well as levels of any contaminants or potential 
pathogens present. As a natural product containing mul-
tiple phytochemicals, no plant or plant extract contains 
exactly the same spectrum of phytochemicals. Each indi-
vidual extraction varies in content. Therefore, it is critical 
to evaluate a CoA that is specific to the current batch or lot 
being produced. By evaluating the CoA, veterinarians and 
animal caregivers are better able to predict the physio- 
logic action of the medicine (via cannabinoid and terpene 
profiles) and screen for product safety by ensuring that 
harmful contaminants are undetectable.

Dosing
Considerations for dosing cannabis in the veterinary  
patient are multifactorial and, to an extent, somewhat 
unique compared to other drugs and botanicals. Most 
pharmaceuticals follow a familiar pharmacokinetics (PK) 
pattern by demonstrating a linear dosing curve and thus 
displaying a direct linear relationship between increasing  
dose and increased efficacy until a maximum level of  
efficacy is reached. Dosing above this point of maximal 
effect may lead to an increase in negative side effects 
with little to no increase in therapeutic value. 

The clinical impression of many cannabis practitioners, 
however, is that cannabis follows a biphasic dose re- 
sponse curve. Similar to pharmaceuticals, products with a  
biphasic dose response demonstrate a direct relation-
ship between increased dose and efficacy until reaching 
a point of maximal efficacy. Increasing the dose beyond 
the level of maximal effect will, however, lead to decreased 
clinical efficacy as well as increased negative side effects.  
When using products that create a biphasic curve response, 
there is a “sweet spot” for dosing that provides the opti-
mal clinical effect. Dosing above or below this level leads to  
suboptimal results (98). 

There are, however, data to suggest the biphasic phenom-
enon is not consistent throughout all cannabis preparations. 
In one study comparing a CBD isolate to a broad-spectrum 
CBD-dominant extract, the isolate displayed a biphasic 
curve and the broad-spectrum formula showed a linear 
dose response. Additionally, the formulation used in the 
study was predominantly CBD (17.9%), with much smaller  
amounts of THC (1.1%), CBC (1.1%), and CBG (0.2%) as  
well as trace amounts of CBN and CBDV. This is an excel-
lent illustration of both the entourage effect and how very 
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small quantities of cannabinoids can drastically affect 
the PK and, presumably, the pharmacodynamics (PD) of  
medical cannabis formulations (99).

In addition to biphasic dosing considerations, the spe-
cific milligrams of cannabinoids (ie, CBD, THC), canna- 
binoid ratio, and terpene content must be considered.  
The ratio of cannabinoids in a medical preparation is  
reported to have an important impact on its effects. 
For example, “CBD-dominant” formulations with rela- 
tively little or no THC have been shown to have efficacy in  
treating seizures, mild pain, and anxiety (83, 84, 100). 
Formulations with an even ratio of THC and CBD may 
have greater effects for moderate to severe pain, gastro- 
intestinal conditions, and certain cancers, and “THC- 
dominant” products with relatively little CBD are often 
used for severe pain, such as cancer pain and pain from 
spinal or neurogenic origins (101, 102). 

Broadly speaking, full-spectrum formulations are pre-
ferred by most clinical cannabis experts due to the  
anticipated increase in therapeutic benefit from the  
entourage effect. As mentioned previously, the milligram 
amount of THC in a dose of medicine is always the lim-
iting factor. Because of the possibility of THC sensitivity 
in cannabis-naive patients and the effects of the biphasic  
dosing curve, it is ideal to follow a “start low and go slow” 
dosing regimen—specifically, beginning with very low 
doses and incrementally increasing the dose every 5 to 
7 days based on the patient’s response and tolerance to  
the product. This accomplishes the dual goals of mini-
mizing the chance of negative effects related to THC and 
allowing both the animal caregiver and veterinarian to 
identify and evaluate clinical effects and determine the 
optimal dose for each individual patient. 

Most cannabis products are dosed orally at an inter-
val of every 12 hours; however, depending on the sever-
ity of the condition treated (ie, seizures, anxiety, pain), 
the patient’s tolerance, and the molecular profile of  
the product, dosing may be implemented every 6 to 8 
hours. Based on a previous publication that evaluated PK 
of CBD, it was demonstrated that the median T½ of elimi-
nation of CBD specifically in canines was approximately 4 
hours at both 2 mg/kg and 8 mg/kg doses when admin-
istered a full-spectrum hemp-derived CBD oil (with equal 
amounts of CBD and CBDA and minor amounts of other 
compounds) (83).

With regard to THC, negative side effects, such as severe 
sedation and static ataxia, are never acceptable when 
cannabis is used medically in animals. Due to concerns 
of dysphoria, some practitioners start initially with a 
minimal nighttime dose and increase to BID dosing as 
tolerance occurs and the therapeutic window widens.  
Depending on the condition being treated, these initial 
small doses of THC may be subtherapeutic and, conse-
quently, the dose may need to be titrated up to find the 
clinically effective dose for that specific patient’s condi-
tion. Using the “start low and go slow” method greatly  
optimizes the chances of finding the patient’s dosing “sweet 
spot” while also minimizing the risk of THC-induced  
adverse effects. Preclinical research demonstrates that tol-
erance may occur through persistent agonism of the CB1 
receptors secondary to prolonged exposure to high doses 
of THC. Down-regulation of the ECS is thought to occur 
through receptor desensitization initially and then may be 
followed by membrane receptor internalization (98).

The margin of safety for CBD is so broad, there is little 
concern for negative side effects with the exception of 
idiosyncratic responses. Although the current research 
evaluating seizures and OA suggests doses of 2 mg/kg  
BID of a CBD-dominant product, many veterinarians and 
animal caregivers have found efficacy at much lower doses. 
In addition, due to the high cost of CBD on a per milligram 
basis, it may be advisable to begin dosing at approximately 
0.3 mg/kg of CBD BID and incrementally increase the dose 
over time until efficacy is achieved (103). 

The future of cannabis medicine will provide transfor-
mational opportunities in integrative and personalized 
medicine practices. Every patient (human or animal) has 
a unique ECS whose state depends on multiple factors,  
including genetics, chronicity of disease, age, concomitant 
medications, comorbidities, and environmental influences 
such as stress. Because each patient has an individualized 
response to cannabis medicine, the future use of genetic 
testing may be a helpful tool for clinicians to identify the 
exact molecular profile best suited for each patient.

Relevant Veterinary Research
To date, there is a dearth of peer-reviewed veterinary  
research describing the PK, safety profile, DDIs, and effec-
tiveness and dosing of cannabis in companion animals. 
However, as the legal landscape changes and the stigma 
is gradually lifted, the CBD molecule from the cannabis 
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plant is rapidly becoming more favorably regarded by, 
and accessible to, the general public. Fortunately, regula-
tions governing research are also changing, such that the 
gap between science and the everyday use of cannabis is 
slowly closing. 

PK and Safety Studies
Although previous reports have questioned the bio- 
availability of CBD in dogs, there have been several more  
recent studies that have evaluated PK/PD in greater  
detail (Table 1) (104).

CBD PK analysis of a CBD-dominant hemp product admin-
istered via 3 delivery methods (oral CBD-infused oil, oral 
CBD-infused capsules, and CBD-infused transdermal cream 
applied to the pinnae) was performed using 2 single doses 
(approximately 5 mg/kg and 10 mg/kg) given to healthy  
research dogs, randomly divided into groups of 5 dogs 
(105). Overall, the CBD-infused oil delivered orally offered 
the highest maximum concentration (Cmax), longest T1/2, 
and greatest systemic exposure (represented by the area 
under the curve [AUC]) (Table 1). The dogs were subse-
quently administered 5 mg/kg or 10 mg/kg BID of the oral 
CBD-infused oil, the oral CBD-infused capsules, or the CBD-
infused transdermal cream applied to the pinnae (same 
dosing groups as the single-dose phase of the study) for 
a 6-week period, during which time they were monitored 
for adverse effects (Table 2) (94). Significant adverse  
effects included diarrhea, which occurred in all dogs, 
and elevated serum alkaline phosphatase (ALP), which  
occurred in the dogs receiving the oral forms of the CBD-
infused product only. Although diarrhea was reported as 
a potential adverse effect, without a control group it is  
impossible to rule out unrelated causes, such as housing 
relocation, stress, and diet changes. Overall, the study 
showed that oral and transdermal CBD were measurable 
in the plasma and well tolerated.

A PK study using 4 healthy research dogs was included 
as the first arm of an OA efficacy study, in which a full- 
spectrum hemp-derived CBD oil (with equal amounts of 
CBD and CBDA and minor amounts of other compounds) 
was administered orally at single doses of 2 mg/kg 
and 8 mg/kg of CBD/CBDA combination (1 mg/kg and  
4 mg/kg of CBD) specifically, with a 2-week washout  
period between each experiment (Table 1) (83). A 
similar PK study was performed using oral soft chews 
(50%/50% mix of CBD/CBDA) dosed at 2 mg/kg  

CBD/CBDA combination (1 mg/kg of CBD) BID to healthy  
research dogs (Table 1) (106). The dogs were then orally  
dosed with 2 mg/kg CBD/CBDA-infused soft chews BID  
for 84 days to assess adverse events. Loose stool and  
vomiting were rare reported adverse events, at an occur- 
rence of 3.3% and 0.45%, respectively. There were no  
CBC or serum biochemistry changes outside the reported  
reference range for any dog during the study period,  
further supporting the apparent short-term safety profile 
of oral CBD.

A recent study explored the PK of a cannabis oil that con-
tained both THC and CBD in fasting and fed dogs (107). 
A total of 6 healthy Labrador Retrievers were used for  
the study and administered the product at a dose of  
1.5 mg/kg THC and 0.0375 mg/kg CBD after being both 
fasted and fed (Table 1). No detectable plasma CBD was 
found at any time point. It is interesting to note that  
the fasted dogs had a greater AUC in this study. Given the 
highly lipophilic nature of THC, they would have been 
expected to have greater bioavailability in a fed state. 
The authors hypothesized that perhaps the lipophil- 
icity of the olive oil base maximized the bioavailability 
in the fasted state, whereas in the fed state the meal may 
have sequestered the phytocannabinoids, slowing the  
absorption phase. This is in contrast to previous studies in 
humans and rodents, in which cannabinoids were absorbed 
faster and achieved higher Cmax and AUCs (108). Based  
on this study, when cannabis is given along with a high- 
fat meal, it is sufficient to activate intestinal lymphatic 
transport and lead to increased systemic exposure of  
cannabinoids. Finally, a recent study evaluating 8 dogs 
that received 2 mg/kg of a full-spectrum CBD-dominant 
oil demonstrated that feeding enhanced absorption as 
did feeding soft chews compared to giving the hemp- 
derived CBD oil without feeding (b). The PK processes are  
dynamic, change over time, and may be affected by the 
frequency and magnitude of drug exposure. Also, dose, 
route of administration, vehicle (tincture, capsule, edible),  
and physiological factors, such as absorption and rates  
of metabolism and excretion, can influence drug concen-
trations in circulation.

Another study investigated the PK of a CBD pharma-
ceutical (c) when administered using single or multiple 
administrations to healthy dogs via sublingual delivery  
(Table 1) (109). After the single-dose administration 
and testing, the dogs were subsequently treated with 
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Table 1. Pharmacokinetics Summarized 

Dog Dog Dog Dog

Author Samara et al. 1988(104) Bartner et al. 2018(105) Gamble et al. 2018(83) Lebkowska-
Wieruszewska  
et al. 2019(107)

Cohort info 6 research dogs 30 research dogs 4 research Beagles 6 healthy Labrador 
Retrievers

Product format IV: in 70% ethanol 

PO: gelatin capsule

Hemp seed oil Olive oil Olive oil

Dose (mg/kg) IV: 45 and 90 mg total dose CBD 

PO: 180 mg total dose CBD

75 and 150 mg total dose CBD 2 CBD/CBDA 

8 CBD/CBDA 

1.5 THC 

0.0375 CBD

Route IV and PO PO PO PO 

Fasted or fed Not reported Fed Fasted Fasted and fed

AUC (ng/mL/hour) IV:

45 = 2706 ± 519;

90 = 6095 ± 1741

135.6 ± 46.3; 

297.6 ± 112.8

367 (183–437);

2658 (1753–3048)

69.94 (20.26–95.43);

24.00 (7.84–58.65)

Tmax (hours) Not reported Not reported 1.5 (1.0–2.0);

2.0 (1.0–2.0)

1.25 (0.5–4) (fasted);

5 (0.75–8) (fed)

Cmax (ng/mL) Not reported 625.3 ± 164.3;

845.5 ± 262.2

102.3 (60.7–132.0);

590.8 (389.5–904.5)

24.34 (9.2–77.1);

7.10 (3.6–11.4) 

T1/2 (hours) Not reported 199.7 ± 55.9;

127.5 ± 32.2

4.2;

4.2

1.74 (0.80–3.5) 
(fasted);

1.86 (0.86–3.01) (fed)

MRT (hours) IV: 

45 = 7.0 ± 3.5;

90 = 7.5 ± 2.7

217 ± 46;

298 ± 43

5.6 (4.2–9.1);

5.6 (5.1–7.0)

3.98 (1.49–7.07) 
(fasted);

5.47 (1.08–7.34) (fed)

Bioavailability 13%–19% Not reported Not reported Fed: 48.22%

Fasted: not reported

Comment(s) Plasma levels of the PO CBD 
were undetected in 3 dogs  
and barely detectable in the 
other 3 dogs

None Full-spectrum hemp-derived 
product (with equal amounts 
of CBD and CBDA and minor 
amounts of other compounds)

The dose was actually 1 mg/kg 
and 4 mg/kg of each compound

CBD was not detected 
in plasma at any point
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Dog Cat Dog Dog

Author Deabold et al. 2019(106) Deabold et al. 2019(106) Fernández et al. 2020(109) Boothe et al. 2019(b)

Cohort info 8 research Beagles 8 research DSH cats 6 research Beagles 8 research Beagles

Product format Soft chew Fish oil Oromucosal spray Oil and soft chew 

Dose (mg/kg) 2 CBD/CBDA BID 2 CBD/CBDA BID 8.1 THC

7.5 CBD

2 (for both oil and soft chew) of 
CBD 

Route PO PO PO PO

Fasted or fed Fasted Fasted Fasted Fasted and fed 

AUC (ng/mL/hour) 1297 ± 210 (SEM) 164 ± 29 (SEM) THC: 94.9

CBD: 60.4

Oil (fasted) = 763

Oil (fed) = 1419

Soft chew (fed) = 1140

Tmax (hours) 1.4 ± 0.2 (SEM) 2.0 ± 0.6 (SEM) 2 (single dose)

1 (14 days)

Oil (fasted) = 74.0

Oil (fed) = 2.0

Soft chew (fed) = 4.0

Cmax (ng/mL) 301 ± 63 (SEM) 43 ± 9 (SEM) THC: 18.5

CBD: 10.5

Oil (fasted) = 130

Oil (fed) = 304

Soft chew (fed) = 301

T1/2 (hours) 1.0 ± 0.2 (SEM) 1.5 ± 0.2 (SEM) Not reported Oil (fasted) = 5.5

Oil (fed) = 6.2

Soft chew (fed) = 5.6

MRT (hours) 1.4 ± 0.3 (SEM) 3.5 ± 1.4 (SEM) Not reported Oil (fasted) = 10

Oil (fed) = 7.1

Soft chew (fed) = 7.7

Bioavailability Not reported Not reported Not reported Not reported

Comment(s) 50%/50% mix of CBD/CBDA

The dose was actually 1 mg/kg  
of each compound BID

50%/50% mix of CBD/CBDA

The dose was actually 1 mg/kg  
of each compound BID

Other than Tmax, all other 
parameters were stable from the 
single to 14-day dosing

None

*The fraction of administered drug that reaches systemic circulation (drug administered/amount absorbed).

Abbreviations: DSH, domestic short-haired; MRT, mean residence time. 
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the same dose daily for 14 days. They reported a similar  
THC/CBD PK profile but with a time to maximum concen- 
tration (Tmax) of 1 hour. The authors noted that the plas-
ma levels  in the multiple-dose condition were higher than  
after the single dose, suggesting that the phytocanna- 
binoids may accumulate in the fat tissues and other organs  
and undergo a progressive and slow release when plasma 
levels are low. 

A recent study investigated the safety of escalating 
oral doses of CBD, THC, and a combination of both com-
pounds in healthy research dogs. It showed that, at the 
doses used in this study, CBD was better tolerated than 
THC in that particular cohort of dogs (95). The dogs were  
assigned to one of 5 treatment groups (n = 4/group): CBD-
dominant oil, THC-dominant oil, CBD/THC oil (1.5:1), 
sunflower oil placebo, and medium-chain triglyceride  

(MCT) oil placebo. The CBD-dominant oil was admin- 
istered up to approximately 62 mg/kg, the THC-dominant 
oil up to approximately 49 mg/kg, and the CBD/THC oil up 
to approximately 12 mg/kg CBD/8 mg/kg THC (Table 2). 
The sunflower and MCT oil were given orally up to vol-
umes of 45 mL and 35 mL, respectively. Adverse events 
were observed in all dogs, most of which were considered 
mild (diarrhea, vomiting, lethargy, ataxia), with the fewest  
being in the CBD-dominant oil group. There were no mod-
erate or severe adverse events seen in the dogs receiving 
the CBD-dominant oil. In the dogs receiving THC-dominant 
oil or CBD/THC oil combination, moderate to severe side 
effects were noted, including ataxia, hypothermia, and 
lethargy. All of these adverse effects are not surprising 
with THC, especially considering that the experimental 
design did not account for tolerance that occurs when 
the dose of THC is appropriately escalated in a clinical  

Table 2. Safety and Tolerability Studies 

Dog Dog

Author McGrath et al. 2018(94) Vaughn et al. 2020(95)

Study design Study dogs were randomly assigned to receive CBD in the form of 
microencapsulated oil beads (capsule), CBD-infused oil, or CBD-infused 
transdermal cream

Safety and tolerability study

Randomized, placebo-controlled, blinded, parallel study

Safety and tolerability of escalating doses 

Study duration 6 weeks Up to 10 escalating doses of the oils were planned, with at least 3 
days separating doses

Cohort info 30 research dogs 20 healthy Beagles

Product format All forms had hemp seed oil as base Sunflower oil and MCT oil

Dose (mg/kg) Randomized to receive a dose of 5 BID or 10 BID Dose range

CBD-dominant oil: 

CBD: 1.7–64.7 (18.3–640.5 mg)

THC: 0.06–2.4 (0.7–24.2 mg) 

THC-dominant oil:

THC: 1.9–52.4 (24.9–597.6 mg)

CBD/THC oil:

CBD: 1.4–13.4 (17.6–140.8 mg)

THC: 0.97–9.2 (12.1–96.6 mg)

Route PO Oral gavage

Fasted or fed Fed Fasted

Testing parameters Assessment of health and blood samples (CBC/chemistry/bile acids) 
and urinalysis performed 

Assessment via body temperature, respiration rate, and heart rate

Blood samples (CBC/chemistry) performed
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setting. This requires a consistent but gradual dose titra-
tion method (not q 3-day dosing), which can significantly 
lower or eliminate toxicity seen with THC. The primary  
serum biochemical change was an increase in liver enzymes  
in some of the dogs: 1 dog in the CBD-dominant oil group 
and 1 dog in the CBD/THC oil group experienced an  
increase in ALP of 2.9- and 3.6-fold baseline, respectively, 
which approached or exceeded the upper limit of the reference  
range, when given at the highest dose. No other signif- 
icant abnormalities were noted. This study offers the first 
controlled scientific comparison of the safety and toler-
ability of oil containing primarily CBD to oil containing 
higher amounts of THC in dogs, concluding that the CBD- 
dominant oil was better tolerated.

Finally, a single-dose PK evaluation followed by a 12-week 
safety assessment in cats, in which 8 healthy research 
cats were administered a CBD-infused fish oil (50%/50% 
mix of CBD/CBDA) orally BID, was recently published 
(Table 1) (106). The cats were subsequently adminis-
tered 2 mg/kg of the CBD/CBDA mixed oil orally BID for 
84 days. The CBC and serum chemistry values remained 
within the reference range for 7 of the 8 cats at all time 
points; 1 cat had a persistently elevated ALT (above the 
upper limit of the reference range) throughout the study 
period. The main adverse events reported were exces-
sive licking and head shaking. Cats appear to absorb or 
eliminate CBD differently than dogs. Overall, the absorp-
tion kinetics showed maximum serum concentrations 
are approximately one-fifth of what was observed in the 
dogs, with a longer retention time and T1/2. It should be 
noted that dogs received their CBD-dominant oil in a soft 
chew form and cats received it in fish oil. The delivery 
method and form can certainly affect absorption and  
bioavailability, and perhaps the cats may have lost 
some of the product with the excessive head shaking,  
salivation, or vomiting. 

The PK/PD studies cited above demonstrated substantial 
variation in the study design as well as some of the PK 
parameters. There are many potential reasons that could 
account for the differences in bioavailability and me- 
tabolism in patients dosed with cannabinoids, such as the 
product formats used, whether they were given fasted 
or with food (type of food variable as well; high fat vs. 
low fat), and individualized patients’ ECS, age, and body 
condition. In addition, it is imperative to understand 
that PK results do not always correlate with clinical  

outcome, which emphasizes the importance and necessity  
of further clinical research. 

Epilepsy
In 2018, the FDA approved the first plant-derived canna- 
binoid medicine (a) for the treatment of seizures asso- 
ciated with 2 severe pediatric forms of epilepsy,  
Lennox-Gastaut syndrome and Dravet syndrome. The 
clearly demonstrated anticonvulsant properties of CBD 
subsequently prompted research in veterinary medicine. 
Although there are various theoretical and proposed 
mechanisms involved in CBD’s anticonvulsant effects, 
the true mechanism of action is still unknown. Current 
research has been primarily focused on CBD reducing 
neuronal excitability through its effects on modulation 
of intracellular Ca2+ (specifically its ability to antagonize 
GPR55 and desensitize TRPV1) and inhibition of adenosine 
transport (110).

A randomized, blinded, controlled clinical trial in client-
owned dogs with naturally occurring intractable idio-
pathic epilepsy compared the effect of adjunctive admin-
istration of a CBD-dominant hemp oil with conventional 
treatment alone on seizure frequency (84). A total of 
16 dogs completed the study; 9 dogs received a CBD- 
dominant oil in addition to their standard anti- 
convulsant therapy, and 7 dogs received placebo in addi-
tion to their standard anticonvulsant therapy for a total 
of 12 weeks. Standard anticonvulsant therapy consisted 
of phenobarbital, potassium bromide, levetiracetam,  
and zonisamide, either alone or in combination. Of the  
9 dogs, 8 dogs in the CBD-dominant oil group expe- 
rienced a reduction in mean monthly seizure frequency 
as compared with 3 of 7 dogs in the placebo group. Fur-
ther, there was a significant reduction in mean seizure 
frequency in the CBD-dominant oil group as compared 
with the placebo group. However, using the definition 
of a responder as a dog that undergoes at least a 50%  
reduction in seizure frequency, there was no difference 
in the number of responders between the group receiving 
the CBD-dominant oil and the placebo group. Interest-
ingly, a negative correlation was found between seizure  
frequency and CBD plasma concentrations. The study 
concluded that although the data were promising,  
additional research is necessary to determine the over-
all usefulness of CBD as an anticonvulsant in dogs with  
idiopathic epilepsy (Table 3). Of note, in humans and  
possibly other animals, CBD is metabolized by the CYP 
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system in the liver and inhibits several isoenzymes,  
leading to the speculation that CBD could affect the me-
tabolism of certain anticonvulsant therapies. However, the 
above study revealed no significant change in serum phe-
nobarbital concentration in dogs following CBD treatment. 

OA and Pain 
The first study evaluating the clinical effect of CBD on 
OA pain in dogs was a randomized, blinded, crossover 
study (83). A total of 16 client-owned dogs with clini-
cally and radiographically confirmed OA completed the 
study. Dogs were randomly assigned to receive either  
2 mg/kg of a full-spectrum hemp-derived CBD oil (with 
equal amounts of CBD and CBDA and minor amounts of 
other compounds) orally or a placebo every 12 hours for 
4 weeks with a 2-week washout period between treat-
ments. The primary outcome parameters were veterinary 
assessment of pain, lameness, and weight-bearing and 
owner assessments using the Canine Brief Pain Inventory 
(CPBI) and Hudson activity scores. CBPI and Hudson scores 
significantly decreased, as compared to baseline, specifi- 
cally showing a decrease in pain and increase in activity, 
with CBD treatment at weeks 2 and 4 as compared to the pla-
cebo arm. The veterinarian-assessed pain scores decreased 
2 and 4 weeks after the initiation of treatment with the CBD-
dominant oil as compared to baseline. No changes were 
perceived in the lameness and weight-bearing scores in  
either group at any time point. Of note, veterinary pain 
scores decreased from baseline in dogs treated with 
NSAIDs. The study concluded that the CBD-dominant oil 
helped increase comfort and activity in dogs; however,  
larger, long-term studies are needed (Table 3). 

A second randomized, blinded, placebo-controlled OA 
study in client-owned dogs with naturally occurring OA 
was recently published (111). Dogs were included in the 
study if they had been diagnosed with OA by a veterinarian 
and had owner-assessed pain, a detectable lameness, and 
painful joint(s) on palpation. All medications were discon-
tinued 2 weeks prior to study enrollment. During the study 
period, dogs were randomly assigned to receive either  
placebo, 20 mg/day (0.5 mg/kg) naked CBD, 50 mg/day  
(1.2 mg/kg) naked CBD, or 20 mg/day liposomally encap-
sulated CBD. All products were CBD isolates. Dogs were eval-
uated by a veterinarian at baseline and day 30 for mobility 
as assessed by walking, running, and standing from a sitting  
and laying position on a 5-point scale. Owner evaluations 
were made at weeks 4 and 6 using the Helsinki Chronic 

Pain Index (HCPI), a validated 11-item assessment tool. 
Results of this study revealed that owner assessment did 
not change with placebo or 20 mg/day naked CBD. How-
ever, with administration of 50 mg/day naked CBD and  
20 mg/day liposomal CBD, significant reductions in pain 
were noted. A 17-fold increase in bioavailable circulating 
CBD following oral administration of the liposomal formula-
tion as compared to the naked isolate was found. Veterinary 
assessment was similar, observing improvements in all  
assessment categories only in the dogs receiving 50 mg/day 
naked CBD and 20 mg/day liposomal CBD (Table 3). 

Finally, an unblinded pilot study assessing the effect of  
escalating doses of a hemp-derived CBD-dominant oil was 
conducted on a total of 32 dogs with pain associated with 
OA. An informal gait and pain assessment were deter-
mined by the veterinarian at the start of the study. Each 
dog was administered 0.25 mg/kg CBD oil orally every  
24 hours for 3 days and then every 12 hours thereafter. 
Pain assessments by a veterinarian and owner assess-
ments were evaluated every 2 weeks for the 90-day study 
period. The CBD dose was escalated by 0.5 to 0.75 mg/kg/
dose until an acceptable pain level was reached. Of the 32 
dogs that completed the study, 2 dogs were considered non- 
responders by both the owner and the veterinarian. Of  
the 30 dogs that benefited from CBD oil, the dose required 
to reach the pain level goal was 0.3 to 4.12 mg/kg every  
12 hours. Of the 23 dogs that were taking gabapentin at  
the time of enrollment, 10 dogs were able to discontinue 
the gabapentin after the addition of the CBD oil to their 
pain management protocols, and 11 dogs were able to  
reduce their gabapentin dose. Although the vast majority 
of dogs in this study appeared to benefit from CBD, the lack 
of a placebo group and objective outcome parameters used 
to assess lameness could have had a significant effect on 
the perceived positive outcome (Table 3) (103). 

Importantly, all of these studies showed positive out-
comes of CBD treatment based on owner and veterinary 
assessment in a small population of dogs with naturally 
occurring OA of single or multiple joints. The objective 
parameters, such as accelerometry, gait analysis, clini-
cal metrology instruments, or inflammatory biomarkers 
in synovial fluid, were not used in any of these studies. 
Therefore, larger, standardized, objective studies are 
warranted because chronic pain associated with OA is a 
common and devastating disease in canine patients.
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Table 3. Clinical Trial Findings Summarized 

Dog Dog Dog Dog

Author Gamble et al. 2018(83) Kogan et al. 2020(103) Verrico et al. 2020(111) McGrath et al. 2019(84)

Study design Randomized, placebo-controlled, 
veterinarian, and owner-blinded, 
crossover study

Unblinded pilot clinical trial Randomized, blinded, placebo-
controlled clinical trial 

Randomized, blinded, controlled 
clinical trial

Study duration 4-week trial with a 2-week washout 
period prior to crossover 

90-day trial 4-week trial 12-week trial 

Disease studied OA OA OA Epilepsy 

Cohort info 16 client-owned dogs 32 client-owned dogs 20 client-owned dogs 26 client-owned dogs

Product format Olive oil Hemp seed oil Fractionated coconut oil  
(for naked) and sunflower 
lecithin (for liposomal)

Hemp seed oil

Dose (mg/kg) 2 CBD/CBDA BID 0.3–4.12 CBD BID Naked CBD: 

0.5 (20 mg)

1.2 (50 mg) 

Liposomal CBD:

0.5 (20 mg) 

2.5 CBD BID 

Route PO PO PO PO

Fasted or fed Fed Fed Not reported Fed

Testing 
parameters

CBPI, Hudson activity scores, 
veterinary lameness and pain scores, 
and owner assessment 

Informal gait and pain 
assessment determined by the 
veterinarian and owner

Mobility and pain assessment by 
veterinarians and HCPI by owners

Blood samples (including serum 
phenobarbital and bromide levels)

Owners kept daily seizure 
log and filled out behavior 
questionnaire (C-BARQ)

Formulation 
type

Full-spectrum hemp-derived product 
(with equal amounts of CBD and 
CBDA and minor amounts of other 
compounds) 

Full-spectrum hemp-derived 
CBD product

All CBD used was in an  
isolate form

Full-spectrum hemp-derived 
CBD product

Comment(s) The dose was actually 1 mg/kg of 
each compound

Most responders were between 
1.2 and 2 mg/kg BID

None None

Abbreviation: C-BARQ, Canine Behavioral Assessment & Research Questionnaire.

Cancer 
When evaluating the current literature, there is a scar-
city of in vivo data evaluating the antineoplastic effect 
of cannabis. The majority of evidence that currently  
exists is through in vitro and preclinical tumor induction 
or xenograft models. Results from preclinical studies sug-
gest cannabinoids elicit antitumor effects at several lev-
els, including inhibition of tumor proliferation, inducing 
cell death via apoptosis and autophagy, antiangiogenic 
activity, inhibition of invasion and metastasis, inhibition 
of epithelial-to-mesenchymal transition, and eliciting an 
antitumor immune response (32).

Despite cannabinoids demonstrating antitumor activity 
in multiple cell lines, rodent cancer models, and scant 
human clinical trials, there are still not enough data to 
confirm which specific chemovars, doses, ratios, or even 
extraction methods are required to provide an effective 
and durable clinical response. It is, however, the authors’ 
clinical experience that epithelial tumors tend to respond 
best to cannabinoid therapy.

Cannabinoids may play an integral role in treating cancer  
patients in both a definitive and palliative setting. Incor- 
porating cannabis products can help palliatively by  
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reducing adverse effects seen with conventional thera-
pies, such as chemotherapy-induced nausea, vomiting,  
inappetence, and neuropathy. Cannabinoids can also work 
synergistically with conventional therapies in an effort 
to increase the antitumor therapeutic potential (32). Due 
to the immunosuppressive effects of cannabis, clinicians 
should avoid giving any cannabinoid-containing product 
to a patient that is receiving antitumor immunotherapy. 
There is evidence to suggest that simultaneous exposure 
to both modalities can negatively affect response rates 
(112). Further investigation of this interaction via pro-
spective clinical studies is needed. 

Current canine cell culture studies have gleaned a pre-
liminary view into CBD’s potency as an apoptotic agent 
and its use with standard chemotherapies, including 
doxorubicin and vincristine. The first pertinent finding 
was that CBD could induce cell death at concentrations 
between 1 and 5 ug/mL in 48-hour growth and prolifera-
tive assays, whereas CBDA could not induce apoptosis, 
suggesting that there were targets for CBD that a simple 
carboxylic acid moiety on CBD could hinder. Of the 5 cell 
lines studied (3 osteosarcoma, 1 mammary carcinoma, 
and 1 lymphoma), the effects of CBD were rather univer-
sal across all cell lines. Doxorubicin and CBD treatment 
across all cell lines appeared to show a minor additive 
effect when both are at higher concentrations, although 
when both are at lower concentrations there may be 
minimal antagonism. When treating cells with CBD and 
vincristine, there was a clear synergistic effect noted in 
all cell lines (d).

Similar studies need to be performed on other com-
pounds within the cannabis plant, such as other canna- 
binoids, terpenes, and flavonoids alone, and along with 
conventional modalities (chemotherapy, targeted therapy, 
and radiation therapy) to appropriately assess the anti-
neoplastic potential in canine and feline cancer cell types. 
Moreover, findings in vitro or a preclinical setting are not 
necessarily always correlated with in vivo findings, and 
therefore moving forward with veterinary-specific clinical  
trials will help elucidate the clinically relevant antitumor 
effects of cannabis-derived compounds. 

Legal Environment
Although various countries differ in the specifics of their 
cannabis regulatory policies, the majority of the world-
wide regulatory framework is centered on a determination  

of THC levels in the plant at the time of harvest. Prior to 
2018 and the Agriculture Improvement Act (2018 Farm 
Bill), all cannabis plants (hemp and marijuana) were  
included on the Schedule 1 list of controlled substances of 
the federal Drug Enforcement Agency (DEA) (113). 

With the passing of the 2018 Farm Bill, industrial hemp 
and its derivatives, including CBD, became legal to grow 
and transport in the United States. There is, however, no 
FDA classification or recognition of supplements, nutra-
ceuticals, or medical food in veterinary medicine. Until the 
FDA finishes its review and provides a regulatory code, 
it is not technically legal to sell products derived from 
hemp. Hemp-derived cannabis products (similar to many 
common veterinary supplements) are not recognized by 
the FDA as a food or a drug and, consequently, cannot be  
administered, dispensed, recommended, or prescribed 
with the intent to prevent, mitigate, treat, or cure a con-
dition. Despite this, there is little to no regulation and  
enforcement when it comes to hemp-derived CBD. This  
de facto legal status has led to the enormous market of CBD 
products available for animals. Although the FDA has the 
right to confiscate and stop sales of any CBD product, they 
generally only do so when a company makes therapeutic 
claims, which are only permitted for approved drugs.

The majority of states within the United States have  
obtained full legalization to either or both medical and 
recreational access to high-THC cannabis. Addition-
ally, the passing of the 2018 Farm Bill and subsequent  
descheduling of industrial hemp has made products 
formulated from hemp plants widely and readily avail-
able. Despite the federal descheduling within the United 
States, individual states continue to have more restric-
tive policies on hemp-derived products than the federal 
regulatory bodies. Additionally, the FDA continues to 
have regulatory authority over all cannabis or cannabis-
derived compounds, regardless of the source (114). The 
only cannabinoid-containing products (natural and syn-
thetic) that have received FDA approval for human use 
are a cannabis-based CBD product (a), dronabinol, and 
nabilone. At the time of this publication, there are no 
CBD-containing products approved for use in animals. 

In contrast to industrial hemp, high-THC cannabis (mari-
juana) and all of its constituents, including CBD derived 
from it, are still listed on the DEA’s Schedule 1 of con-
trolled substances. Given the Schedule 1 status of THC 
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and with the exception of the 3 FDA-approved products 
mentioned previously, neither physicians nor veterinarians 
can “prescribe” cannabis. A majority of states, however, 
have passed medical and/or recreational cannabis laws  
allowing for the purchase of high-THC cannabis. Within 
states that have enacted medical marijuana policies, human 
medical providers may provide a medical “recommen-
dation” for their patients in accordance with state-specific 
requirements and case criteria.

A medical recommendation from a state-certified physician 
allows the state to issue authorization (a medical cannabis 
card) for that patient to access Schedule 1–listed cannabis 
through a medical dispensary. States that have enacted rec-
reational (adult-use) cannabis allow any individual older 
than 21 years of age to access cannabis through recreational 
dispensaries despite its Schedule 1 status. Currently, medi-
cal cannabis laws, and thus medical “recommendations,” 
apply to the use of cannabis products in human patients 
only and do not authorize veterinarians to recommend (ie, 
initiate the process for a medical card), dispense, furnish, 
administer, or prescribe high-THC cannabis products. 

Several states are beginning to address this unintentional 
gap in the law. Over the past 4 years, California veterinar-
ians, pet owners, and stakeholders in the medical canna-
bis industry have advocated for a veterinarian’s right to 
discuss as well as recommend cannabis for their patients, 
and in 2019, a first-of-its-kind legislation was passed. The  
most recent California-based bill advocated to provide 
similar legal parameters to veterinarians as their physi-
cian counterparts regarding the legal pathway for canna-
bis recommendation. Further efforts are ongoing, which 
will ensure patient safety by limiting access to medical 
cannabis products for animals to pet owners with a valid 
veterinary recommendation. 

Because of the current legal status of cannabis, para-
digms around the safety and use of cannabis products in 
veterinary patients must, for the time being, be primarily 
based on information extrapolated from the scant veter- 
inary literature, human research, and anecdotal clinical 
reports. Until federal and state guidelines become well 
defined for veterinarians, it is the authors’ guidance 
for veterinarians to exercise caution, understand the  
legal status of cannabis, and consult their local veterinary 
medical board prior to distributing any such products 
from their clinic.

Conclusion
Cannabis science and research are still in the early stages. 
The last decade has produced a wealth of published infor-
mation in support of the wide variety of potential thera-
peutic benefits of this plant. The majority of these studies 
have been in vitro or are preclinical studies in rodent mod-
els. In addition, most of this research has focused solely on 
the 2 major phytocannabinoids, THC and CBD. With a mul-
titude of bioactive compounds within these plants and sig-
nificant variation in the phytocannabinoid, terpenoid, and 
flavonoid compositions of the products available, there is 
considerably more research to be performed. 

Understanding the biological activity of all of these com-
pounds, including the minor components, is essential to 
understanding and developing medical applications for 
these molecules. Importantly, the evaluation of PK, PD, and 
the safety of each of these compounds allows practitioners  
to develop a more complete understanding of clinical  
applications, dosage, side effects (short- and long-term), 
and potential DDIs. 

As the legal landscape becomes less restrictive, veter- 
inary practitioners should remain aware as new research 
becomes available, remain active in protecting their  
patients from harm, and provide guidance and education 
to clients on our current understanding of exactly how this 
complex plant can be used in our veterinary population. 
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Abstract
The immune system of humans and other mammalian  
species such as dogs and cats develops in utero, evolves  
until puberty, matures in adulthood, and culminates in  
geriatric senescence. During this growth and aging process, 
parallels exist between these species in the factors that  
influence and sustain health and trigger disease states. 
Understanding the fundamentals of the immune response 
in health and disease has laid the foundation and concepts 
of basic biology, biochemistry, physiology, psychology, and 
medicine. With immune dysfunction, the associated con-
genital and heritable traits of all mammals are expressed 
similarly. Consequently, studies of naturally occurring  
and experimentally induced immunological disorders in ani-
mals have served for decades as important models of human 
disease. Significant accomplishments include gaining land-
mark molecular and metabolic knowledge and the recent  
advent of genomics, gene editing, and gene therapy, which 
lead to effective management and treatment strategies.

Introduction
All mammals develop their immune responses in utero 
as a fetus, and the development continues until the onset 
of puberty and adolescence (1–10). During this critical  
period of early life, both the innate and adaptive (acquired)  

immune systems evolve along with the functional roles 
of the pituitary-thyroid-hypothalamic axis, thymus 
gland and its gradual involution, Peyer’s patches, and the  
maturation of the microbiome in the gut (1, 3–11). This 
paper summarizes what is known about the developing 
immune system and its functions, outlines the primary 
causes of immunological dysfunction, and briefly discusses  
the heritable and acquired immunologic disorders recog-
nized in young animals. 
 
Overview 
Veterinary practitioners are increasingly being pre- 
sented with patients exhibiting immunological dysfunc-
tion and disorders (2–3, 10, 11–14). Beyond infancy, the on-
set of these conditions often follows from within a few days 
to 30-45 days after stress events (10, 12–15). Stressors  
include both physiological (eg, sex hormonal influences 
and changes, aging) and psychological (eg, separation 
anxiety, illness, adrenal fatigue syndrome, death of family 
member), and environmental or other exposures (8–15). 
This latter group includes examples such as vaccinations, 
use of certain drugs, parasiticides, chemical exposures 
to toxins, herbicides, pesticides, fertilizers, indoor clean-
ing supplies, certain indoor and outdoor plants, and food  
intolerances (2, 13–16). 
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Innate and Adaptive Immune Responses 
An ability to respond to foreign substances and patho- 
genic microorganisms such as bacteria, viruses, and fungi is  
unique to each individual due to the complex nature of the 
principal components of the immune system (12, 17–23).  
The innate immune response is ready to go as the “first 
responder” of immune defense and protection (1, 3–10, 
19, 20). It provides barriers to infection on and within  
the body’s surface, secretions, and gut, and includes the  
circulating soluble factors of the complement system, which 
offer further immune support of the defensive response 
to infection (2). While it does not express immunological 
memory like that of the adaptive immune system, the early 
postnatal innate immune response is determined by the 
maternal microbiota (4). The main cellular components of 
this response are enterocytes, goblet and dendritic cells, 
macrophages, neutrophils, mast cells, and eosinophils. 
Following different types of injury, damage-associated 
molecular patterns are generated by these cells. The elic-
ited inflammatory response is characterized by chemokine 
and cytokine production, followed by the recruitment and 
activation of immune cells (2–9, 17–23). This response is 
essential to limit pathogen load and to maintain intestinal 
barrier function (5, 24). When pathogens are present in the 
gut lumen, mucosal macrophages, eosinophils, and mast 
cells release toxic and inflammatory mediators such as 
histamine, nitrogen radicals, tumor necrosis factor-alpha 
(TNF-α), and toxic enzymes such as lysozyme and peroxi-
dase. However, this total response may be insufficient to 
avoid penetration of the bowel surface by pathogenic anti- 
gens, thus requiring activation of the adaptive immune  
system in a mutually cooperative fashion (5, 18, 20–23).

An acquired immune response develops after pathogen  
exposure within the gut lumen (2–10, 18–24). It is char-
acterized by the long-term protection of immunological 
memory, which is crucial for the acquisition of oral im-
mune tolerance (10, 13, 19, 24, 25). Adaptive responses are  
mediated by different cell populations such as macro-
phages, dendritic cells, mast cells, and lymphocytes using 
mechanisms such as antigen processing and presentation 
and the production of regulatory and effector molecules  
(5, 6–8, 18–22). These molecules include the small signaling 
proteins like cytokines, chemokines, and immunoglobulins 
that become activated against antigen invasion in combi-
nation with cell cytotoxic processes (1, 3–7, 13).

Lymphocytes located between the gut epithelial cells con-
tribute to surface barrier integrity and regulatory func-
tions, although they can also become pro-inflammatory (20, 
24). These lymphocytes are predominantly thymus-derived  
(T cells), involved in the defense against viruses (17–23). 
They promote regrowth of healthy intestinal epithelial 
cells following cytolysis of epithelial cells during viral  
infection, thereby maintaining epithelial integrity. They 
release gamma interferon and TNF-α as a response to an 
infection, which then stimulate inflammation and intes- 
tinal barrier dysfunction (1, 5, 7, 8, 18, 23, 24). Interferons 
are proteins that form part of the body’s natural defenses 
by signaling any invasion of viruses, other microbes, and 
even cancer cells. They then trigger the production of killer 
immune cells to fight the invaders (18, 23). 

Dendritic cells receive antigens from goblet cells and macro- 
phages and migrate to the draining mesenteric lymph node 
to activate T cells, resulting in either an immune tolerance 
or reactive response. Following activation, T lymphocytes 
can differentiate into different subsets based on their  
cytokine environment: helper T cell (TH)1, TH2, TH17, TH19, 
TH22, and regulatory T cells (Treg) (1, 8, 18). These cells 
are found throughout the lamina propria of the gut, with 
large numbers in Peyer’s patches, the appendix in humans 
and other primates, and other scattered lymphoid follicles, 
and provide an immune defense to protect the body against 
foreign invasion. Having a high proportion of Treg cells or 
gut-associated lymphoid tissue in the intestine compared 
to any other part of the body is crucial for producing  
oral tolerance (1, 18, 23, 24). T cells, which mature in the 
thymus gland, only recognize viral antigens outside the  
infected cells. In contrast, B cells, which mature in the 
bone marrow (or bursa of Fabricius in birds), recognize the  
surface antigens of bacteria and viruses (18–24).

The Thymus
The thymus is a primary lymphoid organ that serves a  
vital role in the training and development of T cells that 
defend the body from potentially deadly pathogens  
including bacteria, viruses, and fungi (3, 6–10). The T  
lymphocytes orchestrate the development of the adaptive 
immune response (Figure 1). An important role of the  
thymus is the induction of central immune tolerance  
(3, 6–10, 19). The thymus starts decreasing in size at birth 
in many species except dogs, cats, and mice, and the area  
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occupied by the thymus is replaced with fatty tissue.  
This process of involution speeds up after puberty such 
that by geriatric age, the body is unable to make new T 
cells (3–8, 12). The thymus gland can involute transiently  
with stress, infections, pregnancy, and malnutrition (3–8, 
24, 26).

More About Early Life Immune Responses 
B cell activation allows antibodies to recognize the Class 
II major histocompatibility complex (MHC) markers. T cell 
activation involves TH cells that recognize Class II MHC 
markers, cytotoxic T cells that recognize Class 1 MHC 
markers, and Treg cells. Further, the regulatory and effec-
tor molecules of the adaptive immune response sustain 
the antigen-antibody binding function that release effec-
tor cytokines (small cell signaling molecules) and their 
specific family of chemokines that direct chemotaxis and 
attract cells to sites of inflammation and infection (1, 3–8, 
24, 26). Examples of important chemokines are the inter-
ferons, interleukins, and TNF-α (6, 7, 13). Equally impor-
tant for this evolution of the early life immune response 
is the protective effect of maternally-derived immunity  
in neonatal dogs and cats, and fetal mice and humans (3–7, 
25, 26). 

Mucosal Surface Immunity
In mammals, IgA secretions provide mucosal surface 
immunity as a mechanical barrier to invasion by for-
eign particles and microbes (Figure 2). Areas include 

sebaceous glands on the body surface, intact skin, tears,  
salivary secretions, sweat, mucous from the nose and 
upper respiratory tract, ear wax, cilia in the trachea, the 
gastrointestinal tract and especially the stomach, and the 
genitourinary tract (7, 12, 15).

The Thyroid Gland 
Thyroid hormones are essential for growth and brain 
development in human infants and all other animals  
(2, 11, 17, 25, 27–30). The formation and maturation of the 
pituitary-thyroid-hypothalamic-axis of newborns begin in 
utero with fetal dependence on maternal thyroid hormones 
early in the pregnancy (26). As the fetal thyroid gland  
begins to produce thyroid hormones in the mid-pregnancy 
period, this maternal reliance decreases and remains at 
lower levels until birth. After birth, placental detachment 
and the environmental temperature change lead to a rapid 
increase in circulating neonatal thyroid-stimulating hor-
mone, resulting in subsequent increases in thyroxine and 
triiodothyronine concentrations. In mothers with auto- 
immune thyroid disorders, placental transfer of maternal 
autoantibodies occurs and can affect the thyroid function of 
the neonatal fetus (11, 17, 25, 27–30). Hypothyroidism is the 
most common endocrine disorder of dogs, and up to 90% 
of cases result from the autoimmune lymphocytic thyroid- 
itis akin to human Hashimoto’s disease that progressively 
destroys the thyroid gland over 12–18 months (6, 27, 28). 
Because this form of thyroid disease is heritable, it has 
significant genetic implications for canine breeding stock.  

Figure 1

Stem Cell Origin of B- and T-Cells and Thymus Gland.

Figure 2

Immunoglobulin A Molecule with Secretory Piece (in blue).
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Accurate diagnosis of the early stages of thyroid dysfunc-
tion and autoimmune thyroiditis offers genetic and clinical 
options for prompt intervention and case management (28). 
Congenital hypothyroidism with goiter has been recog-
nized in Toy Fox Terriers and several other breeds including 
Scottish Deerhounds, Rat Terriers and other terriers, and 
Giant Schnauzers (29, 30). As the thyroid gland regulates 
the  metabolism of all cellular functions, reduced thyroid 
function can produce a wide range of clinical and behav- 
ioral manifestations. Since many of these clinical signs 
mimic those resulting from other causes, recognition of the 
condition and interpretation of thyroid function tests can 
be problematic (15, 27, 28).

An association between aberrant behavior and thyroid 
dysfunction occurs in humans and dogs starting around 
puberty (15, 27, 28). Typical clinical signs in dogs include 
unprovoked aggression towards other animals or people 
(especially children), sudden onset of seizure disorder 
in adulthood, disorientation, moodiness, erratic temper- 
ament, periods of hyperactivity, hypo-attentiveness,  
depression, fearfulness and phobias, anxiety, submissive-
ness, passivity, compulsiveness, and irritability. After  
episodes, most animals appear to come out of a trance-like 
state and are unaware of their bizarre behavior (27, 28). 
Treatment with thyroxine replacement usually corrects 
this aberrant behavior (28).

The normal reference ranges for thyroid analytes of 
healthy adult animals tend to be similar for most breeds 
of dogs. Exceptions are the sighthound and giant breed 
types of dogs which have lower basal levels. Similarly,  
because young animals are still growing and adolescents  
are maturing, optimal thyroid levels are expected to be  
in the upper half of the adult reference ranges (15, 27, 28).

Nutrients Essential for a Healthy Immune System
From the fetus to newborn and onwards through puberty,  
adolescence, and aging, wholesome nutrition is the most 
crucial factor for maintaining human and animal health 
(2, 6, 20, 24, 31, 32). It provides direct and indirect factors  
that promote and sustain the complex immune re- 
sponse. Without good nutrition, the weakened body is 
potentially subject to more infections from pathogenic 
organisms (18, 20, 24, 31–34). Malnutrition and protein 
deficiency of the mother lead to intrauterine growth  
retardation and reduced thymic function such that the  

pediatric offspring have a poor immunological response  
to vaccination (1,8–10, 20, 26, 34).

The creation of immune tolerance, control of inflamma-
tion, and responses to the beneficial bacteria in the micro- 
biome are interrelated and linked to specific immune 
mechanisms (4, 5, 15, 24, 31, 32). Certain nutrients act as 
antioxidants and cofactors at the level of cytokine regula-
tion, whereby a balance between the production of reactive 
oxygen species, free radicals, and endogenous antioxidant 
defense mechanisms is essential (15). Health is achieved 
by understanding molecular, individualized, functional 
nutrition (31–34). Nutrients that play a functional role  
include vitamins D, E, and C, carotenoids (lycopene and 
beta-carotene), plant polyphenols, resveratrol, and others  
(18, 32, 34–40). Omega-3 fatty acids and beta-glucans  
provide essential benefits for growth (15, 36–38).

Foods “speak” to the body at the cellular level, although 
scientists have just begun to understand how diet affects 
the deepest level of cells (30–34). Further, many foods  
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one considers healthy can be sending unhealthy messages  
to genes and the genome (31, 39). Thus, for people and  
the animals we share our lives with, foods should be pre-
selected to promote optimal gene expression and prevent 
intestinal dysbiosis, the dysfunction of the gut microbial 
community (15, 30–34, 36–40). This translates to the need 
for choosing clean, pure, organic foods to avoid health 
problems related to pesticides, genetically modified  
organisms, antibiotics, and other human-made hazards 
such as contaminated foods, toxins, chemicals, heavy  
metals, and foreign objects that infiltrate our food system 
(15, 30–35).

Oral Tolerance to Foods  
Immune responses directed against gut microbiota result 
in inflammatory bowel diseases, “leaky gut,” and ulcer-
ative colitis (33–35, 38). Failure to induce tolerance to food 
proteins is thought to result in food allergy (hypersens- 
itivity) and the more common food sensitivities and glu-
ten intolerance (38). Tolerance to food proteins induced 
via the small intestine affects local and systemic im-
mune responses, although tolerance to gut bacteria in the  
colon does not reduce systemic responses (34). Diagnostic  
assessment of food intolerances is problematic in all  
species, although accurate systems currently utilize saliva 
or feces (31–33, 39, 40). Food allergies can be suppressed 
via a Treg cell pathway after fecal microbiota transplan-
tation (15, 31, 32).

The Microbiome and Health 
The microbiome is the genetic material of all the pro-
karyocytic microbes—bacteria, fungi, protozoa, vi- 
ruses, and archaea—that live on and inside the human and  
animal bodies (15, 24, 31–34). The number of genes  
within the microbes of the microbiome is 200 times the 
number present in the mammalian genome (24). All 
mammals depend on it to stay alive throughout life as  
it protects against infection, breaks down food to  
release energy, and produces vitamins. It is believed by 
some to be present before birth and impacts maternal-
offspring health outcomes, maintains the gut-brain 
axis, and interacts with the immune system. The micro- 
biome plays a role in many diseases, including meta-
bolic disorders, autoimmune and motor neuron diseases,  
autism, and cancers (5, 15, 18, 20–24, 31–37). Observ- 
able benefits include a reduction in the severity of  
eczema and other skin disorders, improved protein  

digestion (measurable by absent or reduced intestinal 
gas) in young humans and animals consuming protein-
rich diets, and alleviation of constipation in seniors  
(15, 33, 34).

Lifestyle and environmental factors such as diet, hygiene, 
exercise, and natural change in the microbiome itself  
impact the composition of the microorganisms that colo-
nize human and animal bodies throughout life (4, 5). Com-
positional and functional alterations of the gut micro- 
biome are associated with multifactorial diseases  
including inflammatory, autoimmune, metabolic, neoplas-
tic, and neurodegenerative (11, 15, 24, 33–36, 38–40). It  
is possible to restore the microbiome to improve health 
and well-being utilizing fecal microbiota transplantation, 
also called microbiome restorative therapy.

Highly diverse microbiome ecosystems are contributing 
factors that support stability, resistance, and resilience 
of the microbial community, which contributes to health 
and reduces the incidence of microbial pathogens. A bal-
anced microbiome improves the quality of life across  
all life stages (35). In that regard, young people and  
animals require the same nutrients as mature and older 
individuals, but in different amounts to support optimum 
growth and development

Functional Foods and Superfoods  
(Targeted Nutrition)
Functional foods are whole foods that have a complex and 
nutrient-rich composition and provide well-being beyond 
what the body needs to survive (36–38). Superfoods are 
usually rich in phytochemicals, known for having disease-
fighting properties (34). Examples include foods calming  
to the gut like prebiotics such as spirulina and inulin 
found in garlic (Allium sativum), chickory (Cichorium  
intybus), burdock (Arctium lappa), and dandelion (Taraxacum  
officinale), and probiotics such as raw green tripe, lacto- 
bacillus, yeast, yogurt, and fermented products such as  
kefir; lactulose to aid digestion; fructooligosaccharides 
and mannanoligosaccharides to promote digestibility, 
especially in the German Shepherd Dog breed; medicinal 
mushrooms including the anti-cancer properties of turkey  
tail (Trametes versicolor), reishi (Ganoderma lucidum), 
cordyceps (Cordyceps sinensis), shiitake (Lentinula edodes), 
and maitake (Grifola frondosa); bee products (honey, propo-
lis, royal jelly and pollen); resveratrol (grapes and Japanese 
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knotweed [Fallopia japonica]); phospholipids (phosphati-
dylserine); immune modulators (beta-glucans); essential 
fatty acids (omega-3 and -6 fatty acids); and medium-chain 
triglycerides such as contained in coconut oil (36–39).

Immune	Deficiency	States
Immune deficiency diseases are a group of disorders in 
which normal host defenses against infection are impaired. 
These include disruption of the mechanical barriers by  
invasion from pathogenic organisms or foreign antigen, de-
fects in nonspecific host defenses, and defects in specific 
host defenses (2, 3, 6, 41–46).

Immune defects occur in mechanical barriers such as 
normal bacterial flora and healthy, intact eyes and skin. 
Primary ciliary dyskinesia, also known as immotile cilia 
syndrome and Kartagener's syndrome, has an autosomal 
recessive inheritance in humans, dogs, and mice. It is char-
acterized clinically by chronic respiratory tract disease, 
male sterility, and middle ear infections that begin in 
early life, and has been reported in at least 19 dog breeds  
(41, 46). About half of affected humans also have situs  
inversus and dextrocardia, a reversal in the location of  
the internal organs and heart.
 
Examples of defects in non-specific host defenses include 
complement deficiency and functional white blood cell 
disorders. Cyclic hematopoiesis is a congenital disorder of 
gray Collies affecting all bone marrow elements. A similar 
condition occurs in humans (41). Cyclical decreases in each 
of the blood cell elements occur at different times within 
the same affected individual, although each cycle’s peri-
odicity remains the same. The defect lies within the bone 
marrow itself, as transplantation of affected dog marrow 
to histocompatible normal dogs produces the disease in 
the normal marrow, and the reverse procedure corrects 
the defect of abnormal dogs. Affected Collies have chronic  
recurrent severe bacterial infections, especially of the  
respiratory and gastrointestinal tracts. Hemorrhage from 
thrombocytopenia also occurs, and affected pups often 
die as neonates, rarely living beyond 3 years of age. Using 
lithium carbonate in affected humans and dogs works well 
to prevent infection and maintain production of hema- 
topoietic cells, but it must be given continuously.

Chediak-Higashi syndrome is an inherited autosomal  
recessive condition of humans, blue Persian cats, and  

Hereford cattle (41). Affected individuals characteristically 
have giant, red-colored lysosomal granules within white 
blood cells and numerous tissues. The hair and eye color  
are diluted because enlarged melanin granules are found in 
the hair shaft and eyes. Congenital cataracts, photophobia, 
and retinal changes are frequent, and there is an associated 
platelet dysfunction and bleeding tendency. Affected cats 
have an increased susceptibility to bacterial infections, as 
their neutrophil chemotactic function is impaired. 

Canine granulocytopathy syndrome was reported in a 
family of Irish Setters with abnormal leukocyte function 
and a leukocyte adhesion defect (41). The flaw is inherited 
as an autosomal recessive trait, and affected dogs have 
life-threatening bacterial infections and a short life span. 
Recurring pyoderma and osteomyelitis are common.

Pelger-Huet anomaly is a benign condition of humans and 
animals not associated with a known clinical problem (41). 
It is transmitted as an autosomal dominant trait. Dog 
and cats have been described as having incomplete seg-
mentation of the nucleus of neutrophils and eosinophils.  
Affected nuclei appear round or bean-shaped. 

Third component of complement deficiency is inherited as 
an autosomal recessive trait in humans, several dog breeds, 
and an inbred strain of guinea pigs (41). Affected dogs  
suffer from increased bacterial infections and septice-
mias, especially involving gram-negative bacteria and 
Clostridia spp. 

Defects in specific host defenses include immuno- 
suppression caused by bacteria, viruses, and parasites, 
and combined immunodeficiency (CID). Severe CID clas-
sically occurs in humans, dogs, and Arabian horses (41, 
43). The horse defect has a greater than 2% frequency 
and is inherited as an autosomal recessive trait. Affected  
Dachshunds in Australia developed fatal Pneumocystis  
carinii pneumonia between 9 and 12 months of age. A  
family of Basset Hounds had a form of CID with X-linked  
inheritance. Affected dogs were prone to viral and bac-
terial infections, especially of Mycobacterium avium. 
These dogs produced only IgM immunoglobulins, had low  
lymphocyte counts, and died at a young age.

Selective IgA deficiency was reported in a large breeding  
kennel of Beagles and is commonly seen in the Chinese  
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Shar-Pei and German Shepherd breeds (41, 42). The Beagles 
had chronic recurrent respiratory tract infections with  
Bordetella, parainfluenza virus, and parvovirus despite 
proper vaccination. Chronic ear infections and derma- 
titis were also present, and occasionally animals developed 
seizures. Each of these clinical manifestations also occurs 
with human IgA deficiency, in which serum levels of IgA  
are undetectable or very low, but immunoglobulins and  
T cell function are normal. Respiratory infections in these 
dogs were attributed to inadequate secretory IgA levels  
at mucosal surfaces. Affected Shar-Peis had recurrent 
staphylococcal dermatitis, demodectic mange, thyroid dis-
ease, otitis externa, flea allergy, cystitis, food intolerance, 
bronchitis, and atopy (2, 42).

Growth hormone and immune deficiency were described 
in a colony of inbred Weimaraners with congenital growth 
hormone (GH) deficiency, a small thymus, and deple-
tion of T lymphocytes. Affected dogs were immunode-
ficient dwarfs that exhibited a wasting disease, unthrif- 
tiness, recurrent infections, and retarded growth. German  
Shepherd Dogs with this disorder have a combined defi-
ciency of GH, thyroid-stimulating hormone, and prolactin, 
requiring GH to help support and improve their immune 
health (46). A parallel syndrome is recognized in immuno- 
deficient dwarf mice. When treated with bovine GH or  
a thymus gland extract (thymosin), affected pups re-
sponded dramatically by growing and developing normal  
T cell lymphocyte responses.

Lethal acrodermatitis is an autosomal recessive condition 
of English Bull Terriers and results from impaired absorp-
tion and metabolism of zinc (41). Affected pups are lighter  
in color at birth and develop diarrhea and recurrent  
respiratory tract and skin infections. The footpads  
become crusty and crack, nails are incompletely formed, 
and purulent dermatitis affects the feet and body orifices. 
Skin biopsies show changes characteristic of zinc deficiency. 
Impaired T cell function occurs, and serum zinc levels are 
usually low. Zinc supplementation does not appear to help, 
and affected animals usually die by 15 months of age (41).

Immune Hypersensitivity 
Hypersensitivity reactions can be divided into 4 types  
(1, 13, 19, 41, 47). Type 1 includes common immune dis- 
orders such as asthma, allergic rhinitis, eczema, urti- 
caria, and anaphylaxis. Types 2 and 3 involve autoimmune 

or low-affinity antibodies; T cells play an accomplice role, 
and TH2 cytokines promote them. Type 4, delayed hyper-
sensitivity, is caused by over-stimulation of lymphocytes 
and macrophages via TH1 cytokines, resulting in chronic  
inflammation and cytokine release. All these reactions can 
occur in the very young (13, 19, 25, 47, 49). 

Autoimmunity 
An imbalance between pro-inflammatory and anti- 
inflammatory immune components can lead to autoimmune  
conditions, which reflect the failure of self-tolerance 
(47–49). The body’s immune system is genetically pro-
grammed to attack its own tissues mistakenly. Some of 
the more common immune-mediated disorders include 
the hematological conditions of hemolytic anemia and 
immune thrombocytopenia (a combination known as  
Evan’s syndrome in people and dogs), hemolytic disease 
of the newborn (like Rhesus blood type incompatibility 
in infants, or the equivalent blood type incompatibilities 
in foals, puppies, or kittens), immune-complex glomerulo-
nephritis, autoimmune thyroiditis in dogs akin to human  
Hashimoto’s disease, and Addison’s disease in several 
dog breed families. The combination of thyroiditis and  
Addison’s disease in people, called Schmidt’s syndrome, 
also occurs in dogs (2, 27, 47). 

Mercury-induced inflammation is also called ASIA, the  
autoimmune/inflammatory syndrome induced by ad-
juvants. It causes autoimmunity, including thyroiditis,  
multiple sclerosis, immune-complex kidney diseases, 
chronic fatigue syndrome, and myalgia (2, 27, 28, 47–50). 
Mercury is still used in dental fillings and as the preser-
vative thimerosal in rabies and other vaccines (14, 48–51). 
Nickel, gold, silver, aluminum, and chromium appear to 
function similarly (48–51). Immunomodulation and aller-
gic, delayed hypersensitivity have been reported and can 
manifest as contact dermatitis and other signs. Genetic 
predisposition is involved in animals and likely in people, 
and predisposing factors include the patient’s endocrine 
status and chronic infections (1, 2, 48).

Vaccines and Vaccinosis 
Modern vaccine technology has afforded effective pro-
tection of humans and other species against serious  
infectious diseases (13, 14, 16, 27, 47, 62). More lives have 
been saved, and more livestock and companion animal health 
and productivity have been safeguarded than any other  
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medical advance (14). Smallpox has been eradicated, as has 
nearly all polio and measles in people. Endemics of canine 
distemper virus, infectious hepatitis virus, adenovirus, and 
parvovirus have been significantly reduced, although not in 
wildlife reservoirs. Feline panleukopenia virus, a devastating  
parvovirus disease of cats, has been mostly controlled,  
except in areas with a surfeit of stray cats and some purebred 
catteries. Rabies and foot and mouth disease no longer exist 
in Europe, and Rinderpest has been eradicated in Africa (14).

This advancement brings an increased risk of adverse  
reactions (vaccinosis), some serious, chronically debili- 
tating, or even fatal (14, 47, 62). Thus, the benefit needs to 
be more effectively balanced against the risk. Only about 
40% of veterinarians are estimated to follow the cur-
rent World Small Animal Veterinary Association, AVMA, 
AAHA, Canadian Veterinary Medical Association, or British  
Veterinary Association vaccine policy guidelines (14).  
Despite comments by some colleagues and the public, 
there is no such thing as an “up to date” or “due” vacci- 
nation. More animals in the community need to be  
vaccinated to increase the degree of herd (population)  
immunity to the required minimum of 70–80% to protect 
the rest of the group that are unvaccinated for communi-
cable diseases. Concerned veterinarians also can offer sep-
arated vaccine components, since the published data show 
more adverse reactions when multiple vaccines are admin-
istered together (14, 27, 47).

Adaptive immunity to viruses develops before that of 
bacteria, fungi, and parasites and is highly effective  
(12, 17–23). Animals adequately immunized against the  
clinically important viral diseases have sterilizing  
immunity that not only prevents clinical disease but 
also eliminates infection (56). The duration of immunity  
generated is long-lived and often lifelong (13, 25, 55, 62). 
Only the presence of antibodies can prevent infection, 
such that an animal with a positive serum antibody test 
is protected. Vaccinating that animal would not cause a 
significant increase in the antibody titer, and hypersen-
sitivity to vaccine components (eg, fetal bovine serum) 
may develop. Furthermore, the animal does not need 
to be revaccinated, and revaccinating could cause an  
adverse reaction or hypersensitivity disorder (13, 14, 47).

Vaccine adjuvants act to accelerate, prolong, or enhance 
antigen-specific immune responses (41–62). They are  

added into vaccines to improve their immunogenicity, 
but this increases the risk of autoimmune and inflam-
matory adverse events following vaccination. While  
killed, inactivated vaccines containing adjuvants make  
up about 15% of the veterinary biologicals given,  
they have been associated with 85% of the post- 
vaccination reactions, primarily because of the adverse  
effects of the adjuvants (14, 41, 62). Simultaneous adminis- 
tration of even 2 to 3 adjuvants can overcome genetic resis-
tance to autoimmunity (49). Adjuvants impact the CNS by  
changing gene expression, resulting in impaired brain develop- 
ment and immune function. This is of particular concern for 
children and young animals (41, 61). Vaccines and their ad-
juvants have been implicated as triggering events for those 
host individuals carrying the genetic predisposition to  
adverse vaccine reactions (47). These vaccinosis events 
are well-recognized to affect humans, companion animals,  
domestic livestock, and wild and zoo animal species. 

For neonates, infant children, young companion animals, 
and livestock, there is an urgent need to remove heavy 
metals like aluminum and mercury from vaccines (48–51).  
Currently, neonatal children receive 17 times more  
aluminum from vaccines than allowed if doses were  
adjusted for body weight (50). Weight is ignored in hu-
man vaccine dosing, as the priority is to enhance immune  
efficacy by adding heavy metal adjuvants. Experts now 
urge that aluminum and mercury not be given in infant 
vaccines until after brain maturation (6–7 months of age 
but preferably 12 months) (48–52). Experts also recom-
mend that heavy metal and other adjuvants like squalene 
and monophosphoryl A be removed when other additives 
like zinc and calcium phosphate can be used instead. How-
ever, zinc can cause skin irritation and even tissue necro-
sis at the injection site (48–51). 

Sugar-like molecules such as inulin, curdlan, and trehalose 
have recently been shown to be safe and effective vaccine 
adjuvants when given in the first 4 weeks of human infant 
life (51–52). The discovery and implementation of novel 
adjuvants to enhance the immune response to vaccines 
should be encouraged, although the need for more effec-
tive quality control of contaminants is paramount (52, 53).  
The more recently available and developing recombinant 
DNA and RNA vaccines circumvent this problem. The  
environmental impact of shed vaccines should also be recog- 
nized and addressed. The common practice of over-loading  
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the young infant and animal with multiple vaccines 
needs to be curtailed, as they are often given even 
when the infectious disease agents they are directed  
towards are rare or no longer present (14, 50). The mis-
taken belief that the typical combination vaccine cocktail 
given to companion animals is necessary and safe needs to 
be re-examined in light of the numerous scientific reports 
and relevant recommendations of expert groups. Alterna-
tives to automatically giving booster vaccinations to prop-
erly immunized individuals include spacing vaccine boost-
ers from annually to every 3 or more years and measuring 
serum antibody titer levels periodically instead (14, 50).

Serum antibody titer testing assesses the immunologic  
status of animals against the clinically significant infectious 
diseases, determining if vaccine boosters are required or 
advisable (14, 25, 54–56, 58–62). Protection against these 
viral diseases of companion pets is indicated by a positive 
titer result, and once an animal’s titer stabilizes, it should 
remain constant for many years. Viral vaccines prompt an 
immune response that lasts much longer than that elicited 
by protein molecule antigens (14, 19, 56). Further, any meas- 
urable antibody level reveals the presence of committed 
immune memory cells that respond immediately with an 
anamnestic response to protect the individual from that  
infectious agent (14, 25). Titer measurements also deter-
mine if an individual vaccine is effectively immunizing 
animals (56). A negative result usually means a failure to 
reach the threshold of providing sterile immunity. However, 
a negative titer is not the same as a zero titer, and the animal 
may be protected by the other arms of the immune system 
such as secretory and cell-mediated immunity (14, 25, 56).  
Published studies show that 90–98% of properly immu-
nized dogs and cats have measurable titers (14, 19, 25, 56).

Factors Affecting Vaccine Responses
Published studies have found several factors that affect  
the immune response to vaccines (14, 55–62). These  
include the virus strain used to create the vaccine; pet size, 
with smaller pets generating higher serum antibody titers 
than the larger and giant breeds; age, as very young pets 
and infants do not mount vigorous antibody responses, 
especially when vaccinated in the presence of residual  
maternal immunity or when iron deficient; the number 
of vaccines given; and duration of immunity (14, 41, 62). 
Varying degrees of serologic antibody responses were 
found depending upon the dog or cat breed types and 

gender in humans and pets, with the heightened immune  
responses in females providing stronger vaccinal immu-
nity but predisposing them to more immune-mediated 
disorders than males (41, 62).  

Recommendations for Vaccinating  
Puppies and Kittens 
Puppies should receive modified-live virus or recombinant 
“core” vaccines (canine distemper, adenovirus, and parvo- 
virus), preferably either at 9–10 and 14–16 weeks of age 
(minimum protocol), or at 9, 12, and 16–18 weeks. As infec-
tious hepatitis is rarely seen as a clinical entity anymore 
in North America, it can be omitted from the puppy “core” 
vaccines, especially considering its addition to the vaccine 
given to young puppies causes suppression of their immune 
system for up to 14 days (13, 14). Kittens can be immunized 
earlier at 8 and 12 weeks of age, as their immune systems 
mature earlier (14, 27, 47). 

Rabies vaccines for dogs are all adjuvanted killed prod-
ucts. They are given as required by law, preferably  
always separately from other vaccines and as late as  
legally allowed, usually after 20-24 weeks of age. Rabies 
vaccines that do not contain thimerosal or other heavy 
metals are preferred and safer, and vaccines with adju-
vants like gentamicin and amphotericin B are available 
(61, 62). Cats have the option to receive non-adjuvanted 
recombinant rabies vaccines (14).

Other vaccines for puppies are optional, depending on 
the circumstances and local disease risk (14, 25, 47, 
51). Leptospirosis vaccines protect against only 4 of 
the 7 clinically significant serovars and are second to  
rabies vaccines in their risk of hypersensitivity and other  
adverse effects (14, 16, 58). A 2015 study that examined, 
and displayed in a table, owner-reported adverse events 
following leptospirosis vaccines found dogs that received a 
4-serovar vaccine had a significantly higher incidence rate 
of adverse events than for dogs receiving any other vac-
cines (12). Therefore, the preferred use of this vaccine is in 
endemic clinical exposure risk areas. 

Following the primary response to an initial antigen or 
vaccinal exposure, a secondary, much larger, immediate  
response occurs to protect the individual (Figure 3).  
Between 10–14 weeks of age, socialization can occur in the 
back yard or at pet training classes with known friends 
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From The Literature

Methylmercury Epigenetics

Heavy metals such as methylmercury can elicit toxicity 
by disrupting the body’s epigenetic programming and 
targeting the developing nervous system (1). The resulting 
epigenetic modifications effect heritable changes in gene 
expression without causing DNA sequence mutations. 
Such modifications include variation in microRNA 
expression, histone acetylation or methylation, and DNA 
hypo- or hypermethylation. MicroRNAs are important, 
non-coding RNA molecules that control post-transcription 
gene expression.

Methylmercury can cross the placental barrier, and its 
exposure causes characteristic neurobehavioral deficits 
which are thought to have epigenetic foundations. Of 
greater concern is the fact that exposure not only affects 
the mother and child, but also alters the next generation 
germline. Thus, the transgenerational inheritance of 
methylmercury-induced epigenetic modification could 
occur. Humans and potentially other species are primarily 
exposed to methylmercury through the consumption of 
contaminated seafood (1). 

The studies in this review examined both the in vitro 
and in vivo effects of methylmercury exposure using 
invertebrates, zebrafish, mice, rats, mink, and humans 
(1). Although there is a lack of mercury-only exposure 
studies in mammals, rodents in one study were exposed 
to both methylmercury and cadmium. The in vivo results 
confirmed the epigenetic modifications seen in vitro in 
neural and cortical stem cells from the brain. Although the 
zebrafish demonstrated visual defects and hyperactivity 
in the F2 generation, in mice transgenerational inheritance 
was affected. Impaired glucose tolerance was seen, 

especially in male mice descended from the maternal line, 
whereas female descendants showed minimal effects. 
Exposed male mice had more adipose tissue, but females 
had increased kidney weight, supporting previously 
observed sex-specific effects of mercury exposure.

In studies of human mother-infant pairs, the exposure 
biomarkers for methylmercury have been assessed in 
maternal hair and urine, maternal and infant toenails, and 
infant cord blood. Single gene expression changes were 
seen in infant cord blood, and hypomethylation was noted 
in infant but not maternal toenails. Hypomethylation has 
been demonstrated in male dentists and hypermethylation 
found in women undergoing in vitro fertilization. Unlike 
the animal studies, human in vitro data has not always 
correlated with the in vivo findings (1). 

Lastly, exposure to heavy metals, especially salts of mercury 
and aluminum, occurs in humans and other species that 
receive adjuvanted vaccines (2). These exposures are 
of increased concern for the health of humans, pets, and 
livestock. Particularly worrisome is the fact that infants 
and young children throughout the world receive a series 
of multiple inoculations that include high quantities of 
mercury and aluminum (2).

Culbreth M, Aschner M.
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From The Literature

Duration of Immunity After Rabies 
Vaccination in Dogs: The Rabies 
Challenge Fund Research Study

The duration of immunity in dogs receiving licensed 
rabies vaccines was determined in a prospective study of 
65 research Beagles kept in a rabies-free environment (1).  
The ultimate goal was to extend mandated rabies booster 
intervals to 5 or 7 yr and help reduce the risk of vaccine-
associated adverse events. Beagle puppies were vaccinated 
with either 1 of 2 commercially available adjuvanted rabies 
vaccines (“Vaccine A” and “Vaccine B”) or saline at 12 and 
15 wk of age. Starting 5 yr 5 mo later, the vaccinated and 
control unvaccinated dogs were challenged with virulent 
rabies virus and observed for 90 days in a series of 3 
trials. Serology and flow cytometry data were obtained to 
assess their humoral and cellular immune responses. After 
humane euthanasia, the brain tissue from all challenged 
dogs was tested for rabies virus. 

Challenge trial 1 data, which included dogs vaccinated with 
Vaccine A 6 yr 10 mo previously and Vaccine B 5 yr 5 mo 
previously, were invalid as the rabies challenge virus was 
insufficiently virulent; only 2/5 unvaccinated control dogs 
showed signs of rabies virus infection. In trial 2 which tested  
dogs vaccinated with Vaccine A at 8 yr 0 mo previously and 
Vaccine B 6 yr 7 mo previously, virulent challenge virus 
caused 100% mortality in the unvaccinated controls. The 
vaccinated dogs in trial 2 had 20% survival (1/5) in the  
Vaccine A group and 80% survival (4/5) in the Vaccine B group. 
Similarly, 100% mortality was observed in the control dogs 
in trial 3, in which 10 dogs previously given vaccine A were 
boosted with either Vaccine A or Vaccine C, a non-adjuvanted  
recombinant feline product licensed for 3-yr duration of im- 
munity. The rabies vaccinated dogs in trial 3 had 80% sur-
vival (4/5) after 6 yr 7 mo, 50% (6/12) after 7 yr 1 mo,  
and 20% (1/5) after 8 yr.   Rabies antibody levels measured 
12 d post-challenge using the Rapid Fluorescent Focus  
Inhibition Test correlated strongly with survival. In a  

separate non-challenge trial, administration of either a re-
combinant or a killed rabies vaccine demonstrated memory  
antibody responses 6 yr 1 mo after initial vaccination,  
compared to those of unvaccinated controls.

The Rabies Challenge Fund data demonstrated that duration 
of immunity to rabies in vaccinated dogs extends beyond 3 
years; anamnestic antibody responses can occur to virulent 
challenge in vaccinated dogs with serum antibody titers of  
0.1 IU/mL (with >/= 0.5 IU/mL considered “protective”); 
and non-adjuvanted recombinant rabies vaccine induces 
anamnestic antibody responses in previously vaccinated 
dogs 14 d after administration. The study also showed that 
protection against rabies persists in the absence of annual 
or triennial re-vaccination and that rabies antibody testing 
of individual pets remains the most important protective 
factor against rabies virus infection, as it correlates highly 
with protection or susceptibility. Further studies are needed 
to determine the protective antibody threshold for rabies 
vaccinated dogs.

These data serve as a foundation that merits further studies 
in order to license a rabies vaccine with a vaccination 
interval of 5 to 6 yr; develop and license a recombinant, 
non-adjuvanted canine rabies booster vaccine as exists 
for cats; and establish a protective serum rabies titer 
standard for dogs. These data also support the dual goals 
of providing better and safer rabies vaccination of pet dogs 
as well as improved public health security.

Dodds WJ, Larson LJ., Christine KL, Schultz RD.

Summary by W. Jean Dodds, DVM
Editorial Committee

Reference

1. Dodds WJ, Larson LJ, Christine KL, Schultz RD. Duration of 
immunity after rabies vaccination in dogs: The Rabies Challenge 
Fund research study. Can J Vet Res. 2020;84(2):153–158.



56    AHVMA Journal  •  Volume 61 Winter 2020

Healthy adult humans and animals display gender dif-
ferences in immune responses to a variety of challenges 
from inflammatory and infectious diseases, vaccines, 
and the function of the microbiome (1, 2). While females 
are more susceptible to inflammation and autoimmune 
disorders, males suffer more from asthma and type 1  
diabetes. Intestinal barrier function and integrity also 
differ between the sexes and could play a role in the com-
mon inflammatory bowel conditions. These differences 
have been attributed not only to sex steroids that bind to 
immune-related cells and impact their function but also 
to non-endocrine-related genes, as significant numbers 
of immune-associated genes are located on the X chromo-
some (1). Sex dimorphism of intestinal microbiota exists 
in humans and other species (mice, pigs) and may have 
a genetic basis. As the very young are more susceptible 
to enterocolitis and sepsis, gender differences at that age 
should become an essential component of diagnosis, clin-
ical management, and therapy. 

Until recently, little attention has been paid to the develop-
ment of immune responses and disorders in the young (1).  
This study assessed the development of immune function 
and response to novel antigen exposure in piglets, which 
are commonly used as models for infants, and examined 
sex differences as related to immune system develop-
ment in very young humans and animals (1). Sex dis-
parity was found as female piglets had higher numbers  

of regulatory T cells as well as fewer antigen-presenting 
cells and less expression of the major histocompatibility 
complex at 28 days of age compared to males. Further, 
when exposed to ovalbumin, soy, inulin, starch, and pre-
biotic and probiotic bacteria of the gut microbiome, fe-
male piglets expressed significantly greater systemic an-
tigen responses and produced more IgA and IgM in their 
mesenteric lymph nodes than did male piglets. Interest- 
ingly, the males produced more IgA and IgM in their  
cecal mucosa. Thus, when studying young individuals, it  
would be important to distinguish results between  
females and males when planning and studying nutri-
tional interventions. This distinction should provide a 
more accurate approach to optimizing treatments and 
preventative strategies that could reduce the risk of  
development of immunological disorders in later life. 
More specifically, prebiotics, probiotics, and other func-
tional foods need to be targeted across the age and sex 
spectrum of individual humans and animals to achieve 
optimum health benefits.

From The Literature

Sexual Dimorphism in Immune 
Development and in Response 

to Nutritional Intervention  
in Neonatal Piglets

Christoforidou Z, Mora Ortiz M, Poveda C, Abbas M, Walton G, Bailey M, Lewis MC.
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Due to the advent of genetically modified crops, glypho-
sate use has grown globally since its discovery in 1950. It 
is now the most commonly used herbicide on earth and 
one of the most controversial agricultural toxins in the 
scientific world. Its herbicidal qualities were discovered in 
1970 and patented by Monsanto. The International Agency 
for Research on Cancer categorized it as a definite animal 
carcinogen and a potential human carcinogen. To be regis-
tered as a pesticide, many countries require 2-year carcino- 
genicity studies. These studies have been reviewed by 
multiple international regulatory agencies that officially 
ruled an absence of evidence linking glyphosate exposure 
with animal or human cancer, but these rulings have come 
under fire with the discovery of faulty statistical analysis 
and a case of outright fraud (2). 

This author summarizes and reviews evidence from 13 
studies that meet the quality test for use in such a review. 
Reanalysis reveals 37 significant tumor findings. The 
strongest data evidence supports a carcinogenicity link 
to hemangiosarcoma, kidney tumors, and malignant lym-
phoma in male CD-1 mice; hemangiomas and malignant 
lymphoma in female CD-1 mice; hemangioma in Swiss  
albino mice; kidney adenomas, liver adenomas, skin  
keratoacanthomas, and skin basal cell tumors in male 
Sprague-Dawley rats; adrenal cortical carcinomas in  
female Spague-Dawley rats; and hepatocellular adenomas 
and skin keratocanthomas in male Wistar rats (1). 

Monsanto was purchased by Bayer for $63 billion in 
2018. Announcements of major lawsuits caused a 20% 
drop in Bayer stock in August 2018. The company is now  
involved in thousands of lawsuits over this unresolved issue  
involving over 40,000 plaintiffs. While the Environmental  
Protection Agency and Bayer attorneys hold that  
Roundup® does not cause cancer, the jury found in  
favor of the plaintiff for damages, adjusted by the court, of  
$83 million (3). Considering the wide exposure of animals 
and humans and the observed incidence of such tumors  
in our domestic companion animals, it seems important 
that further, more definitive efforts are undertaken to 
evaluate the true safety of chronic, lifetime exposure to 
this herbicide, both as a separate molecule and in combi-
nation with its commonly used carriers and other agents 
that might have synergistic effects. These studies are of 
imperative importance in scientific, regulatory, ethical, 
and legal circles.

From The Literature
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Chronic Wasting Disease (CWD) is a prion disease that 
affects cervids, most notably white-tailed deer (WTD), 
as well as elk, reindeer, and moose. It is an incurable, 
contagious, neurologic disease that leads to emaciation,  
abnormal behavior, loss of body function, and ulti- 
mately death. As WTD are seemingly ubiquitous in North  
America and valued in game hunting and farming, this 
disease has been gaining more notoriety. 

Specific mechanisms involved in CWD transmission are 
still unclear; possible anthropogenic causes have been 
postulated in a recent paper in this Journal (1). Predator 
control, livestock encroachment, and ecological dysbiosis 
are several factors that may play a role in CWD prevalence. 
The use of herbicidal glyphosate may also be linked to pro-
longing the viability and longevity of prions within the 
soil (1). The role of sexual transmission has not been thor-
oughly investigated. This study explored the presence and 
load of CWD prions in semen and male sexual tissues in 
WTD bucks using Protein Misfolding Cyclic Amplification. 
Post-mortem samples were obtained from farmed pre-
clinical, CWD positive WTD bucks with polymorphisms at 
position 96 of the PRNP gene. Results yielded a sensitiv-
ity of 59.3% and a specificity of 97.2%, indicating that the 
presence of CWD prions in male sexual organs and fluids 
is prevalent in late-stage, pre-clinical, CWD-infected WTD 
(2). Based on these findings, it is possible that sexual con-
tact, including artificial insemination, could be an avenue 
of transmission in susceptible species.

The results of this study provide a possible option of sub-
mitting testicles for testing that might prove to be less 

costly and labor-intensive for hunters and lab person-
nel. Testing for CWD currently varies by state, but hunt-
ers are strongly encouraged by the CDC to submit their 
samples for evaluation prior to eating any meat. Hunters 
must familiarize themselves with where and how to send 
samples and know which tissues are appropriate for sub-
mission. The cost of testing also varies by state and can 
be a deterrent for hunters, especially when unfamiliar 
with local requirements.

Currently, the obex of the brain stem and retropharyn- 
geal lymph nodes are tested with immunohisto- 
chemistry, and hunters can submit an entire deer head for  
testing (2). However, if submission of testes can be an 
option, this might help improve testing compliance and 
reduce cost. With future research and development, it 
might be possible for hunters to test their meat prior 
to consumption, which could potentially decrease turn-
around time for results. Other than cost, time, and ease 
of testing, it is important to be cognizant of test reliabil-
ity, especially as this disease is incurable and fatal. While 
it is still yet to be determined if CWD can cross over to  
humans, it is highly encouraged that hunters confirm 
their meat is CWD-free prior to eating. 

From The Literature

In Vitro Detection of Chronic Wasting Disease 
(CWD) Prions in Semen and Reproductive Tissues of 
White Tailed Deer Bucks (Odocoileus virginianus)

Kramm C, Gomez-Gutierrez R, Soto C, Telling G, Nichols T, Morales R.
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Fax:	410.569.2346		|		Phone:410-569-0795	|		Email:office@ahvma.org

submit completed application

AAHHVVMMAA220022
September 10 - 13 

Hilton West Palm Beach

West Palm Beach, FL
P

The	AHVMA	Office	maintains	an	online	referral	directory	for	Member	Veterinarians,	which	lists	all	contact	information	and	modalities	practiced.	It	is	
available to the public online at www.ahvma.org. If you are a Licensed Practicing Veterinarian who currently utilizes at least one holistic modality, are ac-
cepting new clients, and would like to be included in our referral directory, we request that you complete the form below. The accuracy of the information 
provided	is	your	responsibility.	If	any	of	your	information	changes,	you	must	submit	a	new	form	or	update	your	profile	online.	

Dues must be current by April 1st each year to remain on the directory, though we allow a 30-day grace period before your listing is removed. 

Please type or print CLEARLY. Fill in all information you wanted listed in the directory. Remember, this is referral information, so the contact information 
you give should be related to your business (in other words, don’t list your home address or phone number unless you want it in the directory.). Check all 
of the “Practice Type” and “Modalities Used” categories that apply to you. 

referral directory

name

clinic name

address

phone

fax

email

city state/province zip/postal country

website

practice type small animal equine exotic avian large animal house calls 

modalities used

Acupuncture

			certification (check all that apply)

 Chi Inst CuraCore     IVAS   Other:

Applied Kinesiology

Aromatherapy

Bach Flower Remedies

Chiropractic

certification (check all that apply)

 AVCA CSU HOWC 

Clinical Nutrition

Color Therapy

Conventional Medicine

Essential Oils

Flower Essences

Herbs, Chinese

Herbs, Western

Glandular Therapy

Homeopathy

 (check all that apply)

Classical	 AVH	Certified	

Homotoxicology

Immuno-Augmentive Therapy

Laser Therapy

Magnetic Therapy

Massage Therapy

Nutraceuticals

Nutrition

Osteopathy

Ozone Therapy

Prolotherapy

Pulsating Magnetic Therapy

Reiki

Veterinary NAET

Veterinary Orthopedic Manipulation

Other:

Optional Information 

Do	you	have	any	Board	Certifications?

If yes, please list:

www.ahvma.org

AHVMA is a 501(c)(3) organization. Your dues and donations may be tax deductible; please check with your accountant. 

AHVMA Member Benefits

In addition to inclusion in the AHVMA online referral directory 
Member Veterinarians receive the following benefits: 

• Deeply Discounted Registration to AHVMA Conferences

• Representation in the AVMA House of Delegates

**You will be required to log in to access benefits below**

• Access to Natural Standards Database (over a $200 value)

• Members-only webpages

• Unlimited Online Access to JAHVMA
(Journal of the American Holistic Veterinary Medical Association)

• Annual Conference Proceedings 
(includes access to archived proceedings)

• AHVMA e-Newsletters

• AHVMA Member Vets in the contiguous US receive discounted 
titer testing from the Kansas State University Veterinary 
Diagnostic Lab (KSVDL). 

Your membership pays for itself. AHVMA dues are approximately 100% return on investment for each client referral. 

Save the Dates

JA
H

V
M

A
 #

61
–2

02
0

http://www.ahvma.org


AHVMA Journal  •  Volume 61 Winter 2020    61

Hello members of the AHVMA. I am  
deeply honored and truly grateful for 
becoming the 2020-21 AHVMA presi-
dent. It’s a privilege to serve this amaz-
ing organization because of the caliber 

of people I will be representing. We continue to define 
the mission of innovation, education, and advocacy of  
integrative veterinary medicine by engaging in this year’s 
Conference on a virtual platform. 

2020 has been an eye-opening wake-up call on the human 
medical front. Fortunately, as veterinary practitioners, we 
understand that healing from this epidemic includes the 
physical, emotional, and energetic modalities that we prac-
tice as well. I have a feeling that the holistic mindset is what 
will continue the healing and protection of our planet. 

Our Association is driving this by debating, critiquing,  
researching, and publishing. Our members, sponsors, ven-
dors, and committees are embracing and utilizing the rele-
vant, diverse, cutting-edge modalities of holistic medical care. 

I would like to recognize our educators and support indi-
viduals. To those who have been educating us this week 
through video lectures, your contributions bring us the 
most current and relevant research and knowledge avail-
able. And to those who have served this past year on  
committees as elders or as a representative to another 
association: You serve as our disciplined experts, advi-
sors, and communication links. Without you, we would 
not be able to accomplish our mission. 

I would like to encourage all members to actively partici-
pate in the organization, whether it’s joining a commit-
tee, lecturing, or especially, supporting our new members  
and students. You’ll find that participation benefits your 
skills, practice, and energy as well.  

Lastly, I’d like to thank Dr. Sivula for his hard work and 
dedication to the Association this past year and Dr.  
Emely and the AHVMA staff for staying on top of the  
weekly Conference and hotel readjustments due to the  
coronavirus. I know it has been a frustrating and discour-
aging year, and making our Virtual Conference so success-
ful has been an extraordinary feat. Hopefully all of you  
have remained healthy, happy, and successful as well.

I am the next in line of dedicated professionals who have 
served as president of the AHVMA. For the time that I 
serve, I pledge to continue the important and valued work 
of those that came before me. I will represent the AHVMA 
membership professionally. I will foster and encourage 
growth of our extraordinary organization of experts. And 
I will be of service to as many members as I am able.

Thank you to everyone for participating in our first Virtual 
Conference and Exhibition. I declare the annual business 
meeting adjourned and Conference closed. We look for-
ward to seeing everyone in Reno next year. 

Namaste.

AHVMA President’s Acceptance Speech

Colleen Smith, DVM

Reminder to all registered attendees of the 2020  
AHVMA Virtual Conference and Exhibition: Lectures  
and Special Presentations are only available until 
December 31, 2020. If you wish to view a lecture 
or special exhibitor presentation from the 2020  
Conference, please do so before the end of the year. 
Veterinarians wishing to obtain CE for the credited 
lectures will need to take a short quiz after viewing  
each lecture. Once you have taken the quizzes, they 

will be assessed by AHVMA headquarters, and a CE 
certificate will be provided to you. To view lectures and 
special exhibitor presentation: 
www.ahvma.org/ahvma-2020/

If you have not signed up for the Conference lectures 
but would still like to earn CE before the end of the year, 
you will need to register prior to accessing the lectures:  
www.ahvma.org/conference-registration/

REMINDER
Time is Running out to View Lectures and Earn CE

https://www.ahvma.org/ahvma-2020/
https://www.ahvma.org/conference-registration/
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Council of Elders

Holistic veterinarians are committed to the physical, 
mental, and spiritual health of their patients, clients, staff, 
family, and themselves. Three practitioners share how 
their clinics have responded to the challenges presented 
by the pandemic. 

Richard Palmquist knows that relationships are our 
greatest tool. “We communicate, we touch in order to find 
where energy is flowing and where it is stagnant, so healing 
can happen. COVID distanced our contacts and filled us 
with fear and worry. We had to work in genuine risk of being 
harmed or harming our clients. 

"It took time and healing principles to adapt, learning to 
touch and share six feet away and from behind masks. Our 
23 team members united to pursue our mission to love and 
heal animals and their communities.

"We chose love over wealth. We chose health over overwork. 
We recognized that we could not do all things. We changed our 
office hours to Monday–Friday 8 a.m.–5 p.m., with nap time 
from noon–2 p.m. Saturday and Sunday are for self-care.

"Every day we are grateful for each other. We are not part 
of the 40 million unemployed. We are out in the world 
practicing and contributing. We are blessed."

Jim Clark said, “The biggest change is adding telemedicine 
video calls. I never wanted to do an exam without touching 
the animal and the human. Now I’m amazed at how 

valuable these calls can 
be. We see each other’s 
face and mood. Clients can 
direct their cameras into 
every body part—“Oh, 
so that is the lump.” I can 
see the animal’s attitude 
and gait in her normal 
environment. I can watch 
the reaction to palpation.

“I can do much more than I expected. The clients love  
this interaction—it saves them a stressful trip. It’s a fine 
"first triage" step. In about half the cases, we come to  
a tentative diagnosis and treatment. The other half I  
refer to the clinic for diagnostics. I feel this is good 
medicine and perhaps should become the standard for 
the first line of care.

“Another benefit is taking time every morning to share 
coffee with my wife.”

Angel Mitchell first thought the pandemic would last only 
a couple of months. “We cut back, saw fewer clients, and 
were afraid. Information changed daily on protection. We 
learned to be fluid, communicated more with our team, 
and asked what they needed to feel safe.

“Eventually we went to curbside, though it seems to 
create more work. It’s harder communicating over the 
phone, our patients are terrified to come in without their 
parents, and working with a mask on all day long just 
seems to take it out of you.

“Ninety percent of our clients have been incredible.  
They bring us treats, buy us lunch, and just thank us for 
being there. 

“There’s a lot to learn from this pandemic that will help 
in the future. We are one multifaceted organism working 
together with a common goal. We have tried new protocols 
that may be better, even after COVID-19."

Council of Elders Members  
Respond to COVID-19

By Christina Chambreau, DVM 

Jim Clark on a Zoom call

Dr. Mitchell's staff
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ACVBM Update

The American College of Veterinary Botanical Medicine 
(ACVBM) is dedicated to the education and training of 
veterinarians to become the best possible clinical vet-
erinary herbalists. This year ACVBM held its joint con- 
ference with the VBMA virtually, October 24–25, 2020.  
Lectures were live-streamed, with opportunities for  
attendees to have real time interactions with each other 
and the speakers, as well as participate in a virtual trade 
show. Even though we could not hug, we had a great time 
catching up with each other! All lectures will be avail-
able online for three months for on-demand listening.  
See www.acvbm.org for more information. 

Medical Herbalist Chanchal Cabrera presented a lec-
ture entitled, "A Materia Medica for Managing Cancer:  
Holistic Strategies and the Cytotoxic Herbs." She dis-
cussed an overview of the development and progres-
sion of cancer and provided guidance on these topics:  
increasing mitochondrial energy transfer; normalizing 
gene expression and repair; disrupting cancer cell metab-
olism; normalizing growth factors, signal transduction, 
and signal transcription; promoting hepatic and other 
metabolic detoxification pathways; supporting bone 
marrow and immune activity; reducing local inflam-
mation; normalizing angiogenesis; strengthening blood 
vessel walls; inhibiting collagenases, proteases, and  

hypercoagulation; and inducing apoptosis. Some of the 
cytotoxic herbs discussed were pawpaw (Asimina triloba); 
sweet wormwood (Artemisia annua); Xi Shu, translated as 
"Happy Tree" (Camptotheca acuminate); greater celandine  
(Chelidonium majus); chaparral (Larrea tridentata);  
American pokeweed (Phytolacca decandra); Eastern  
arborvitae (Thuja occidentalis); and mayapple (Podophyllum  
peltatum). She supplemented this lecture with an insight-
ful and engaging talk on osteoarthritis. Kevin Spelman RH 
(AHG) presented a therapeutic mushroom talk which in-
cluded many of our favorites; a lecture on renal herbs (Did 
you know that green tea is an amazing renal herb?); and a 
timely discussion on herbs indicated for COVID-19. All in-
formation was supported with extensive research. Subhuti 
Dharmananda PhD spoke on formulation, with the back 
story of the history of Chinese herbal usage. 

The ACVBM will continue to expand educational events 
for veterinarians interested in herbal therapy, with long-
term plans to develop an advanced training program  
and gain recognition as a board specialty. This was an 
amazing event, a great time with great friends—and  
being virtual we had participants from around the world 
in attendance. After the three-month online avail- 
ability, individual lectures will be available for purchase 
via www.vbma.org and www.acvbm.org.

ACVBM Hosts a Virtual Success!
By Cynthia Lankenau, DVM 

https://www.acvbm.org
http://www.vbma.org
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VBMA Update

Since 2014 the Veterinary Botanical Medical Association 
has offered an educational scholarship to active veterinary  
students in the United States and abroad. Our ability to give a  
helping hand to aspiring herbalists is in part due to a gener-
ous donation by one of our amazing members. We hope that 
by offering this opportunity, we excite and expand an inter-
est in botanical medicine that will last a lifetime. Each year a 
new topic is chosen, and students submit an essay which is 
read and voted upon by our board. We currently offer mon-
etary awards totaling $5,000, with $3,000 given for the top 
prize and $1,000 each to two other winners for tuition, books, 
or other academic expenses. The topic is announced early in 
the year, and submissions are accepted until mid-July.

This year's topic was “Herbal medicine in the time of climate 
change: How does climate change impact how we select 
herbs and use them responsibly?” This very important and 
timely suggestion was made by Dr. Barbara Fougere, and 
many students submitted thoughtful discussions of possible 
answers to this question. We received thirteen applications, 
three from within the United States and the remainder from 
Bangladesh! The essays were very interesting, and some of 
the students spoke of herbal solutions that were being used 
in their own families and farms. We read and ruminated 
and came up with our current group of winners. Here is a 
bit about each of them.

Our first-place winner, Sarah Scott-Cruz, is a second-year 
student at North Carolina State University. She hopes to 
pursue a career in wildlife medicine and enjoys hiking, rock 

climbing, and taking care of turtles that have been entrusted 
to the school’s Turtle Rescue Team. Sarah spoke eloquently 
about the relationship between plants used in medicine 
by indigenous people and their sustainable and respectful 
use by the broader herbal community, especially as climate 
change affects availability and quality of plant material.

Ifteqar Hassan, our second-place winner, is currently pur-
suing his DVM degree at Chattogram Veterinary and Animal  
Sciences University in Bangladesh. He is very excited to 
help his country’s livestock by striving for excellence in 
research, focusing on pharmacology, pathology, microbiol-
ogy, and public health. Among other dreams, Ifteqar hopes 
to start a Veterinary Botanical Medical Association to  
advance professional herbal medicine in Bangladesh.

Coming in third place with a wonderful essay is Kristy 
Herman, a fourth-year student at Michigan State  
University. She plans to focus on her passion for pal-
liative and compassionate medical care in practice, using  
the treasure trove of modalities available to the integra-
tive veterinarian. Lovely! 

The above summaries understate the tremendous work, 
ideals, and aspirations of these inspiring students—
I encourage you to read their essays, available on the  
VBMA website at www.vbma.org/educational-scholarship.html.  
I know you will join us in wishing our scholarship winners  
and all of the applicants a very successful veterinary  
career. May we all work together for our planet.

VBMA Celebrates Scholarship Winners!
By Jamie Moran, DVM

From left:  
Sarah Scott-Cruz, 
Ifteqar Hassan, 
Kristy Herman

https://www.vbma.org/educational-scholarship.html
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Volume 58, Spring 2020
SCIENTIFIC REPORT

35…  The Use of Cannabidiol-Rich Hemp Oil Extract  
to Treat Canine Osteoarthritis-Related Pain:  
A Pilot Study 
Lori Kogan, PhD, Peter Hellyer, DVM,  
Robin Downing, DVM, MS

SCIENTIFIC REVIEW

46…  Cannabidiol in Veterinary Medicine  
Gary Richter, MS, DVM

Volume 59, Summer 2020
SCIENTIFIC REVIEWS

19…  Phytotherapy in Dogs With Epilepsy  
Barbara Fougere, BVMS

24…  How to Use Traditional Chinese Veterinary 
Medicine for the Treatment of Seizures  
Shu Dai, DVM, MS, Huisheng Xie, DVM, MS, PhD

30…  Seizures and Essential Oils  
Jared Mitchell, DVM

Volume 60, Fall 2020
SCIENTIFIC REVIEWS

18…  The Role of Vitamin D in Veterinary Oncology:  
A Literature Review  
Kendra V. Pope, DVM

30…  Considerations for the Use of Anthocyanins  
in	Canine	Chronic	Inflammatory	Diseases	 
Nancy Scanlan, DVM, MS

SCIENTIFIC REPORT

37…  Evaluation of Protein Quality of Chicken Proteins 
Intended for Pet Food  
Megan Haverkamp, PhD, Greg Aldrich, PhD

Volume 61, Winter 2020 
SCIENTIFIC REVIEWS

17…  Cannabis in Veterinary Medicine: A Critical Review 
Trina Hazzah, DVM, Casara Andre, DVM,  
Gary Richter, DVM, Stephanie McGrath, DVM, MS

42... The Pediatric Immune System in Dogs and Cats 
Jean Dodds, DVM

2020 Scientific Reports

Classifieds
EMPLOYMENT OPPORTUNITIES

BUSINESS OPPORTUNITY 
OPEN YOUR OWN HOLISTIC CLINIC IN MELBOURNE, FL— 
Natural Pet Specialty Shop, a well-established (9 years) health 
food store for pets, is located on Florida's beautiful Space Coast. 
We are seeking a compassionate and dedicated integrative 
veterinarian who is certified in holistic modalities to co-locate 
their clinic right next door to our upscale holistic specialty 
store. On October 1st, 2020, our store is transitioning into a 
complete Pet Wellness Center at a brand new location on a very 
busy thoroughfare. We are holding the lease for this 1800 sq. ft. 

space, and all you have to do is your buildouts to suit your needs 
and immediately open your doors! This incredible opportunity 
comes with our existing clientele base of over 2900 customers 
seeking Holistic Veterinary support.

Please contact owner, Lee De Barriault, at 321-961-5218, or 
Natural Pet Specialty Shop, at 321-259-3005.  

Visit: www.naturalpetspecialtyshop.com  
Email: natpetspecialtyshop1@gmail.com

PRACTICES FOR SALE

MARYLAND 
Practice for sale in the Columbia, MD area—provides both 
holistic and western services. This is a busy practice with a 
good client base and a great location. The owner will help with 
the transition for a smooth step into ownership. 

Contact: Simmons Mid-Atlantic 888.881.7084  
or www.SimmonsInc.com—practice MD609.

CLARK COUNTY, NEVADA 
Well-Established and Profitable! This SA practice offers 
conventional and holistic medicine in a +/- 2,400 sf leasehold 
facility, in an active shopping plaza. Currently open five days  
a week. A new owner could expand hours and services, 
increasing gross income. NV3 

Contact: PS Broker. 800.636.4740. www.psbroker.com  
info@psbroker.com

For information and rates on Classifieds listings please contact office@ahvma.org

http://www.naturalpetspecialtyshop.com/
http://www.simmonsinc.com/
http://psbroker.com/
mailto:info@psbroker.com
mailto:office@ahvma.org
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Abbreviation Definition

2-D 2-dimensional

3-D 3-dimensional
A

AAHA American Animal Hospital Association

ACTH Adrenocorticotropic hormone

AD Right ear
AS Left ear
ADP Adenosine diphosphate
ALT Alanine aminotransferase. See SGPT
ALKP Alkaline phosphatase
ANOVA Analysis of variance
APHIS Animal and Plant Health Inspection Service
AST Aspartic aminotransaminase. See SGOT
ATP Adenosine triphosphate
ATPase Adenosine triphosphatase
AVMA American Veterinary Medical Association
B

BCG Bacille Calmette-Guerin
BID Two times a day
BSA Bovine serum albumin
BUN Blood urea nitrogen
C

°C Degree(s) Celsius
cAMP Cyclic adenosine monophosphate
CBC Complete blood count
CDC Centers for Disease Control and Prevention
CFU‡ Colony-forming unit
CNS Central nervous system
CPR Cardiopulmonary resuscitation
CSF Cerebrospinal fluid

CT Computed tomography or computed 
tomographic

Ci Curie(s)
MMCi Microcurie(s)
mCi Millicurie(s)
D

D Day
Diam Diameter
DMSO Dimethyl sulfoxide

Abbreviation Definition

DICOM Digital Imaging and Communications in 
Medicine

DNA Deoxyribonucleic acid
E

ECG Electrocardiogram or electrocardiographic. 
Also EKG.

EDTA Ethylenediaminetetraacetic acid
EEG Electroencephalogram

eg Latin for for example; use only in 
parenthetical expressions

ELISA Enzyme-linked immunosorbent assay
EM Electron microscopy
F

°F Degree Fahrenheit
FDA Food and Drug Administration
FeLV Feline leukemia virus
FIV Feline immunodeficiency virus
G

GABA Gamma-aminobutyric acid
g Gram
H

h or hr Hour or hours
H&E Hematoxylin and Eosin
Hct or HCT Hematocrit
Hgb or Hb Hemoglobin
HIV Human immunodeficiency virus
hpf High-power field or high-power fields
I

ie Latin for that is; use only in parenthetical 
statements

Ig Immunoglobulin
IM Intramuscular
IP Intraperitoneal
IU International unit(s)
IV Intravenous
L

LD50 Median lethal dose
L Liter(s)
MMl Mliter(s)
ml Milliliter

Standard Abbreviations
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mo Month
MRI§ Magnetic resonance imaging
mRNA Messenger ribonucleic acid
N

n Number in a study group
NAD+ Nicotinamide adenine dinucleotide
NADH NAD + reduced
NADP NAD+ phosphate
NADPH NADP reduced
No. Number
NO Nitric oxide
NSAID Nonsteroidal anti-inflammatory drug
O

OD Optical density
OD Right eye
OS Left eye
P

P Probability
PET Positron Emission Tomography
PBS Phosphate-buffered saline
PCR Polymerase chain reaction
PCV Packed cell volume
PG Prostaglandin
PMN Polymorphonuclear leukocytes
PO Per os
Q

q Every
QD Daily or every day or once a day
R

RBC Red blood cell
RIA Radioimmunoassay
RNA Ribonucleic acid
rpm Revolutions per minute
rRNA Ribosomal ribonucleic acid

Abbreviation Definition

S

s second
SD Standard deviation
SE Standard error
SEM Standard error of the mean

SGOT Serum glutamic-oxaloacetic transaminase.
See AST

SGPT Serum glutamate pyruvate transaminase. 
See ALT

SID Once daily
SSRI Selective serotonin reuptake inhibitor
SOD Superoxide dismutase
SV-40 Simian virus 40
T

T½ Half-life
TID Three times a day
tRNA Transfer ribonucleic acid
U

U Unit
U.S. or U.S.A.† United States
USDA† United States Department of Agriculture
UV Ultraviolet
V

V Volt
vol Volume
W

W Watt
Wk Week
wt Weight
WBC White blood cell
Y

yr Year

§Although this abbreviation can be an adjective or a noun, it  
cannot be used to mean magnetic resonance image. The term  
MRI image is acceptable.

†The abbreviation US may be used without expansion on first 
mention only when it is used as a modifier and only when  
it directly precedes the word it modifies. In other instances, 
United States should be used.

Abbreviation Definition

M

m Meter
MMm micrometer
min Minutes
MLV Modified live virus
M Molar
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