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It’s strange how quickly 
being immersed in an 
alternate reality becomes 
the new norm. Since writing 
my last column, I’ve grown 
rather fond of, albeit resigned 
to, partaking in curbside 
veterinary service, and my 
vocal cords have grown 
accustomed to speaking 
loudly into the phone so 
clients can hear through 

their cellphones with the AC blasting in the car. I’ve taken so 
many Zoom yoga classes that the feel of the group energy in 
the studio is a distant memory, replaced by the comradery 
of the virtual attendees as projected in Brady Bunch format 
before and after class. The glorious fireworks displays of 
July 4 were replaced this year by the cacophonous surround 
sound of dozens of do-it-yourself backyard shows. And 
there’s that nagging presence of the mask, a reminder of the 
invisible contagion waiting to invade us or the unsuspecting 
ones we could infect from our asymptomatic states.

Speaking of virtual … AHVMA will be entering uncharted 
territory in September! Just as we did with curbside 
clinics and Zoom yoga classes, we’ll find ourselves 
adjusting to this new Conference platform in order 
to reap the benefits of the world’s richest offering of 
complementary and alternative veterinary medicine. In 
my opinion, this option was both inevitable and prudent. 
Kudos to the administrative staff, led by Chuck Emely, 
for enduring the difficult decisions that had to be made 
and scrambling to convert the outstanding presenter 
selection work of the Conference Program Committee 
into a safe and edifying alternative.

Veterinarians are starving for information on nutrition. 
For many of us, our veterinary schools provided limited 
instruction in this area—mine was focused on feed 

rationing in food animals back in the early 1980s—
and even any limited information taught in the schools 
strayed from the whole foods and ancestral diet approach 
favored by holistic veterinarians. Therapeutics were 
centered on pharmaceuticals, surgery, and “prescription” 
diets, with a rare mention of perhaps a vitamin to treat a 
condition. Most of our members are very knowledgeable 
in nutrition and recognize the basic tenet of a sound diet 
as the foundation of good health. We are well versed in 
the use of nutritional supplements for our patients but 
always seek more information. With these thoughts in 
mind, we have dedicated this issue of JAHVMA to topics 
in nutrition. 

The production of every issue of JAHVMA involves a 
tremendous amount of work. In addition to the on-display 
hard work of the authors, we recruit reviewers for all 
scientific, and most Perspectives, papers. Besides enlisting 
experts in CAVM modalities, JAHVMA utilizes the expertise 
of board-certified veterinarians wherever indicated. In this 
issue alone, seven reviewers were involved in the three 
scientific papers. This process ensures that the papers 
withstand scientific scrutiny while providing our members 
with accurate, edifying information.

And a quick shout-out to our copy-editing team, a class of 
people who enjoy immersing themselves in grammatical 
minutia often involving email exchanges with this Editor-
in-Chief, all for the sake of churning out respectable and 
readable papers.

Hope to “see” everyone in September!

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

Editor's Introduction
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I hope this update finds 
you all doing well.  As 
I write this, we are in 
our sixth week of stay-
at-home orders in Ohio 
as the result of the 
COVID-19 pandemic.  This 
unprecedented event has 
changed the way all of us 
live and work. I'm hoping 
that as you read this, the 
rate of new infections 

and deaths has slowed considerably and that we have 
returned to seeing our clients and patients in our 
offices as we have for decades. It will be interesting to 
see how telemedicine, which may have become a more 
important part of practice for some of you, may change 
the way we practice our medicine in the future.  It also 
remains to be seen how much the economic impact of 
the pandemic will affect both the short and long-term 
health of our practices. 

Recently, the AHVMA received confirmation from the 
AVMA that our seat in the AVMA House of Delegates 
(AVMA HOD) has been renewed for another year. 
Qualifying for the HOD seat was a long-term goal 
of the Association, and having the seat has been a 
wonderful opportunity for the AHVMA to be a visible 
presence and respected resource for the AVMA. I want 
to thank each and every member for maintaining your 
membership, not only for the health and growth of our 
organization, but also for the opportunity it gives us 
to promote integrative and holistic medicine to our 
colleagues who practice conventionally. I also wish to 
extend my thanks to Drs. Dirk Yelinek and Gary Stuer 
for their service to the AHVMA as our AVMA HOD 
Delegate and Alternate Delegate, respectively.  Their 
positions require them to attend two HOD meetings 

annually, and I am grateful that they can take the time 
out of their personal and professional lives to represent 
our organization. 

I also want to thank Dr. Emely and the AHVMA office 
staff for their perseverance in working from home 
during the pandemic. Under normal circumstances the 
office runs on a lean staff number, and working from 
home has only compounded our staffing workload. 
I want to take a moment to acknowledge their extra-
ordinary efforts. 

As you probably know, the Annual Conference and 
Exhibition scheduled for this September was canceled 
due to the COVID-19 pandemic. As I write this, we are 
working to organize a virtual Conference for September 
2020. We hope to be able to offer a speaker lineup 
that will almost mirror the one that was scheduled 
for the in-person Conference. We also hope to be 
able to provide ways for virtual attendees to interact 
with vendors as well. We'll all certainly miss getting 
together in person, but for the health and safety of the 
attendees, we felt that offering a virtual Conference 
this year was the best option, given that the situation 
with the pandemic changes almost hourly. 

I hope that all of you will be able to support the virtual 
Conference. It is new territory for our Association, 
and I commend our leaders and the AHVMA office 
staff for pulling together on relatively short notice 
to plan and execute our Conference and Exhibition 
in a virtual environment. My thoughts are with you, 
your staff, and your families as we live through these 
unprecedented times.

Neal J. Sivula, DVM, PhD, MDiv
President AHVMA, 2019-2020

President’s Letter
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Perspectives

Abstract
Climate change poses a threat to the security of our 
food and feed supplies. Food production and livestock 
rearing contribute to global warming through deforest-
ation and the methane gas the animals produce. Novel 
approaches to reducing the impact of food-based emis-
sions from animal products include both regenerative 
and sustainable agriculture as well as the development 
and promotion of alternative food sources. 

This article focuses on solutions for feeding humans 
and pets while mitigating the impact on climate change. 
Feeding pets vegetarian and vegan diets as well as  
utilizing mycoproteins, seaweeds, and insects as alterna-
tive food sources are discussed.

Introduction
The worldwide accumulation of greenhouse gases 
(GHGs) is a major contributor to global warming, a grow-
ing trend that can no longer be denied (1, 2). A quarter 
(26%) of the global gases originate from the foods pro-
duced by agriculture and from deforestation; 58% of 
these food-based emissions come from animal products 
and the remaining 42% from other food sources (2). In 
addition, half of all farmed animal product emissions 
come from beef and lamb (2). Livestock rearing con-
tributes to global warming not only through the methane 
gas the animals produce but also via deforestation to 

expand pastures and other grazing areas, leading to soil 
damage and desertification of land surfaces.

The need to reduce this environmental impact, although 
daunting, must be addressed to prevent even more  
destruction of the world’s vertebrate and invertebrate 
animals, insects, and microbes as well as the air, land, 
trees, soil, lakes, rivers, and oceans (1–10).

Climate change poses a threat to the security of our 
global food supply. Rising temperatures, increased 
rain, and more extreme weather events have, and will 
continue to have, an impact on crops and livestock (1).  
Millions of diverse producers create the impact foods 
have on the environment. Poore and Nemecek have 
studied the sustainability of our planet (2). They consol-
idated data from 5 environmental impact indicators—
namely, land use, fresh water withdrawals creating 
local water scarcity, and GHG, acidifying, and eutrophi-
cation emissions. Land use includes multicropping (up 
to 4 harvests per year); fallow phases (uncultivated,  
between crops), which are good for soil and carbon  
sequestration; and economic allocation to crop  
co-products such as straw. In addition to yield, this 
comprises both farm productivity and food security (2). 
Acidifying and eutrophying pollutants include emis-
sions from sulfur dioxide, nitrogen oxides, and ammonia.  
These emissions form small particles that impact  

Alternative Food Sources to Help 
Protect Against Global Warming

W. Jean Dodds, DVM

Abbreviation
GHG Greenhouse gas

Author Contact:
Dr. Dodds
Hemopet
11561 Salinaz Ave. 
Garden Grove, CA 92843
Phone: (714) 891-2022, ext. 115  
Fax: (714) 891-2123 
Email: info@hemopet.org
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human and animal health by reducing soil and water pH. 
Toxic minerals, such as aluminum, then leach nutrients 
from the soil and damage flora and fauna, and toxic algal 
blooms accompany eutrophication. Other detrimental 
effects come from raw sewage and animal wastes, which 
also increase nitrate concentration in groundwater and 
alter biodiversity (1, 2).

Data from the Poore and Nemecek study were gathered 
from 38,700 farms and 1,600 processors, packaging 
types, and retailers (2). Interestingly, they found that 
the environmental impact can vary as much as 50-fold 
among producers of the same product, a situation that 
creates opportunities to mitigate. However, mitigation 
of impact is complex due to trade-offs, multiple means 
to reduce impact, and interactions via the food chain (2). 
Will these efforts achieve enough with a timely outcome? 
It is unlikely because animal producers with the lowest 
impact still exceed the emissions from vegetable substi-
tutes, providing evidence of the real need for diet change 
(1, 2, 11–13). In fact, livestock production accounts for 
72% to 78% of total GHG emissions (2).

Scientists have now determined that people need to 
protect natural forests, particularly in the tropics; eat 

less red meat and more vegetables; safeguard and re-
store peatlands (lands consisting of peat or peat bogs); 
encourage “agroforestry,” which mixes food crops with 
trees; and improve crop varieties (1–13).

Replacing Existing Food Sources for Humans 
and Animals
For Humans
Worldwide agriculture has created an enormous environ-
mental footprint (1–3). Ecodegradation caused by the 
use of land by human populations results in an ever- 
increasing encroachment of virgin forests and seas by 
crop production and feed transport, livestock grazing, 
and aquaculture (1, 3).

The future lies with regenerative agriculture, a conser-
vation and rehabilitation approach to food and farming  
systems, and sustainable agriculture, or farming in sus-
tainable ways while still meeting society’s food and  
textile needs (4, 5).

Novel approaches to address the increasing needs for alter-
nate protein sources include laboratory-grown proteins, 
vertical vegetable farms, solar foods created from micro-
bial fermentation, and protein powders and drinks (3).

www.mayway.com
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For Animals
Cattle and, to a lesser extent, sheep and goats, increase 
environmental pollution and manure-related emissions 
with their enteric fermentation that releases methane 
gas and depletes the soil of essential nutrients (2, 3).  
Veterinarians are the gatekeepers responsible for food 
and animal health and welfare. Perhaps farm animal 
production would benefit from Russell’s and Burch’s 
Three Rs that apply to laboratory animals: reduction in 
use, refinement of protocols, and replacement with non-
animal methods (14).

Companion animals can survive and thrive on veg- 
etarian diets as long as they are nutritionally balanced 
and complete (11, 15). Urinary acidity should be checked 
regularly and monitored after using dietary additives 
to increase alkalinity if needed (11). Evidence-based 
medicine standards, when applied to controlled studies 
of these diets, have demonstrated their adequacy and 
health benefits (11). 

Ethical Issues
Today, we have both sustainable and nonsustainable animal  
farming. The foremost concern of the increasing younger  
generations who have chosen to become vegetarians  
and vegans is animal welfare (3, 12, 16). More commer-
cial vegetarian and vegan pet food brands and recipes are 
available today (11–13, 16, 17). Homemade recipes are also 
available (12, 15). Concerns expressed about the suitability 
and balance of vegetarian diets for pets are countered by 
the fact that similar health issues also arise and are docu-
mented with companion animal meat-based diets (11, 15). 

One widely promoted but controversial system is that 
offered by Polyface, whose goals are “to develop envi-
ronmentally, economically, and emotionally enhancing 
agricultural prototypes and facilitate their duplication 
throughout the world” (a). One of Polyface’s efforts is 
to promote land management through holistic planned 
grazing (6). This form of grazing is similar to rotational 
grazing, although it recognizes and provides a frame-
work for adapting to the 4 basic ecosystem processes: 
the water cycle, the mineral cycle (including the carbon), 
energy flow, and community dynamics (the relationship 
between organisms in an ecosystem). Holistic planned 
grazing also gives equal importance to livestock produc-
tion and social welfare.

We must self-mitigate as well as incentivize the miti-
gation of worldwide GHG targets (3). Additionally, we 
need to define and regulate agricultural and economic  

sustainability standards, especially in the less developed 
countries and economies (1–6).

Alternate Food Sources to  
Address Global Warming
Because the world’s available land area is not sufficient 
to satisfy the growing demand for meat, alternative pro-
tein sources are urgently needed to feed the people and 
animals (3, 7–13, 16, 17). For example, we could swap 
meat proteins for people and pets with mycoproteins 
from fungi, which are fast growing, affordable, nutri-
tious, and eco-friendly (18). These mycoproteins could 
reduce agricultural emissions by 10-fold (18). 

Seaweeds of Medicinal and Therapeutic Interest
According to a study by the World Economic Forum 
and the World Health Organization, 80% of the world’s 
population—primarily those of developing countries— 
relies on plant-derived medicines for their health care. 
As a result, the World Health Organization and other  
international organizations and governments have 
shown a growing interest in fostering the produc-
tion and use of unconventional foods with health- 
promoting effects. Edible marine macroalgae (eg, sea-
weed) are of interest because of their proven value in  
nutrition and medicine (7). Along with spirulina and  
chlorella, seaweeds are a primary source of omega fatty 
acids. They also contain several bioactive substances, 
such as polysaccharides, proteins, lipids, polyphenols,  
and pigments. On the negative side, other types, such 
as kelp, can have high levels of arsenic and heavy  
metals (7, 8). Further, some seaweed sources, such as 
those from contaminated spillage in the ocean after the  
nuclear plant disaster in Japan, could be radioactive. 

In 2015, world seaweed production totaled 30.4 million  
tons, more than double the 14.7 million tons produced 
in 2005. The present market value is close to $6.5 billion  
and is projected to reach $9 billion by 2024. Aqua-
culture is the most sustainable means of seaweed  
production and accounts for approximately 27.3 million  
tons (more than 90%) of the annual global seaweed 
production. The Asian countries produce 80% for 
world markets, with China alone producing half 
of the total demand. The top 6 seaweed-producing  
countries are China, Indonesia, Philippines, Korea, 
Vietnam, and Japan.

Seaweeds are known to provide a host of health ben-
efits for people and animals (7, 8). The documented list 
includes protection against obesity, hypertension, and 
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hyperglycemia (diabetes); cancer prevention and tumor 
control; neuroprotection in stroke and Alzheimer and 
Parkinson diseases; improvement in alimentary (gastro-
intestinal tract) disorders; benefits in thyroid function; 
analgesic and anti-inflammatory potential; antimicrobial 
properties (antifungal, antibacterial); and benefits for 
other health issues, including osteogenic and antioxidant 
effects, improvement in sexual function, antidepressant 
effects, and reduction in thrombotic events and diseases.

Insects as Food and Feed
Scientific knowledge of insects as sources of food and 
feed has been growing rapidly since approximately 2015, 
such that the industrial sector has become increasingly 
engaged in the rearing, processing, and marketing of  
edible insects (9, 10, 13, 16, 17). The environmental  
impact of insect farming is lesser than that of livestock 
species. In addition, insects provide widespread ecologi-
cal services to our planet. As of April 2019, more than 250 
companies worldwide are working on the uses of insects 
as food and feeds. Although financial investments in this 
industry have become very large, more are needed.

The future profitability of industrial production of  
insects as feed, however, depends primarily on the avail-
ability and applicability of cheap non-utilized alterna-
tives to current organic production approaches for fish 
meal, soy, and sorghum (10, 17). One could ask what  
advantage insect cultivation has over plant food sources, 
as plants have had a long history of being the primary 
diet to sustain human populations. Additionally, our  
canine companions, having undergone domestication 
and genetic evolution from their ancestral wolves in  
order to digest starch, thrive on plant protein (15, 19). 

Microbial communities and their relationship with  
insects deserve full attention because insects have the 
broadest antimicrobial peptide reservoir of all animals.  
For example, the house and black soldier f lies can de-
grade residual antibiotics in manure, thereby impacting 
pathogens. They also contain melanin, which has broad 
antibacterial and antifungal properties. Other uses of 
these insects include degradation of styrofoam and  
plastic wastes, although the current costs of these 
uses are a barrier to their more general implementa-
tion (3, 9, 10).

The mammalian chitinase enzymes are capable of  
digesting the chitin exoskeleton of insects. Thus, whole 
insects can be eaten and digested, especially in warmer 
climates where they are plentiful and easy to harvest (10, 

16, 17). These insects are utilized by humans and pets and 
for production of livestock (fish, poultry, and pigs) (12, 13, 
16, 17). Another benefit of chitin-containing leftover sub-
strates of insects is that they can be used as fertilizers to 
promote plant health. 

The most popular insects consumed by human and  
animal species vary throughout the world. For example, 
edible grasshoppers are eaten as a delicacy in Uganda and 
by East African tribes and are sold in markets in Mexico  
along with the larvae of the giant butterfly; ants and  
termites are eaten in Columbia; Filipinos prefer grass-
hoppers, crickets, and locusts; moths, dragonflies, and  
beetles are eaten in Papua New Guinea; and in Japan, the 
late emperor Hirohito preferred wasps with rice (16, 17). 

Cultural prejudice toward eating insects still exists as 
a significant barrier in the more temperate climates  
because many insects are considered to be agricultural 
pests rather than a food source. With the rising advent 
of global warming, however, they are now considered as 
viable food and feed options worldwide (9, 10, 16). 

Rearing insects involves both large- and small-scale  
production, facility design, management of diseases, 
shelf-life stability, and ensuring that the insects will 
be genetically of high quality (9, 10, 17). Technological 
processing requires decontamination, preservation, 
and ensuring microbial safety. Additional points to con-
sider include insect welfare, the creation of an enabling  
environment, consumers’ gastronomic preferences, and 
marketing strategies (9, 10, 17).

Current global legislation trails development in this 
area, as governments and politicians need to be assured 
that the present rearing and processing techniques  
result in insect products that are guaranteed to be 
free of chemical and microbial contaminants. Insects 
need to be processed into ingredients that can be used 
for safe and appetizing products for consumers. Insect  
production systems currently exist for black soldier and 
house flies; palm weevils, grasshoppers, and crickets 
that are foods in tropical zones; and mealworms and 
crickets that serve as foods in temperate zones (10).

Conclusions
The information discussed here must be communicated 
to consumers so they can become an active part of the 
solution. More people and animals could be fed and the 
environmental impact of global warming slowed if the 
world consumed less meat. Although food production 
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and livestock rearing contribute to global warming 
through the methane gas the animals produce, agricul-
ture and forestry account for approximately a quarter of 
global GHG emissions.

Additionally, if land was used more effectively, it could 
store more of the carbon emitted by humans. The extra 
carbon that humans are releasing into the atmosphere 
is nourishing the growth of forests, which can help to  

mitigate climate change. According to experts, however, 
this benefit will be negated by loss of vegetation if the 
earth heats up too much. Rising temperatures, increased 
rain, and more extreme weather events all have an  
impact on crops and livestock. The world urgently needs 
to take action to halt soil damage and desertification, 
both of which contribute to climate change. Climate 
change poses a threat to the security of our food and 
feed supplies.

Endnote

a. www.polyfacefarms.com 
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Perspectives

At this point in time, the link to certain pet foods and 
certain ingredients [to dilated cardiomyopathy (DCM)] 
is unproven, but here is what nutritionists and cardiol-
ogists believe based on the many cases they have seen 
(and are still seeing):

1. This is not a "grain–free diet" problem.  Pulses are 
the most common ingredient in implicated diets, but 
potatoes and grains have been involved as well—in fact 
about 11% of cases are in grain–containing diets.

2. Some of the dogs reported are already prone to DCM—
there are reports of Dobermans, Great Danes, and Irish 
Wolfhounds contained in the FDA case series—they 
may or may not have diet–related DCM.

3. Some breeds are prone to diet–related DCM not  
because of genetics per se, but because of a combination  
of breed–related factors (which are possibly genetic) 
and diet.

4. Labrador Retrievers ("Labs"), for instance, are  
considered at risk because they have a low energy re-
quirement. When people begin to restrict their dogs’ 
food in order to maintain an ideal body weight, they also  

restrict other nutrients like essential amino acids (which 
is why veterinarians should always recommend weight 
management diets if people need to cut their dogs’ calo-
ries—it has been shown that when people cut back on 
the quantity fed of dogs’ maintenance diets, deficien-
cies in vitamins and minerals can occur). Golden  
Retrievers may be predisposed in the same way that 
Labs are, due to low energy requirements.

5. We've known since the 90's that some breeds 
don't synthesize their own taurine well, like  
Newfoundlands.  Perhaps there are other breeds being 
shown to do this as well, as they have been eating diets 
that provide marginal amounts for some reason.

6. Maybe some breeds aren't at risk at all, but we think 
so because the breed clubs have gotten involved and 
asked their members to screen their dogs (like Golden 
Retrievers and Miniature Schnauzers).

7.  Back to the diets themselves—the overwhelming 
majority of foods implicated in cases of DCM came from 
manufacturers who produce foods based on marketing 
trends rather than science.  Grains have never been a 
major source of allergy compared to meat (because food 
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allergy is, in a sense, dose related, and meats contain 
more protein). And no one has shown that gluten intoler-
ance is a thing in dogs other than Irish Setters.

8. One of the trends was to produce higher protein di-
ets.  This was possible to do inexpensively using pulses, 
so the pulse content increased rapidly in these diets.

9. These companies, in addition to producing trendy  
diets with ingredients that were relatively unusual at 
the time (pulses, exotic meats) did not have formulating 
expertise.  If you look at the way they answered ques-
tions about who their formulators were, it's scary.  Some 
consulted with PhD nutritionists—that's fine.  But oth-
ers employ formulators with only a high school educa-
tion who just read the American Association of Feed 
Control Officials (AAFCO) manual. The manual didn't 
know this could happen, but the experienced formula-
tors at the bigger companies were aware of the risk of 
using high fiber ingredients in formulations that would 
undergo further processing (more on that below).

Current thinking is that this problem is a perfect storm 
of the following:

1. Most of these diets appear to have a high fiber con-
tent—fiber inhibits absorption of sulfur–containing 
amino acids like the taurine precursors methionine 
and cysteine. Fiber also may increase degradation of 
these amino acids by the gut bacteria. Some of the diets  
involved had over 40% pulse content. (The recommen-
dation is now less than 20%.)

2. Some meats are deficient in sulfur–containing amino 
acids—we know that rabbit is low in taurine and lamb is 
low in cysteine.

3. Plant proteins (pulses) used to increase the pro-
tein content on the diet label are deficient in the  
sulfur–containing amino acids.

4. High dietary protein increases the requirement  
for taurine.

5. Processing degrades methionine and taurine.

6. Large breed dogs may convert cysteine to taurine very 
slowly compared to other breeds.

7. Dogs with low energy requirements (Labs and most 
overweight/obese dogs) are at risk if the owners reduce 
calorie intake by reducing the amount of a maintenance 
diet being used.

With all of this mind, the recommendation by nutrition-
ists for diets made by the large companies make sense, 
because this seems to be a problem related to lack of 
expertise in the smaller companies.  The companies 
themselves have responded variously.  Some are add-
ing taurine to their diets, but this is not a taurine prob-
lem since the majority of DCM cases are not deficient in 
plasma taurine. Some have gone back to using grains, but 
are using ancient grains, which may repeat the problem 
we had with not understanding the nutrient interactions 
inherent in a novel ingredient. Some are reducing pulse 
content to less than 20%, as recommended by the most 
experienced formulators in the industry.

The more sophisticated discussions are centering 
around formulating for a low energy requirement to 
begin with, which is the same, essentially, as the other 
suggestion, which is to consider the AAFCO/National 
Research Council recommendations for methionine/cys-
teine as inadequate and increase their requirements in 
diet formulations.

There are a number of studies going on around the  
country.  We should know more soon.
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Scientific Review

Abstract
Vitamin D, both cholecalciferol (D3) and ergocalciferol  
(D2), as well as the most bioactive form, calcitriol 
(1,25(OH)2D), are well known for calcium regulation 
and effects on skeletal health. Multiple mechanisms of  
action have been identified affecting multiple physio-
logic systems, including the prevention, treatment, and 
control of cancer. Over 2000 genes express vitamin D 
receptors, with influences of this hormone reaching far 
past skeletal health. Much research exists for the role of 
vitamin D in oncology, and evidence continues to be dis-
covered for companion animals regarding the influential 
role vitamin D plays in veterinary health and disease. 
This literature review provides the current information 
behind the epidemiologic, anticancer, and mechanistic  
evidence for use of vitamin D in the treatment of cancer. 

Introduction
The clinical importance of vitamin D in calcium homeo-
stasis and in the maintenance of skeletal health has been 
well established throughout history, with Hippocrates  
describing a disease that resembled rickets as far back 
as 130 AD (1, 2). Various human studies have found  
correlations between insufficient levels of vitamin D and 

increased risk of non-skeletal pathologies, such as cardio-
vascular disease, hypertension, cancer, diabetes, multiple  
sclerosis, rheumatoid arthritis, infectious disease, and 
asthma (3). In animals, the role of vitamin D is also  
important in extra-skeletal conditions, such as chronic  
kidney disease, inflammatory bowel disease, cardiovas-
cular disease, infection, feline oral resorptive lesions, 
mortality, canine atopy, and cancer (4–11). The diverse 
effects of vitamin D across so many physiologic systems 
are in large part due to the presence of vitamin D recep-
tors within multiple organ systems and tissues, such as B 
and T lymphocytes, hair follicles, muscle, adipose tissue, 
bone marrow, and cancer cells, regulating more than 2000 
genes and widening the perceived scope of the vitamin D 
endocrine system (3, 12). This paper outlines the specific 
roles vitamin D is believed to play in the prevention and 
treatment of cancer and reviews the dynamic physiology  
and metabolism of vitamin D, along with evidence for 
monitoring and supplementation in veterinary oncology. 

Metabolism
Vitamin D, a seco-sterol prohormone, has 2 main forms: 
cholecalciferol (vitamin D3) and ergocalciferol (vitamin 
D2). The skin of most mammals can produce cholecalciferol  
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from the provitamin 7-dehydrocholesterol via activa-
tion with UVB light. Humans, rats, sheep, and cattle can  
produce cholecalciferol in the skin (13). However, this photo- 
synthesis pathway is inefficient in dogs and cats  because 
of the higher activity of the enzyme 7-dehydrocholesterol  
reductase that converts 7-dehydrocholesterol to cho-
lesterol (14). As negligible amounts of vitamin D are 
produced via the skin, the primary source of vitamin D 
must come from the diet. Ergocalciferol is obtained by  
irradiation with UV light of plants or plant materials when 
ergosterol is converted to ergocalciferol (15). Both ergocal-
ciferol and cholecalciferol are utilized; however, evidence 
in humans suggests that metabolites from ergocalciferol 
are much less bioavailable than those from cholecalciferol 
(16). In cats, ergocalciferol is less efficiently utilized than 
cholecalciferol (17). The exact difference in metabolism  
between ergocalciferol and cholecalciferol in dogs is unclear.

Following ingestion, the absorption of vitamin D via the 
small intestine is dependent on the presence of bile salts. As 
a fat-soluble hormone, vitamin D then enters the lymphatic 
system in association with chylomicrons and is transported  
primarily via the vitamin D-binding protein. It is subse-
quently either stored in lipid depots of adipose tissue,  
kidneys, liver, lungs, aorta, muscle, and heart, or it is trans-
ported to the liver for first hydroxylation via cytochrome 
P450 27A1 to become 25-hydroxyvitamin D (25(OH)D), 
also known as calcifediol or calcidiol. This is the most stable  
metabolite of vitamin D, with a half-life estimated to 
range from 10 days to 3 weeks, allowing serum concentra-
tions of 25(OH)D to be widely accepted as an indicator of  
overall vitamin D status (18). The 25(OH)D then undergoes  
second hydroxylation by the action of 1α-hydroxylase  
(cytochrome P450 27B1) to become the most biologically 
active metabolite of vitamin D, 1,25-dihydroxyvitamin D 
(1,25(OH)2D), also known as calcitriol. Calcitriol has a half-
life of 4–6 hours and blood concentrations of only 1/1000th 
of 25(OH)D, making serum levels of calcitriol a less useful 
marker of vitamin D status (19).

Primary production of calcitriol takes place in the proximal 
tubules of the kidneys; however, many other extra-renal 
tissues possess the enzyme 1α-hydroxylase and can there-
fore synthesize calcitriol from 25(OH)D. The autocrine  
synthesis of calcitriol in various organs such as the 
prostate, colon, breast, and pancreas is one mechanism  
proposed to explain the chemopreventive properties of  

vitamin D at these sites (20). Circulating concentrations of 
calcitriol are tightly regulated by several factors, includ-
ing parathyroid hormone (PTH), calcium, phosphorus,  
calcitonin, and calcitriol itself (21). Calcitriol, as the most 
bioactive form of vitamin D, binds with the vitamin D  
receptor (VDR) forming a heterodimer with the retinoid X 
receptor and interacting with nuclear vitamin D response 
elements (22). These response elements are present in 
over 200 target genes and therefore produce a variety of  
biological effects.

The VDR is essential for the initiation of genomic and non-
genomic signaling pathways that are induced by calcitriol  
and play a critical role in anti-cancer activity (23). In  
addition to their roles in bone health, 25(OH)D and  
calcitriol modulate cell growth, immune system function, 
and inflammatory pathways, activating genes that regulate 
cell proliferation, differentiation, apoptosis, invasiveness, 
and metastasis of cancer cells (24, 25). 

Genomic Signaling Pathways of Calcitriol
Common cellular processes targeted by calcitriol in-
clude cell cycle progression, apoptosis, cellular adhesion,  
oxidative stress, immune system function, and steroid  
metabolism (26). Examples of genes that are transcrip-
tionally activated by calcitriol include CYP24A1, encoding 
for 1α-hydroxylase; BGLAP, encoding for osteocalcin and  
expressed in bone osteoblasts; and CDKN1A which encodes 
the cyclin-dependent kinase (CDK) inhibitor p21, a protein 
responsible for tightly regulating cell cycle progression and 
arrest (27). The calcitriol-mediated repression or activa-
tion of many proto-oncogenes or tumor suppressor genes 
has also been described in both normal and tumor tissues 
with increased expression of cyclin A1 in ovarian cancer 
cells and increased expression of cyclin D2 in breast cancer 
cells (28–30). 

It is also important to realize that the development of  
cancer itself markedly influences vitamin D receptors,  
enzymes, and signaling pathways (31). When prostate  
cancer is present, there is evidence of both decreased 
ability of prostatic 1α-hydroxylase to convert 25(OH)D 
to calcitriol as well as complete absence of the enzyme,  
influencing cell division and differentiation (32, 33).  
Certain cancer cells also demonstrate decreased expres-
sion of the VDR, with activity lost in poorly differentiated 
colonic tumors and in patients with increasing tumor stage 
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(25, 34). Levels of 1α-hydroxylase have also been found 
to be increased in preneoplastic lesions of colon cancer,  
suggesting that advanced cancer cells may have increased 
degradation of calcitriol (35). Even single-nucleotide poly-
morphisms or ethnic variations of the VDR have been linked 
with risks of cancer in humans, further demonstrating the 
intimate role of vitamin D and the VDR in cancer (31). 

Non-genomic Signaling Pathways of Calcitriol
In addition to the activation of genomic pathways, cal-
citriol also triggers rapid, non-genomic responses that  
activate transmembrane signaling cascades (36). Activation 
of these cascades can cause rapid intestinal absorption of 
calcium ions (Ca 2+) , which may subsequently activate pro-
tein kinases, regulating proliferative and antiproliferative  
effects. Photoprotection from UV rays is another path-
way considered to be mediated by non-genomic actions of  
calcitriol, decreasing the DNA damage induced by sun  
exposure that leads to skin cancer (37).

Anticancer Mechanisms of Action
Epidemiology and Chemoprevention
Substantial epidemiological data exists to indicate that low 
serum vitamin D concentrations, or surrogates for vitamin 
D status such as geographical latitude or season, are assoc- 
iated with an increased risk of a variety of cancers in  
humans, with the strongest evidence existing for colorectal,  
breast, and prostate cancers. (11, 27). The first suggestion 
that vitamin D might influence cancer arose in 1980 when 
Garland and Garland proposed that the high rate of colon 
cancer seen in the northern U.S. as compared to the southern  
U.S. was due to a lower UV light-induced production of  
vitamin D in the skin (38). Ecological studies have since 
extended the “sunlight” hypothesis to 18 different types of 
cancer, suggesting that vitamin D deficiency may account 
for thousands of premature human deaths from colon, 
breast, ovarian, and prostate cancer every year (25, 39). 
Other lines of evidence also support the hypothesis that  
vitamin D or its metabolites have direct inhibitory effects 
on the development and progression of various cancers (40). 
Epidemiologic studies have also noted lower incidence and 
mortality rates for several cancers in regions with greater  
solar UVB exposure (41). Although ecological studies  
like these are the weakest forms of scientific evidence, 
several animal studies have provided support for these  
hypotheses, identifying decreased 25(OH)D levels in dogs 
with mast cell tumors, hemangiosarcoma, lymphoma, and  

neoplastic spirocercosis, warranting further research 
in this area (42). Vitamin D deficiency has also been 
linked with poorer prognoses and outcomes in human  
patients with lung, colorectal, and breast cancers as well as  
lymphoma (43–46). Preclinical studies in mice have shown 
that severe vitamin D deficiency or deletion of the VDR 
gene increases cancer risk (47, 48). Additional studies show 
a reduction in tumor incidence or tumor size in animals  
injected with calcitriol (49, 50). 

There has also been a protective relationship established 
between sufficient vitamin D status and lower risk of  
cancer in many human studies (25). It has been reported 
that breast and colorectal cancer incidence can be reduced 
by 50% with serum 25(OH)D levels measuring >32 ng/
ml (51). A similar study of colorectal cancer found a 50%  
reduction in cancer incidence with serum 25(OH)D levels 
of ≥33 ng/ml and a 75% reduction with serum levels of 
46 ng/ml (52). Similar results have been found in prostate, 
pancreatic, and breast cancers (53). A 4-year clinical trial 
with postmenopausal women also showed that an intake of 
1100 IU/day of vitamin D plus 1400-1500 mg/day of calcium  
reduced the risk of all cancer types (54). These results provide  
a rationale for using vitamin D in both cancer prevention and 
treatment in humans. Similar epidemiological studies have 
not yet been expanded upon in companion animals. 

Antitumor Activity
The exact mechanisms of the antitumor effects of vitamin  
D compounds are incompletely understood, although  
calcitriol, the active substrate to the VDR, has been most 
carefully studied both in vitro and in vivo. Plausible mecha-
nisms for the anti-cancer activities of calcitriol are numerous,  
with inhibition of proliferation, induction of differentiation 
and apoptosis, enhanced DNA repair, antioxidant protection,  
anti-angiogenic and anti-metastatic actions, and immuno-
modulation through interference with growth factor and 
cytokine synthesis all well described (40, 55). 

Proliferation
Anti-proliferative and pro-differentiating effects of  
calcitriol have been reported as early as 1981 in previous  
studies of malignant melanoma and myeloid leukemia 
cells (56, 57). Cell cycle progression and arrest in all 
cells are tightly regulated by proteins known as cyclins 
and CDKs. Activated cyclin/CDK complexes phosphory-
late retinoblastoma protein, a tumor suppressor protein 
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associated with G1/0 arrest, the interface between non-
dividing, differentiated cells (G0) and the first step in the 
cell cycle for replicating cells (G1). The cyclin-dependent  
phosphorylation of retinoblastoma protein induces 
the progression from G1 to S phase in both normal and  
malignant tissues. The expression of both cyclins and 
CDKs can be decreased by the administration of calcitriol,  
affecting progression through the cell cycle, and thus  
influencing cellular proliferation (58). 

More upstream, CDK inhibitors regulate the activity of the 
cyclin/CDK complexes, and therefore progression through 
the cell cycle. The expression of the CDK inhibitors p19, 
p21, and p27 are increased after treatment with calcitriol, 
inducing cell cycle arrest (23). Treatment with calcitriol 
can also reduce phosphorylation of inhibitors such as p27, 
rendering the protein less prone to degradation while also 
upregulating expression of p21, thus affecting progression 
or arrest of the cell cycle (23). 

Other growth regulating pathways are also influenced by 
calcitriol, with inhibitory effects on the epidermal growth 

factor receptor (EGFR)-signaling cascade as well as on  
insulin-like growth factors (IGFs). The EGFRs are major 
contributors to a complex signaling cascade that modu-
lates growth, signaling, differentiation, adhesion, migration, 
and survival of many cancer cells. These factors are targets  
for multiple anticancer drugs (59). Following binding with 
calcitriol, the VDR represses expression of EGFRs and 
therefore inhibits all downstream effects (60). Signaling 
of insulin and the IGF system also plays a key role in the  
development and progression of several types of cancer,  
and alongside chronic inflammation is an important  
contributor to the cancer-promoting effects of obesity 
(61). Binding of calcitriol to the VDR down-regulates the  
mitogenic IGFs while also up-regulating IGF binding  
proteins, the factors that control their activity (62).

Other growth factors of healthy tissue, such as transforming  
growth factor (TGF-β), are important in the initiation of  
tumor suppressor signaling cascades. Transforming growth 
factor is stimulated by calcitriol, thus halting the pro-
gression of malignant growth, and may play an important  
role in the growth-reducing action of vitamin D (63).

www.natoph.com
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 Apoptosis
The ability of calcitriol to induce apoptosis, or pro-
grammed cell death, has been best demonstrated in breast 
and prostate cancer cell lines, but complete mechanisms 
have not been fully elucidated (23). Apoptosis, a mecha-
nism innate to both normal and malignant cells, generally 
occurs through 2 pathways: the intrinsic (mitochondrial 
pathway), or the extrinsic (receptor mediated pathway) 
(64). Calcitriol can initiate the intrinsic pathway through 
decreasing expression of the anti-apoptotic factors Bcl-2 
and Bcl-XL and/or by increasing the pro-apoptotic equiva-
lents Bax and Bak (65). The cleavage of PARP-1, a family 
of proteins involved in the apoptosis cascade, was also 
shown to activate apoptosis in breast cancer cells when 
induced by calcitriol (23). Calcitriol was also found to  
increase intracellular calcium levels by depleting calcium 
stores in the endoplasmic reticulum and by activating  
calcium entry from the extracellular space. This increase, 
identified in breast cancer cells, was found to activate 
specific caspases of the intrinsic pathway, generating an 
apoptotic response (66). Some evidence also exists that 
cell death mediated by treatment with calcitriol may be 
due to autophagy or advanced differentiation instead of 
apoptosis (67, 68). Additionally, calcitriol and its analogues  
show evidence of enhanced cancer cell apoptosis in  
response to radiation and chemotherapy.

Angiogenesis and Metastasis
In vitro and in vivo experiments have shown that calcitriol 
can modulate angiogenesis, a key step in continued tumor 
growth, progression, and metastasis (23). The formation of 
new blood vessels is an important ability of malignant cells 
to guarantee their own oxygen supply, causing normally 
quiescent vasculature to continually sprout new vessels 
in order to sustain expanding neoplastic growth (69). The 
anti-angiogenic effects of calcitriol have been shown to in-
hibit the proliferation of endothelial cells as well as reduce 
vascular endothelial growth factor (VEGF), the most potent  
stimulator of new blood vessel formation (70). This activity  
was demonstrated in a tumor transplantation model in 
which mice treated with calcitriol produced tumors that 
were less vascularized than those found in controls (71). 
Additionally, in VDR knockout mice, tumors were found to 
have developed larger tumor vessels and volume than those 
in mice with VDR present (72). At the molecular level, the  
effects of calcitriol are believed to be mediated by decreasing  
the expression of hypoxia-inducible factor-1 (HIF-1), a tran-

scription factor responsible for inducing VEGF expression 
(73). The proangiogenic effect of cyclooxygenase-2 (COX-2)  
in multiple cancer cells is believed to be a result of its  
action to increase HIF-1α in these tissues. Calcitriol has 
been found to suppress COX-2 expression and provides an 
indirect mechanism by which calcitriol inhibits angiogen-
esis, alongside direct suppressive effects of proangiogenic 
factors such as HIF-1 and VEGF (41, 74).

Control of angiogenesis is also important to reduce the 
ability of cancer cells to invade the circulatory system 
and metastasize to secondary sites. Calcitriol has been 
shown to regulate the expression of key molecules involved in 
invasion and metastasis, often through the interactions 
with components of the extracellular matrix. Proteases, 
such as matrix metalloproteinases (MMPs), plasminogen  
activators, and cathepsins degrade the extracellular  
matrix and consequently allow the cancer cells to invade 
(75). Tissue inhibitors of metalloproteinases (TIMPs) 
are the natural counterparts of MMPs, while cathepsins 
are controlled by cathepsin inhibitors (CIs). Treatment of 
cancer cells with calcitriol reduces the activity of MMP-9  
and cathepsins while increasing the activity of TIMP-1  
and CIs, resulting in inhibition of metastasis (23).  
Calcitriol has also been shown to be influential for tumors  
that show a preference for bone microenvironments as 
sites of metastasis, such as breast and prostate carci-
nomas (76). Bone resorption is crucial for metastasis 
in these cancer models, and administration of calcitriol 
and calcium has been found to decrease this metastatic 
ability (77).

Anti-Inflammatory Effects
Considerable evidence exists for the role of vitamin D  
signaling within inflammation, a process which was previ-
ously added as an enabling hallmark of cancer in 2011 (78). 
Inflammation contributes to the development and progres-
sion of many cancers and is recognized as a risk factor for 
cancer development, making it an important target for  
prevention and treatment. Research indicates that calcitriol  
has anti-inflammatory activity that likely contributes to its 
beneficial effects on multiple cancers (41, 79). 

Prostaglandins promote carcinogenesis and cancer pro-
gression by stimulating proliferation, inhibiting apoptosis,  
promoting angiogenesis, and activating carcinogens 
(80). The enzyme responsible for PG synthesis, COX-2, is  
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regarded as an oncogene and an important molecular target  
in cancer therapy; increased expression is an indicator of 
more aggressive biological behavior in many cancer types 
(81). Calcitriol decreases the levels of biologically active  
PGs, causing suppression of the proliferative and angio-
genic stimuli they normally provide. Combinations of  
calcitriol with NSAIDs cause a synergistic enhancement 
of the inhibition of prostate carcinoma cell proliferation,  
suggesting that this drug combination might be clinically 
relevant (82). Similar effects have been noted in breast 
cancer cells, with reductions in estrogen synthesis and  
estrogen receptor α levels reducing the mitogenic stimulus 
in these cell lines (83). 

Calcitriol also suppresses the activation and signaling of 
nuclear factor kappa-light-chain-enhancer of activated B 
cells (NFκB), a transcription factor that regulates inflam-
mation, immune response, and cellular proliferation and 
is believed to play a key role in the process leading from 
inflammation to carcinogenesis (41). Calcitriol directly 
modulates NFκB activity in many cancer cells, leading to a 
decrease in the production of proinflammatory cytokines 
such as interleukin-6 and interleukin-8 (84, 85). 

Relationships between C-reactive protein (CRP), a highly 
sensitive marker of inflammation often correlated with 
diagnosis and prognosis in various cancers, and hypo-
vitaminosis D have been identified, with research in a  
population of racing sled dogs suggesting that decreases in 
serum concentrations of 25(OH)D correlate to concomitant 
increases in CRP concentrations (86). 

Finally, these anti-inflammatory activities are believed to 
be mechanisms by which vitamin D plays a role in delaying  
or preventing cancer development and/or progression. 
These effects, along with the above-mentioned anticancer 
activities, are also hypothesized to be possible mecha-
nisms of chemoprevention in various tumor types. 

Concurrent Use with Anticancer Therapies
Calcitriol was first investigated in humans as a differen-
tiating agent in myelodysplasia and acute leukemia (27).  
Results revealed that 20-30% of patients developed  
hypercalcemia when calcitriol was administered at 1.5–2.0 g  
daily, with subpar anticancer activity prompting inves-
tigation into combination protocols and varied dosing 
schedules (87, 88). The original dosing schedules were  

developed for the treatment of renal osteodystrophy and 
osteoporosis; therefore, biologically effective and maxi-
mally tolerated doses, as well as optimal dosing sched-
ules, have not yet been determined for maximal anticancer  
activity (27). In human trials, minimal hypercalcemia  
occurs when high-dose calcitriol is administered on an  
intermittent schedule; less-hypercalcemic analogues of 
calcitriol with modified chemical structures less prone to 
degradation by 1α-hydroxylase have been developed and in-
vestigated for single agent and combination usage (41, 89). 
A standard phase I dose-escalation trial of calcitriol admin-
istered orally once a week in humans found that 2.8 g/kg 
can be safely administered without any side effects. Dose-
limiting toxicity of oral calcitriol has not been observed (90).

Considerable data support the presence of synergistic  
activity between calcitriol and calcitriol analogues and  
traditional anticancer therapies, including radiation ther-
apy. Calcitriol has been found to potentiate the antican-
cer activity of platinum analogues such as cisplatin and  
carboplatin, anthracyclines such as doxorubicin and  
mitoxantrone, topoisomerase inhibitors such as irinotecan 
and etoposide, antimetabolites such as cytosine arabino-
side and gemcitabine, and taxanes such as docetaxel and 
paclitaxel (41). Optimal potentiation is seen when calcitriol 
is administered immediately before, or simultaneously 
with the anticancer agent, rather than afterward (91).

In an in vitro study using canine tumor cells, calcitriol and 
cisplatin were shown to have synergistic, antiprolifera-
tive activity in mammary carcinoma, osteosarcoma, and  
mastocytoma cell lines (92). In vivo results from client-
owned dogs in the same study indicated that the maxi-
mum tolerated dose of intravenous calcitriol in dogs was  
3.75 g/kg, and the dose-limiting toxicity was hypercalcemia.  
Although assessment of tumor response was not the  
primary goal of the in vivo study, antineoplastic activity 
was observed in 3 of 8 dogs. Calcitriol was administered im-
mediately prior to cisplatin. These findings defined a phase 
II dosage and support the hypothesis that calcitriol has  
clinical activity in canine tumor models. In a follow-up study 
of canine mast cell tumors, in vitro treatment of mast cell 
lines with calcitriol exhibited synergistic, antiproliferative  
activity when used in combination with lomustine,  
vinblastine, imatinib, or toceranib (89). The concentrations 
required for 50% growth inhibition were 2-6 times lower 
when chemotherapy was used in combination with calcitriol  
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compared to chemotherapy alone. For the population of 
client owned dogs, a calcitriol analogue (DN101) was used 
for oral administration at a dosage of 2.25 g/kg orally once 
weekly for 4 treatments. This high-dose oral calcitriol  
induced remission in 4 of 10 dogs (1 complete remission, 3 
partial remissions). Unfortunately, the majority of patients 
experienced toxicity (azotemia, vomiting, hypercalcemia, 
or anorexia), necessitating discontinuation of the trial. 

In human patients with diffuse large B cell lymphoma, 
rituximab-mediated killing of lymphoma cells was sub-
stantially enhanced by the restoration of sufficient  
vitamin D levels, providing evidence that aside from high-
dose intervention, even maintaining adequate vitamin D 
levels may be of benefit in certain cancer treatments (93). 

Vitamin D compounds potentiate the antitumor effects of 
ionizing radiation and photodynamic therapy in preclini-
cal models of prostate and squamous cell carcinoma, and 
pretreatment with calcitriol increases apoptosis in breast 
cancer cells undergoing ionizing radiation (94).

Additional conventional agents used in cancer treat-
ment, such as retinoids, glucocorticoids, inhibitors of 
1α-hydroxylase, and NSAIDs, exhibit synergistic relation-
ships with calcitriol. Calcitriol, the VDR, and the retinoid 
X receptor interact as a heterodimer to initiate vitamin D 
signaling; therefore, ligands of the retinoid receptor such 
as vitamin A may modify calcitriol activity, with potentia-
tion of calcitriol antitumor effects by retinoid compounds 
having been well described (95). Glucocorticoids have  
direct anticancer activity and block calcitriol-induced 
hypercalcemia, and synergistic antitumor effects of  
calcitriol and glucocorticoids have been demonstrated in 
human prostate cancer cell lines (96). Non-specific cytochrome  
p450 inhibitors such as antifungals, isoflavones such 
as genistein, progesterone, and specific inhibitors of 
1α-hydroxylase, have been identified as enhancing the  
antitumor activity of calcitriol (96). As mentioned previ-
ously, PG synthesis inhibitors may potentiate the activity 
of calcitriol. In a single arm, open label phase II clinical 
study investigating the effects of the use of combination 
high dose calcitriol and naproxen in human patients with 
early recurrent prostatic carcinoma, a prolongation of  
serum prostate specific antigen (PSA) doubling time was 
identified in 75% of the patients, showing the synergistic 
benefits of treatment with calcitriol and an NSAID in this 
cancer model (82).

Monitoring and Supplementation
Historically, dogs and cats have obtained the vitamin D they 
need from eating the fat stores of killed prey. Around the 
1900's, as dogs and cats moved to prepared pet foods, the 
supplementation provided in commercially available food 
became their primary source of vitamin D (24). This level 
of supplementation has been determined to be adequate to 
prevent rickets, but the ideal dosages and corresponding  
serum concentrations of vitamin D that are needed to main-
tain optimal health are not known (3). With human studies, 
there has been a movement towards categorizing vitamin 
D levels as deficient, insufficient, or sufficient, defining a 
serum 25(OH)D level as sufficient when a disease risk is 
minimized for the majority of the population (19). Varying  
opinions exist about the current cutoff points as well 
as health outcomes that should be associated with each  
category. This continues to be an area of debate in both  
human and veterinary medicine (24). Currently, sufficiency 
is defined in human studies as the level of 25(OH)D where 
PTH secretion is minimized, intestinal calcium absorption 
is stabilized, and/or calcium resorption from bone is mini-
mized. The vitamin D level needed to optimize intestinal 
calcium absorption is 85 nmol/L (34 ng/ml), which is lower 
than the level needed for neuromuscular performance of 
95 nmol/L (38 ng/ml) (97). However, several studies have 
shown that PTH levels do not plateau until serum 25(OH)D 
levels approach 75 nmol/L (30 ng/ml) (98). The Institute of 
Medicine reviewed 25(OH)D levels in relation to markers of 
bone health when developing dietary intake guidelines for 
vitamin D and concluded that 97.5% of the population was 
sufficient at levels ≥ 50 nmol/L (20ng/ml) (99). Current  
guidelines provided by the National Institute of Health 
cite these Institute of Medicine findings, concluding that 
persons are at risk of vitamin D deficiency with serum 
25(OH)D concentrations of <30 nmol/L (<12 ng/ml), are 
potentially at risk for inadequacy with levels ranging 
from 30–50 nmol/L (12–20 ng/ml), are sufficient if levels 
are ≥50 nmol/L (≥20 ng/ml), and may experience adverse  
effects with serum concentrations >125 nmol/L (>50 ng/ml)  
(100). Additional published papers cite much higher ref-
erence ranges recommended for optimal health, noting 
that many cutoff points are not backed by scientific con-
sensus and require further research to determine opti-
mal dosing strategies.

Normal reference ranges provided by commercial labora-
tories for serum concentrations of 25(OH)D in animals 
have a wide distribution, are laboratory specific, and may 
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not reflect optimal levels. Michigan State University’s  
College of Veterinary Medicine has established a reference 
range based on radioimmunoassay, citing 109–423 nmol/L 
(44–169 ng/ml) as a general indication of adequate to normal  
vitamin D levels, an increase from the 60-215 nmol/L 
(24–86 ng/ml) level listed as normal in 2014 (101). The 
Veterinary Diagnostic Institute, which uses chemilumines-
cence immunoassay, reports test results as deficient (<100 
nmol/L [<40 ng/ml]), insufficient (100–248 nmol/L [40 
to 99 ng/ml]), sufficient (250–375 nmol/L [100–150 ng/
ml]), or elevated (>500 nmol/L [>200 ng/ml]). Selting et 
al (2016) used suppression of PTH secretion to define the  
sufficiency level of 25(OH)D in dogs representing both 
healthy and disease groups. Dogs in the disease group 
were those with an acute hemoabdomen, the majority of 
which were caused by hemangiosarcoma, along with other 
malignancies or benign changes (43 malignant, 20 benign). 
Additional measurements, such as CRP, calcium, and phos-
phorus, were also used as markers of sufficiency, without a 
complete explanation of the reasoning behind these choices.  
Variation in both PTH and CRP plateaued at 25(OH)D  
serum concentrations of 100-120 ng/ml, concluding that 
sufficiency could be defined at this level. An increased 
relative risk of cancer was also established with a serum 
25(OH)D concentration below 40 ng/ml. Criticisms of this 
paper include the lack of measurement of vitamin D intake 
in any of the participating animals as well as lack of blood-
work, urinalysis, or medical imaging to ensure the health 
of enrolled animals. Further research was recommended 
before any consensus statements are made regarding  
serum 25(OH)D concentrations that define sufficiency 
in dogs (102). Currently, no published research exists  
defining similar results in cats.

The National Research Council, the Association of 
American Feed Control Officers (AAFCO), and the  
European Pet Food Industry Federation have all de-
veloped nutritional guidelines for the dietary levels 
of vitamin D needed to maintain health. The minimum 
adequate intake, minimum recommended allowance, 
and safe upper limit of vitamin D are readily report-
ed through these organizations; however, they were  
developed with the primary endpoints of prevent-
ing rickets and investigating toxicity, mostly in young, 
growing animals. Serum levels of 25(OH)D were not  
measured. Information regarding the efficiency of differ-
ent forms of vitamin D, the vitamin D requirements of adult 
dogs, the relationships between intake and vitamin D  

status, and factors that affect these relationships are all  
areas of limitations to our current knowledge (102). 

Supplemental vitamin D is expressed in measurements of 
IUs. A single IU of vitamin D can be provided by 0.025mcg 
of cholecalciferol. The richest natural sources of vitamin 
D in foodstuffs are marine fish and fish oils. The most  
common synthetic sources of vitamin D in pet foods are 
variously documented as cholecalciferol (D-activated 
animal sterol), vitamin D3 supplement, ergocalciferol  
(D-activated plant sterol), and vitamin D2 supplement. 
Moist foods generally contain higher amounts of vitamin 
D than extruded foods, and some moist foods exceeded the 
AAFCO maximal recommended allowance of 10,000 IU/kg 
for cats (17). Multiple recent recalls of canine diets due to 
vitamin D toxicity in 2018-2019 were widely publicized, 
with misformulation of vitamin premixes believed to be 
the underlying cause (103). Previous pet food recalls due to 
vitamin D toxicity were also reported in 1999, 2006, 2010, 
and 2016 for similar reasons. Homemade diets are most of-
ten deficient in vitamin D (24). Accepted dosing for supple-
mental oral cholecalciferol has not been established, and to 
the author’s knowledge only a single paper exists describing  
the use of oral cholecalciferol for the treatment of pathology  
in companion animals. In a study of atopic dogs, patients 
received either placebo (palm oil), cholecalciferol at  
300 IU/kg, or the VDR agonist paricalcitol orally at 
0.02μg/kg SID for 8 weeks. The dosage was increased every 
2 weeks based on the patient’s blood calcium concentrations 
and the severity of clinical signs, from approximately  
300 IU/kg to 1400 IU/kg cholecalciferol and from  
0.02μg/kg to 0.1μg/kg paricalcitol by week 4. Over the  
study period of  8 weeks, 25(OH)D levels showed a mean  
increase of 80μg/ml (250%) in the cholecalciferol group,  
while in the paricalcitol group 25(OH)D concentrations  
increased by an average of 36μg/ml (105%). The placebo 
group showed decreased 25(OH)D levels by an average 
of 14 μg/ml (–20%). The authors concluded that there was  
effective absorption of the supplemental cholecalciferol with 
preference over the VDR agonist (10). They cited a murine 
model of renal fibrosis as the basis of their starting dose 
(104). Additional research is needed to determine optimal 
dosing for oral cholecalciferol. To date, no clinical trials 
have investigated its use in veterinary oncology patients.

Summary
Vitamin D is a steroid hormone traditionally recognized as 
being responsible for calcium and phosphorus homeostasis 
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in the body; however, it is widely accepted that vitamin 
D also exerts extraskeletal effects, including those in  
relation to the prevention and treatment of cancer. Vitamin 
D receptors are present in over 2000 genes and various  
tissues throughout the body and allow for a vast array  
of genomic and nongenomic effects across various physi-
ologic systems. Vitamin D can exert powerful chemo-
preventive, anti-inflammatory, and anti-cancer activity  
through various mechanisms influencing prolifera-
tion, apoptosis, angiogenesis, and metastasis, as well as  
synergism with conventional anticancer treatments.  
Definitive ranges of serum vitamin D deficiency, insuf-
ficiency, and sufficiency are not only elusive in human  
medicine but are even less researched in veterinary  
medicine and oncology, making it difficult to develop  

recommendations for health and disease. A single study 
has made recommendations for sufficiency in dogs of  
serum vitamin D levels of 100-120ng/ml. Additional  
clinical trials are needed to confirm these findings as well as 
optimal dosing strategies to prevent toxicity and maintain  
adequate therapeutic levels. Nutritional guidelines for 
dietary vitamin D are readily available; however, studies 
are based on growing animals without correlating serum  
vitamin D levels. Dosing schedules for oral supplementation  
have not been determined, and further research will be 
needed to fill the gaps of limitations in our knowledge. 
With the recent interest and ongoing research in the area 
of vitamin D, the vital role of this hormone in oncology 
patients and beyond will no doubt be further revealed.
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Scientific Review

Abstract
Anthocyanins are a subset of flavonoids, with robust re-
search documenting their benefits in human health. Indi-
vidual anthocyanidins, anthocyanin-rich extracts of foods, 
and anthocyanin-rich foods (especially berries) have all 
shown marked antioxidant properties and the ability to 
help symptoms of chronic diseases characterized by long-
term, low-grade inflammation. No toxicity has been associ-
ated with them, although some foods are more likely than 
others to elicit an allergic reaction in humans. Multiple 
antioxidant pathways have been identified as the means 
through which their health benefits are accomplished. A 
short-term study has shown their ability to do the same 
for canines without toxic effects. Berries or berry extracts 
hold promise as another functional food additive that can 
aid in the treatment of common inflammatory diseases, 
especially in the geriatric canine.

Introduction
Anthocyanins are a subfamily of flavonoids found in flow-
ers, fruits, seeds, and plant leaves (1). They are pigments, 
creating the bright red-orange to blue-violet color seen 
in plants containing them. In human diets, anthocyanins 
are ingested in amounts up to 9 times greater than other 
dietary flavonoids (2).  Plants produce anthocyanins as a 
protective mechanism against environmental stress fac-
tors, including UV light, cold temperatures, drought, and 
mold (3, 4). Epidemiological studies in humans have con-
centrated on the ability of flavonoids and anthocyanins 
to reduce the incidence of chronic inflammatory diseases 
such as cardiovascular disease, chronic heart disease, and 
Alzheimer disease (4–6). Anthocyanins have antimicro-
bial, antioxidative, anti-inflammatory, anti-thrombotic, 
anti-atherogenic, anti-allergenic, anticoagulant, analgesic, 
immune-modulating, vasodilatory, and anti-mutagenic 
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properties (7–24). They play a role in the prevention and 
treatment of many chronic diseases in humans, such as 
metabolic syndrome, cancer, eye disease, and cardiovascu-
lar disease (24, 25). 

Structure
The flavonoid chemical structure consists of 2 phenyl rings 
and a heterocyclic ring (Figure 1). The anthocyanin struc-
ture is a slightly modified version, resulting in a flavilium 
(2-phenylchromenylium) structure, and including a sugar 
group (Figure 2). The most common anthocyanidins dif-
fer by the presence or absence of -H, -OH, or -OCH3 groups 
at R1 and R2 positions. The sugar molecule moiety (G in 
Figure 2) of the individual anthocyanidin can vary. Glucose 
is the most common, but others such as arabinose or ga-
lactose occur. Glucose gives an anthocyanidin the highest 
solubility and a more significant antioxidant action than 
disaccharide moieties (26).  In a study of cranberry juice, 
a glucose moiety created a more bioavailable anthocyani-
din than a galactose or arabinose moiety (4). The flavilium 
characteristic made them more reactive and among the 
least thermally stable of flavonoid groups (27).

Over 635 anthocyanidins have been identified. More than 
90% of anthocyanins in edible plants are comprised of cy-
anidin, delphinidin, malvidin, pelargonidin, peonidin, and 
petunidin (5). Non-glycosylated anthocyanidins have poor 
chemical stability, so glycosylated forms predominate. The 
chromophore of 8 conjugated double bonds carrying a posi-
tive charge on the heterocyclic oxygen ring is responsible 
for the intense red-orange to blue-violet color produced by 
anthocyanins under acidic conditions (26).

Figure 1

Structural body of a flavonoid

Figure 2

Structural body of an anthocyanidin, also called a flavilium body, 
resulting from slight modification of the basic structural body of 
flavonoids. G indicates site of sugar moiety attachment. R1 and R2 
indicate site of -H, -OH, or -OCH3 groups in the 6 anthocyanidins most 
commonly found in foods.

http://www.torigen.com
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Bioavailability
Anthocyanins are among the few plant polyphenols that 
can be detected in plasma in their native intact forms as 
glycosides. Initially they were thought to have very low bio-
availability, with less than 1% of the intact forms detectible 
in human plasma after absorption by the upper small intes-
tine (2). The anthocyanins absorbed by the proximal small 
intestine subsequently go through phase II transformation 
in the liver (28). Later studies showed that the primary 
protective effects of anthocyanins occur after conversion 
by an intact microbiome in the colon (29). Bioavailability 
of anthocyanin metabolites is 42 times higher than that of 
parent anthocyanins (30).  Metabolites are found in much 
higher concentrations in the blood than are intact antho-
cyanins (2).  Thus, the bioavailability of the most active 
components of anthocyanins should be judged by the ab-
sorption of metabolites, not of whole anthocyanidins.

Studies in rats showed that anthocyanins are rapidly  
absorbed in the stomach and intestine (31). In one study,  
uptake of black raspberry anthocyanins in gastric and 
small intestinal tissue samples of rats reached 7.5% of 
the administered dose, which is much higher than the  
reported bioavailability of these compounds based on  
plasma and urine concentrations. Thus, intact anthocyanins 
may be taken up into the stomach and small intestine tissues  
efficiently but not transported into the circulation (4).  
Dietary anthocyanins have been shown to accumulate in 
the tissues of pigs during long-term feeding, with longer 
residence time in tissues than in the bloodstream (32).

A study of human ileostomy patients showed that 90% to 
95% of anthocyanins reach the large intestine chemically 
intact (29). Within 4 hours, 69% of the original anthocyani-
dins disappeared from the colon, transformed by intestinal 
flora into many circulating and excreted anthocyanin me-
tabolites and catabolic products (27, 32–35). 

Anthocyanins can alter bacterial metabolism and species 
numbers within the intestines. Diets rich in anthocyanins 
protect against intestinal inflammation and increased gut 
permeability and improve colon health (6). Anthocyanins 
can modulate the inflammatory process associated with 
host-microbiome interactions and inhibit activation of the 
signaling pathway mediated by transcription factor Nucle-
ar Factor-κB (NF-κB), resulting in increased beneficial bac-
teria in the gut, especially bifidobacteria (36). 

Several in vivo studies suggest that the type of berry has a 
significant effect on the absorption and metabolism of an-
thocyanins. For example, one study found that 5% of antho-
cyanins in cranberry juice were recovered from the urine 
of humans after drinking the juice. In contrast, other stud-
ies recovered only 1.8% to 2% of anthocyanins from hu-
mans drinking strawberry juice (37, 38). This could reflect 
either higher excretion of anthocyanins in cranberry juice 
or greater metabolism of anthocyanins in strawberry juice 
and illustrates that one cannot generalize about availabil-
ity or metabolism of anthocyanins from a study of a single 
anthocyanin source. 

Effects in humans
Anthocyanin metabolites contribute to the improvement of 
human health (39). In vitro and in vivo studies of both lab 
animals and humans have shown that diets high in antho-
cyanidins or anthocyanidin-containing foods can improve 
or reverse oxidative stress, lung inflammation, type 2 dia-
betes, Alzheimer disease, cognitive impairment resulting 
from neuroinflammation, other CNS-related aging process-
es, obesity, cardiovascular disease, congestive heart fail-
ure, and inflammatory bowel disease (1, 4–6, 32, 40-45).

Anthocyanins alleviate oxidative stress through the down-
regulation of inflammatory cytokines and suppression of 
cellular signaling pathways of inflammatory processes 
(40).  Several mechanisms are utilized, including capturing 
free radicals and anions, inhibiting xanthine oxidase, che-
lating metal ions, targeting arachidonic acid, and increas-
ing adhesion of molecules (26).

Individual anthocyanidins block NF-κB via their antioxi-
dant capacity, decreasing oxidative stress (46). Through 
the nuclear factor erythroid 2-related factor 2 pathway, 
they induce antioxidant defense (27).  Anthocyanidins in-
hibit cyclooxygenase-2 activity and inhibit the xanthine 
oxidase pathway via increased uric acid concentration (47, 
48). They reverse the activation of c-Jun N-terminal kinase 
and lower the levels of inflammatory markers, including 
p-NF-κB, tumor necrosis factor-α, and interleukin-1β (49). 
The antioxidant potential of anthocyanins and degree of 
inhibition depends on the number of free hydroxyl groups 
or conjugation groups, the degree of glycosylation, and the 
presence of donor electrons in the ring structure (26, 47).
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Anthocyanins have a prebiotic action, demonstrated to 
both protect against and improve the symptoms of inflam-
matory bowel disease (40, 52). They promote the growth of 
beneficial bacteria, inhibit harmful gut bacteria associated 
with inflammatory bowel disease such as Clostridia spe-
cies, and protect against inflammation-associated colorec-
tal cancer in humans. There is a synergistic effect between 
mixed types of anthocyanins, so the benefits are increased 
when more than one kind of anthocyanidin or anthocyan-
in-rich food is used (42). 

Human studies of the effects of foods high in anthocyanins 
have utilized pomegranate juice, blueberries, cranberries, 
chokecherries, strawberries, elderberries, blackberries, 
blackcurrants, mulberries, cherries, black elderberries, 
lingonberries, red cabbage microgreens, black soybeans, 
and jaboticabas (1). These studies have demonstrated ben-
efits such as increases in high-density lipoproteins and 
decreases in cholesterol, low-density lipoproteins, triglyc-
erides, blood pressure, and platelet aggregation (26). They 
protect the hippocampus in a mouse model of Alzheimer 
disease, have a protective effect against inflammation, and 
improve health in states of chronic low-grade inflammation 
(1, 32, 41, 44, 45).  In contrast, studies of individual antho-
cyanidins have shown mixed success in improving chronic 
disease, similar to studies using other single antioxidants 
such as vitamin E, beta carotene, SOD, or glutathione (41). 
Individual antioxidants are more or less oxidant-specific. 
For example, vitamin E targets lipid peroxyl radicals, SOD 
regulates free oxygen to hydrogen peroxide conversion, 
and glutathione removes reactive aldehydes through con-
jugation. No single antioxidant can target all oxidants pro-
duced by the body (50). Therefore, one would expect that 
mixtures of anthocyanidins would produce superior re-
sults by having a broader range of antioxidant activity.

The few studies comparing the use of single versus multi-
ple anthocyanidins or high-anthocyanin-containing foods 
showed better effects with combinations. Multiple types 
of anthocyanidins reduce inflammatory markers in hyper-
cholesterolemic human subjects better than any single 
anthocyanidin (50). Likewise, the use of a combination of 
blackberries and raspberries showed a synergistic, not 
merely additive, total antioxidant capacity when compared 
to the effects of either berry alone (51). This would sug-
gest that future studies to identify the health benefits of 

anthocyanins should use combinations of anthocyanidins 
or anthocyanin-containing foods. Likewise, anthocyanin 
supplements should be most effective when multiple an-
thocyanidins are used, and anthocyanin-containing foods 
in a healthy diet should be most beneficial when including 
different species of plants.
 
Effects in dogs 
There is a single published study of the effects of supple-
menting a canine diet with nutraceuticals, with results 
similar to those in humans. Anthocyanidins were among 
the 4 nutraceuticals studied. A commercial diet was supple-
mented for 60 days in 13 dogs with 0.2 mg/kg of anthocya-
nins extracted from Vaccinium myrtillus.  Blood was drawn 
at the beginning and end of the 60-day feeding trial.  Tumor 
necrosis factor, interleukin 8, NF-κB1, and PG S2 were sig-
nificantly down-regulated, and plasma ceruloplasmin was 
significantly decreased (53).

Anthocyanins are non-toxic in humans. Blood profiles of 
healthy humans given high doses of anthocyanins purified 

https://www.vbma.org/
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from bilberries, blackberries, and elderberries showed no 
indication of harming kidney or liver functions (22). The 
same was found for postmenopausal women taking an 
anthocyanin extract from elderberries for 12 weeks (54). 
Anthocyanins are likely as benign in dogs as they are in 
humans. This author could find no published articles relat-
ing to anthocyanin toxicosis in dogs or humans. The ASPCA 
Animal Poison Control Center has seen only mild gastro-
intestinal signs in dogs that have ingested large amounts 
of commercially available concentrated anthocyanin prod-
ucts, and no renal issues have been reported (a).

Loss in food processing
Anthocyanin concentration in berries was reduced by 46% 
during the high temperature and pressures of canning and 
85% by pasteurization, even though juice from several 
types of berries processed in this way maintained its fla-
vor and color (55, 56). Anthocyanins in berries are also de-
graded by cooking, while antioxidant activity remains the 
same. The degradation from average cooking temperatures 
appears to be similar to metabolic transformation in the 
colon. The degree of degradation differs among the types 
of berries tested (57).

High anthocyanin-containing foods that were encapsu-
lated with pectins or wheat flour (but not a combination 
of starch and wheat gluten) were protected against antho-
cyanin breakdown. They were also protected by fermenta-
tion, using the specific yeast strains used to stabilize the 
red color in wines (44). Encapsulation in liposomes and 

alginate/chitosan microcapsules increased bioefficiency 
for anthocyanins (58, 59). These processing methods could 
increase the value of berries added to commercial dog food.

Discussion
Berries, dried berries, berry extracts, or berry powders 
have the potential to aid in the control of chronic inflam-
matory diseases which are not responsive to conventional 
treatment. Evidence for their use in dogs is empirical, based 
on in vitro and in vivo studies in mice, humans, pigs, and a 
small study in dogs. Currently, no dosages have been iden-
tified or recommended. Further studies to point the way 
for their use should include the pharmacokinetics, metabo-
lism, excretion, and bioavailability of various anthocyani-
dins and their metabolic breakdown products using combi-
nations of berries as the source. Clinical studies should be 
done to determine their efficacy and recommended dose.

Berries are present in some commercial dog foods. Because 
of degradation of anthocyanins from average cooking tem-
peratures and even more so from canning and pasteuriza-
tion, it is likely that there is not enough present to cause 
a positive effect in the health of dogs consuming these di-
ets. However, it would be easy for owners to add berries to 
home-prepared or commercial dog food. Due to their po-
tential anti-inflammatory effect with no reported toxico-
sis, berries could be substituted for high calorie treats for 
obese dogs to decrease total calories in the diet and possi-
bly decrease inflammation associated with obesity. 

Endnote

a. Personal communication via email from Tina Wismer, DVM, MS, 
of the American Society for the Prevention of Cruelty to Animals 
Animal Poison Control Center, March 8, 2020.
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Scientific Report

Abstract
New protein sources are constantly incorporated into pet  
diets, leading to the need for ingredient evaluation. The  
objective of this study was to determine protein quality of 
chicken-based ingredients processed under different condi-
tions. A chick growth assay and in vitro protein digestibility 
were used to determine protein efficiency ratio (PER) and 
protein digestibility–corrected amino acid score (PDCAAS). 
Spray-dried egg (SDEG) had the highest PER (4.94) and was 
similar to high-protein chicken powder (HPCP) and dehy- 
drated chicken breast (DCB) (4.71 and 4.44, respectively). 
High-fat chicken powder (HFCP) PER (4.26) was similar to 
HPCP and DCB but resulted in a lower PER (P < 0.05) compared 
to SDEG. The rendered protein sources had significantly lower 
PER (P < 0.05) than the gently processed dried meats or egg. 
Corn gluten meal (CGM) had the lowest PER (0.19; P < 0.05). 
In vitro protein digestibility was highly correlated (r = 0.91) 
with PER. Maintenance recommendations for dogs and cats 
were used to calculate PDCAAS (1). The ranking was similar 

to the chick PER (r = 0.80 for dog and r = 0.95 for cat; P < 0.05). 
These results would suggest that in vitro protein digestibility  
and PDCAAS could be an alternative method to evaluate pro-
tein quality of ingredients in the production of pet foods.

Introduction
Pet food is a $33 billion industry in the U.S. that continues 
to grow by 4% each year (2). Much of this growth is due to 
new types of foods based on alternative processes and/or 
novel concentrated protein sources from plant or animal 
origin. Commonly used protein sources, such as dried egg or  
rendered meat products, have been evaluated extensively 
as protein sources for livestock and pets (3–7). In these 
studies, protein efficiency ratio (PER) (2, 4, 6); digestibility  
(4, 5); nitrogen retention (5); and growth performance  
(ie, average daily gain, feed intake, etc.) (6) assays were used 
to evaluate the protein sources. However, many of these new  
protein sources lack published research to describe their  
nutritional value. Thus, there is a need for ingredient  
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evaluation to determine nutrient quality and utilization. Evalu-
ation by the target species (eg, the dog or cat) would be ideal, 
but this can be expensive and time consuming and presents 
social and welfare issues for most pet food companies. Another 
approach is to use a model animal, such as the chick, in a PER 
assay (3). The PER limits the protein level to 10%, whereas all 
other nutrients are formulated to meet the requirement of the 
animal. Chicks provide a good model because they are gen-
etically uniform and are sensitive to subtle changes in diet  
composition and process. This method also allows for the  
calculation of net protein ratio (NPR), which accounts for  
mainten-ance requirements for protein; however, it does not  
provide information on ingredient digestibility. A more rapid  
option that does not rely on an animal model is an in vitro (bench\
top) assay. The goal is to mimic the digestion conditions occur-
ring in the animal to quantify nutrient disappearance. Protein  
digestibility determined by this method can be used to calculate 
a protein digestibility–corrected amino acid score (PDCAAS) 
(8). This method has been evaluated in human nutrition for  
decades and is an accepted method by the World Health  
Organization (8). This computed value is based on the amount 
of the first limiting essential amino acid compared to a  
reference protein. The objective of this experiment was to  
determine the effect of processing (minimally processed vs. 
high-heat process) on PER of various protein sources relative 
to an in vitro protein digestibility and calculated PDCAAS. It 
was our hypothesis that the PDCAAS method would be cor-
related to the chick results and provide an alternative to  
evaluate protein quality on a more rapid basis.

Materials and Methods
This study was approved by the Kansas State University  
Institutional  Animal Care and Use Committee (protocol 
#3717). 

Ingredients
The study sponsor supplied individual protein ingredi-
ents, including spray-dried egg (SDEG) (a); high-fat chicken 
powder (HFCP) (b); high-protein chicken powder (HPCP) 
(b); dehydrated chicken breast (DCB) (b); chicken meal 
(CM) (c); chicken by-product meal (CBPM) (c); poultry by-
product meal (PBPM) (d); and corn gluten meal (CGM) (e). 
The high-heat treatments included CM, CBPM, and PBPM, 
which were processed via rendering at temperatures be-
tween 115°C and 140°C. The gently processed ingredients 
included SDEG, the chicken powders, and DCBs, which 
were subjected to short duration and low-heat processes.  
Vitamin and mineral premixes (f) were sourced imme-
diately prior to the production of experimental chick  
diets. Ingredients were analyzed for moisture, crude  

protein (CP), crude fat, crude fiber, and ash as established 
in previous work (Table 1) (3). Test ingredients were 
also analyzed for their amino acid composition as stated  
by Donadelli et al. (3).

Diets
The nitrogen-free (N-free) diet served as a negative control  
(Table 2) (3). The experimental diets consisted of test  
ingredients added to the N-free diet, replacing equal pro-
portions of corn starch and dextrose in a manner similar 
to Cramer et al. (7). Each experimental diet was formulated 
to contain 10% CP, solely from the test ingredient, while 
meeting all other requirements on an as-fed basis. The 
SDEG served as the positive control. Each diet contained 
soybean oil (source of essential fatty acids, specifically,  
linoleic acid), minerals, vitamins, and choline chloride to 
meet the chicks’ daily requirements (9). 

Chick PER Assay
One-day-old male broilers (Cobb*Cobb) (g) were placed 
on a starter diet (23% CP) for 6 days. On day 7, following 
an 8-hour fast, chicks were weighed individually, sorted  
by weight, and assigned to pen by weight to achieve  
similar starting weights across treatments. Experimen-
tal diets were randomly assigned to pen and battery in a 
completely randomized experimental design. Water was  
provided ad libitum throughout the experiment. After 
10 days on feed, birds were fasted for 8 hours and then 
weighed by pen. Feed disappearance was recorded to  
determine CP intake (CPI) and gain to feed ratio. PER and 
NPR were calculated as follows:

PER =  BWG
            CPI

NPR =  (BWG-GNfree)
          CPI

where BWG is body weight gain (grams), CPI is crude protein 
intake (grams), and GNfree is weight gain (loss) of the chicks 
from the N-free diet (grams). The NPR accounts for the main-
tenance protein requirement.

In vitro protein digestibility
To determine in vitro protein digestibility, 1 g of sample was 
weighed into 50-ml centrifuge tubes. To this, 15 ml of 0.1 N 
hydrochloric acid-pepsin (HCl-pepsin) (porcine) (h) solution  
was added to each tube and placed in a shaking water bath 
for 3 hours at 37°C. After pepsin incubation, the tubes were 
removed and 7.5 ml of 0.5 N sodium hydroxide (NaOH) was 
added to each to neutralize the sample and stop pepsin  
hydrolysis. To this, 4 mg of porcine pancreatin (i) was added  
to 7.5 ml of phosphate buffer (pH 8), followed by 1 ml of  
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Table 1. Proximate Analysis, Essential Amino Acid Composition of Protein Sources, Available Lysine, Sum of 
the Total Nonessential Amino Acids, and Hydroxyproline of Experimental Protein Sources

Item SDEG HFCP HPCP DCB CM CBPM PBPM CGM

Proximate Analysis*

Moisture 5.90 3.18 4.27 18.69 4.95 5.41 3.46 12.14

Crude protein 57.60 50.00 81.10 49.80 69.20 69.40 61.00 75.00

Crude fat 35.60 33.70 17.90 8.40 14.70 12.40 12.60 2.79

Crude fiber ND ND ND 1.00 0.21 0.32 0.26 1.48

Ash 4.46 5.00 3.67 6.86 13.20 13.50 25.10 2.14

Amino Acid Analysis**

Arginine 6.10 6.71 6.96 6.57 7.07 7.19 7.31 3.20

Cystine 2.40 1.15 1.17 1.12 1.24 1.15 0.92 1.73

Histidine 2.48 3.15 2.87 3.56 2.06 2.09 1.88 1.86

Isoleucine 5.41 4.62 4.98 5.12 4.07 4.02 3.46 4.01

Leucine 8.47 7.58 8.12 8.18 7.05 6.98 6.15 15.27

Lysine 7.56 8.48 8.86 8.23 6.34 6.41 5.85 1.80

Available 
lysine

7.38 8.31 8.51 8.00 5.63 5.65 5.19 1.73

Methionine 3.28 2.49 2.73 2.39 1.94 1.98 1.77 2.22

Phenylalanine 5.48 4.13 4.41 4.18 4.08 4.06 3.63 5.99

Threonine 4.57 4.35 4.54 4.41 3.87 3.81 3.44 3.21

Tryptophan 1.71 1.36 1.50 1.48 1.08 1.07 0.83 0.69

Tyrosine 4.04 4.22 3.94 5.17 3.57 3.54 2.95 5.00

Valine 6.90 5.03 5.36 5.43 4.97 4.84 4.20 4.37

Total NE*** 22.84 21.94 34.14 17.01 32.65 32.58 33.15 35.15

HyPro 0.00 1.64 1.02 0.23 3.47 3.67 5.30 0.07

*Percent on dry matter basis.
**Expressed as a percentage of total amino acids on as-is basis.
***Total NE = alanine, aspartic acid glutamic acid, glycine, hydroxy lysine, hydroxy proline, lanothine, ornithine, proline, serine.
Abbreviations: HyPro, hydroxyproline; ND, not detected; NE, nonessential.

sodium azide (for microbial control). Tubes were then placed 
in the shaking water bath for 18 additional hours at 37°C. 

After 18 hours of incubation, 1 ml of 10% trichloroacetic 
acid (TCA) was added to each tube. The samples were then 
centrifuged at 20,000g for 5 minutes. The supernatant was 
removed, and the samples were washed with distilled water 
and centrifuged again. This process was repeated 3 times. 
Samples were then filtered using dried filter paper (j) and 
dried over night at 105°C. The residual sample was then  

analyzed for nitrogen using the modified Kjeldahl procedure  
described by Bremner et al. (10). 

Protein digestibility was determined using the following 
equations:

CP = N % x 6.25
Residue CP = residue weight x CP

Protein digestibility =
   sample CP (g) – residue CP (g)   x 100

                                     sample CP (g)( (
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PDCAAS was determined using the following equations:

Limiting amino acid (LAA) =
   Amino acid in test protein

                                                        Reference protein

PDCAAS = (LAA x digestibility) x 100

Statistical Analysis
Chick data were analyzed as a completely randomized  
design using the general linear model (GLM) procedure of 
a commercial statistical analysis software (k). Treatment  
means were separated by significant F, with α = 0.05. The 
relationship between PER, in vitro protein digestibility, 
and PDCAAS was analyzed using the Pearson correlation 
coefficient (k).

Results
Moisture content was highest for DCB (18.69%) and 
CGM (12.14%). All other test ingredients had mois-
ture levels below 6%. CP content was highest for HPCP,  
followed by CGM, the rendered protein meals (CM, 
CBPM, PBPM), and SDEG. The lowest CP values were  
observed with HFCP and DCB (Table 1). Fat content was  
highest for SDEG and HFCP. The rendered protein meals  
had fat contents ranging from 12.5% to 15.0%. DCB and  
CGM had the lowest total crude fat (8.40% and 2.79%, 
respectively). Fiber was not detected in SDEG, HFCP, and 
HPCP. All other test proteins had fiber content below 1.5%. 
PBPM had the highest amount of ash (25.15), followed by 
CM and CBPM (13.2% and 13.5%, respectively). 

The essential amino acid profile along with total non-
essential amino acids and the level of hydroxyproline as 
a percent of total amino acids are reported in Table 1.  
The available lysine content for SDEG was 7.38%. 

HFCP, HPCP, and DCB all had available lysine values 
between 8.0% and 8.5%. Available lysine for CM was 
5.63%, CBPM 5.65%, and PBPM 5.19%. CGM had the 
lowest available lysine level at 1.73%. SDEG had the 
highest methionine level at 3.28%, followed by HPCP 
(2.73%), HFCP (2.49%), DCB (2.39%), and CGM (2.22%).  
Methionine values were below 2% for CM, CBPM, and PBPM.  
Arginine content for CGM was much lower compared  
to all other ingredients. Total nonessential amino  
acids were numerically higher for HPCP, CM, CBPM, PBPM, 
and CGM. DCB had the lowest total nonessential amino  
acids. Hydroxyproline, an indicator of connective tissue, 
was greater in the rendered products (CM, CBPM, and PBPM).  
Hydroxyproline was not detected in SDEG and was below 
0.30% for DCB and CGM. Both of the chicken powders had  
levels of hydroxyproline between 1.00% and 1.65%.

BWG was greatest for HPCP, DCB, and SDEG (P < 0.05)  
(Table 3). HFCP was lower than the HPCP but not dif-
ferent from SDEG or DCB. The poorest weight gain 
was observed in chicks fed CGM as the protein source. 
Feed intake was reduced when diets contained PBPM 
or CGM compared to SDEG (P < 0.05). Feed intake was 
highest for the minimally processed  protein sources  
(SDEG, HFCP, HPCP, and DCB) compared to the  
rendered protein meals (CM, CBPM, PBPM) and CGM  
(P < 0.05). CGM had the poorest feed intake (P < 0.05).

SDEG had the highest PER at 4.94 g gain/g protein intake. 
The PER of HPCP and DCB was similar to SDEG (4.71 and 4.44,  
respectively), whereas the PER for HFCP was lower  
(4.26; P < 0.05) than SDEG but was not different from the 
HPCP or DCB (P < 0.05). The next distinct group was the CM 
and CBPM. CM had a PER of 3.35, and CBPM had a PER of 3.25. 
Both ingredients had lower PER (P < 0.05) compared to SDEG, 
HPCP, HFCP, and DCB. PBPM had a PER of 2.55, which was 
lower (P < 0.05) than the other 2 rendered protein meals. The 
lowest PER value was observed for chicks fed the diet contain-
ing CGM (0.19; P < 0.05). NPR was also calculated to account 
for protein maintenance requirements, and these values  
were ranked similarly to the PER.

In vitro digestibility was greater than 95% for SDEG, HFCP, 
HPCP, and DCB (Table 4). Digestibility of CM was 68%, CBPM 
was 70%, and PBPM was 74%. The lowest digestibility was 
observed for CGM at 53%. For all test proteins, tryptophan 
was the limiting amino acid (LAA) for dogs (maintenance). 
PDCAAS was strongly correlated with PER values (Figure 1;  
r = 0.80; P = 0.015). PBPM and CGM had the lowest PDCAAS 
and lowest PER. HPCP had the highest PDCAAS (23.26). To 

Table 2. Ingredient Composition of N-Free Diet

Ingredient Percentage (as fed)

Cornstarch:dextrose (2:1, wt/wt) to 100

Soybean oil 5.000

Mineral premix* 5.365

Vitamin premix** 0.203

Choline chloride 0.220

*Percentage of the diet: Ca3(PO4)2, 2.8; CaCO3, 0.3; CoSO47H2O, 0.0001; 
CuSO4*5H2O, 0.002; ferric citrate, 0.0415; H3BO4, 0.009; K2HPO4, 0.9; KI, 0.004; 
MgSO47H2O, 0.35; MnSO4*H2O, 0.065; Na2-MoO42H2O, 0.0009; Na2SeO3, 
0.00002; NaCl, 0.88; and ZnCO3, 0.01; total, 5.365. 

**Supplied the following per kilogram of complete diet: vitamin A, 5,200 IU; 
vitamin D, 1,080 IU; vitamin E, 30 mg; vitamin B12, 0.04 mg; riboflavin, 10.0 
mg; niacin, 50.0 mg; pantothenic acid, 27.6 mg; vitamin K, 2.0 mg; folic acid, 
4.0 mg; vitamin B6, 5.0 mg; thiamin, 17.8 mg; and biotin, 0.6 mg.
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calculate PDCAAS for cats at maintenance, phenylalanine 
plus tyrosine and taurine were used (Table 4). For cats, the  
PDCAAS was correlated to the PER (Figure 1; r = 0.79; P = 0.019).  
SDEG had the highest PDCAAS, followed by HPCP (66.77 and 
61.73, respectively). CM and CBPM were similar (44.94 and 
45.62, respectively), and PBPM was lower (37.59). The lowest 
PDCAAS was observed with CGM (19.76).

Discussion
The premise of the PER assay is that growth is limited by 
the availability of an essential amino acid if all other nu-
trients are sufficient. Therefore, energy density does not 
affect the performance of the chicks (3). BWG for chicks 

fed SDEG, CBPM, and PBPM was similar to those reported 
by Dust et al. (11). For chicks fed the CM treatment, weight 
gain was higher than that reported by Donadelli et al. (3). 
This difference could in part be the result of bird genet-
ics over time as well as the composition and processing of 
the protein meals. In this case, it may be due to the lower 
available lysine in these 2 test ingredients. Lysine avail-
ability for CM in this experiment was 88.8%, whereas the 
availability reported by Donadelli et al. was 78.0% (3). The  
reduced lysine availability is a potential indication of greater 
heat or residence time during processing because lysine  
reacts with reducing sugars during heating. Wang and  
Parsons observed that high processing temperature  

reduced weight gain of chicks fed experimen-
tal diets containing meat and bone meal, 
which was attributed to the reduced di-
gestibility of lysine, methionine, cysteine, 
and threonine (12). Johnson et al. reported 
digestibility of amino acids in cannulated 
dogs to be higher when meat and bone meal 
was processed at a lower temperature (13).

In this experiment, CGM had the lowest 
BWG for chicks and is consistent with previ-
ous reports (3, 14). Examining the amino 
acid profile of CGM, the lysine content was  
substantially lower than the other test  
ingredients. Peter et al. completed a deletion  
assay to determine the LAA for CGM when 
fed to young chicks and reported that lysine  
was the most limiting for growth (15). 
The second and third LAAs observed by  

Table 3. BWG, Feed Intake, CPI, PER, NPR, and PER and NPR as a Proportion of Egg for Various Protein 
Sources Fed to Week-Old Chicks for 10 Days

Treatment BWG (g) Feed Intake (g) CPI (g/bird) PER* NPR** PER % SDEG NPR % SDEG

SDEG 123.29a,b 249.54a,b 24.95a,b 4.94a 5.81a 100.00a 100.00a

HFCP 101.91b,c 232.95a,b,c 23.29a,b,c 4.26b 5.27b 86.40b 90.68b

HPCP 127.95a 271.75a 27.17a 4.71a,b 5.50a,b 95.30a,b 94.74a,b

DCB 121.12a,b 270.00a 27.00a 4.44a,b 5.26b 89.94a,b 90.55b

CM 89.91c,d 267.95a 26.79a 3.35c 4.16c 67.97c 71.71c

CBPM 73.04d,e 225.20b,c 22.52b,c 3.25c 4.22c 65.94c 72.71c

PBPM 52.12e 204.00c 20.40c 2.55d 3.61d 51.65d 62.21d

CGM 3.16f 121.91d 12.19d 0.19e 2.00e 3.89e 34.40e

N-free basal diet −21.63g 107.96d NA NA NA NA NA

*Bird gain (g) per protein intake (g).

**Bird gain (g) (treatment 1 loss, g) per unit protein intake (g).
a–g Means in a column with unlike superscript differ (P < 0.05).

Abbreviation: NA, not applicable.

Correlation between PER and digestibility (P = 0.001; r = 0.91), PER and dog PDCAAS  
(P = 0.015; r = 0.80), and PER and cat PDCAAS (P = 0.019; r = 0.79).

Figure 1
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Peter et al. were tryptophan and arginine (15). The amino  
acid data for this current research present much lower pro-
portions of these 2 amino acids compared to the other  
protein sources evaluated in this study. In addition to the 
low lysine and arginine levels in CGM, it is also important 
to consider the ratio of these 2 amino acids. It has been  
reported that when there is more arginine in the diet com-
pared to lysine, growth of birds will be depressed (14, 16).  
A possible reason for this antagonistic relationship  
between lysine and arginine is the manner in which they are  
absorbed in the gastrointestinal tract. Both arginine and  
lysine are absorbed by the same transporter, leading to 
competition for uptake (17).

PER is a measure of protein quality that can identify small  
differences in amino acid profiles and allows for the evalu-
ation of a single ingredient. SDEG is often used as the ideal  
protein source when conducting PER assays, and thus it  
typically results in the greatest value. In the current experi-
ment, PER for SDEG was the highest at 4.94. Other authors 
have reported that SDEG was the highest value in their  
studies (3, 11). PBPM resulted in a lower PER, most likely  
because it contains lower amounts of cysteine, methionine, 
and tryptophan compared to SDEG. Dust et al. reported a  
similar amino acid profile for their PBPM source and their  
resulting PER results (11). PER was lower compared to SDEG, 
and the methionine and tryptophan levels were also lower. 
Johnson and Parson also observed a similar PER value for 
PBPM to that of the current experiment (18). 

CM in this experiment had a higher PER value than what 
was reported by Donadelli et al. (3). The CM sources in the  
current experiment had a cysteine level of 1.24 as a percent of 

total amino acids. The availability of lysine in this ingredient 
was 88.8%. The CM sourced in the previous experiment had 
a slightly lower levels of cysteine, and the availability of lysine 
was 78%. These lower values may explain why the CM in the 
current experiment resulted in a higher PER. 

In this experiment, CBPM did not differ from CM. This was not 
the case in the experiment conducted by Donadelli et al. be-
cause the CBPM had a higher PER (3). This may be due to higher 
cystine concentration and lysine availability of the CBPM. In 
the current experiment, these differences were not present. 

PBPM had a lower PER value compared to the CM and CBPM. 
Comparing these 2 ingredients, the levels of cystine and lysine 
were lower than the CM or the CBPM. Dust et al. reported  
similar results in which birds fed the PBPM treatment had 
lower performance compared to birds fed an experimental  
diet with CBPM (11). However, in the case of these  
2 ingredients, Dust et al. reported a lower arginine level; the  
level of cystine was not reported for their study (11). Johnson 
and Parsons also examined PBPM and reported PER to be 
slightly higher at 9 days (18). This specific poultry meal was 
used in a second study in which digestibility was determined 
in cecectomized roosters and illealy cannulated dogs (13). 
The amino acid profile reported in the second experiment had 
a higher level of lysine, methionine, and cystine, which might 
explain the higher PER obtained in the study.

In addition to an in vivo study (PER), protein quality can be 
measured via in vitro laboratory assay. One such method is 
the in vitro pepsin-pancreatin digestibility assay (19). Using 
the pepsin-pancreatin in vitro method, digestibility values 
were obtained for the test proteins. SDEG, the control protein, 

Figure 1Table 4. Pepsin-Pancreatin in Vitro Protein Digestibility, LAA, AAS, and PDCAAS of Select Protein 
Sources Intended for Pet Food

Dog Cat

Ingredient Digestibility, % LAA AAS* PDCAAS LAA AAS* PDCAAS**

SDEG 99 Trp 0.19 18.73 Phe + Tyr 0.67 66.77

HFCP 99 Trp 0.13 13.30 Phe + Tyr 0.53 52.30

HPCP 97 Trp 0.24 23.26 Phe + Tyr 0.85 82.92

DCB 95 Trp 0.12 11.67 Phe + Tyr 0.50 47.22

CM 68 Trp 0.15 9.91 Phe + Tyr 0.66 44.94

CBPM 70 Trp 0.14 10.03 Phe + Tyr 0.65 45.62

PBPM 74 Trp 0.10 7.70 Phe + Tyr 0.51 37.59

CGM 53 Trp 0.09 4.95 Arg 0.55 29.19

*AAS = amino acid content of test protein/reference amino acid. Reference amino acid dog or cat maintenance recommended values (1).

**PDCAAS = (AAS × protein digestibility) × 100.

Abbreviations: AAS, amino acid score; Arg, arginine; Phe, phenylalanine; Trp, tryptophan; Tyr, tyrosine.
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had a digestibility of 99%. Norberg et al. reported the digest-
ibility of amino acids using ducks as the model with an average 
of 92.2% among the indispensable amino acids (4). The DCB 
had a digestibility of 95%. Oba et al. reported an average of 
88.4% for indispensable amino acids in raw chicken (20). The  
anatomical location of the raw chicken (ie, breast or leg) was 
not described. However, the amino acid profile was reported. 
The level of lysine on a dry matter basis for the raw chicken 
was 2.94, whereas the DCB had a level of 3.89. This difference 
and the unknown anatomical locations of the chicken source 
(ie, differences in amino acid profile or level of connective  
tissue) are potential reasons why these differences occurred. 
The digestibility of the raw chicken was also determined  
using a cecectomized rooster and led to potential differences 
in enzyme activity between the in vivo and in vitro methods 
(20). The activity of enzymes will vary among animals, lead-
ing to differences, whereas the in vitro method uses a single 
strength or amount on each sample.

Rojas and Stein reported that the apparent ileal digestibility 
of CM when fed to weanling pigs was 57.5%, which is lower 
than the 68.0% for the current CM source (21). Compared 
to the current CM, there were few differences in the amino 
acid profile; however, lysine was lower at 3.49 vs. 3.93. The  
percent of available lysine was also not reported because a 
lower available lysine could lead to the reduced digestibility  
in the CM fed to pigs. A lower lysine availability could be an 
indication of damage due to heat during processing. This 
damage could lead to a lower protein digestibility because the 
amino acids are no longer available for digestion by enzymes. 
PBPM was also fed to weanling pigs (in vivo) in the same study 
and resulted in a digestibility of 62.9% in which the PBPM 
used for the in vitro assay resulted in a digestibility of 74.0%. 
All of the amino acids for both PBPM sources are fairly similar. 
However, available lysine was not reported (21). The lysine 

availability could indicate whether the protein source was 
damaged by heat during production. 

There are also biological differences when comparing an in 
vivo model to an in vitro model. The in vivo model evaluating 
foods often contains a variety of different ingredients to meet 
the animal’s nutrient requirements, which could interfere 
with digestibility. The in vitro model used in the current study 
evaluated the protein source alone to determine digestibility.

The cecectomized rooster is often reported as a model to  
determine the digestibility of an ingredient (13, 21–23). 
In this assay, the cecum is removed to eliminate protein 
from fermentation by microbes in the excreta. This allows  
for small intestinal digestibility to be determined. CGM 
resulted in our lowest in vitro protein digestibility  
(53%). This was much lower compared to the in 
vivo (cecectomized rooster assay) of Kim et al. and  
de Godoy et al., who reported digestibility for total in-
dispensable amino acids of 93% and 94%, respectively  
(22, 24). This difference is quite large between the in vivo 
and in vitro study. A comparison of protein disappearance 
with an incubation time of 6 vs. 24 hours in an in vitro model  
demonstrated that at 6 hours of incubation CP  
disappearance was 49.3% (22). Thus, nearly half of the 
protein was digested. When the sample was incubated for  
24 hours, the disappearance increased to 94.1%, which 
compares favorably with the cecectomized rooster results. 

However, for the in vitro protein digestibility assay tech-
nique, 6 hours of HCl-pepsin incubation is very common 
(22). There are also several reports for 3 hours of incubation 
(25–27). Preliminary work conducted in our lab resulted in 
no difference between 3 and 6 hours. Thus, 3-hour HCl-pepsin  
digestion was used for this study. For corn gluten, the  

http://www.torigen.com
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digestibility and PER were lower for the CGM than the poultry  
sources. This may be due to the sulfur crosslinks found in corn 
zein protein (28). In addition, the correlation between the 
 current PER results and the protein digestibility with 3 hours 
of incubation was high (r = 0.91; P = 0.001).

The protein digestibility obtained from the in vitro assay was 
used to calculate a PDCAAS. PDCAAS would typically use a  
digestibility score obtained from rats (29). However, there are 
reports in which an in vitro digestibility estimate was used 
with good results (22). This PDCAAS method considers the 
LAA of each ingredient and provides a numerical value that 
can be used to rank or score proteins on their quality. The 
goal of this research was to calculate these scores using dog 
and cat references to determine if they correlated to the chick 
PER. For these calculations, the amino acid–recommended  
allowance for both dog and cat at maintenance was referenced  
because these ingredients are used in pet foods (9). The rec-
ommended allowance was chosen instead of the minimum in 
part due to the lack of information for amino acid requirements 
for cat maintenance at “the minimum levels” (1). In addition, 
when formulating a complete diet, a formulator will opt to use 
the recommended level instead of the minimum requirement.

The LAA for PDCAAS using dog maintenance as the reference 
was tryptophan, whereas the LAA for the cats was phenyl-
alanine plus tyrosine. The PDCAAS was calculated for each  
essential amino acid in order to determine these LAAs. In  
addition to the LAAs, lysine, available lysine, and methionine 
plus cystine were considered. However, the lowest amino 
acid scores for dogs and cats observed were tryptophan, 
phenylalanine plus cystine, and arginine, respectively. These 
LAAs were used to calculate the PDCAAS (Table 4). In the  
current work, the calculated PDCAAS was compared to the 
PER values obtained from the growth assay. The PDCAAS for 
cats had a correlation of r = 0.79 (P < 0.05), and for dogs the  
correlation was r = 0.80 (P < 0.05) relative to the PER. The goal 

of this study was to determine if the 2 methods would rank 
the proteins in a similar manner. Sarwar reported both PER 
and PDCAAS values for different protein sources fed to rats 
but did not report a correlation value between the 2 values 
(30). Using their data, a Pearson correlation was calculated 
to be r = 0.71. This is lower than the values observed in the  
current study but still sufficiently high enough to suggest 
some agreement. Sarwar also stated that there was a potential  
drawback to PDCAAS because it can overestimate the protein 
quality of an ingredient (30). Sarwar suggested that PDCAAS 
determined total digestibility and does not take into account 
differences in bioavailability of specific amino acids (30). The 
prime example from their study was mustard flour with a 
PER of 0 vs. a PDCAAS of 84. However, even if there was an 
overestimation, it was possible protein sources would have 
been ranked in a similar manner to an animal PER study if a 
test for correlation had been conducted. The outcome from 
our work could potentially reduce the need to use animals for  
routine assessment of protein quality and reduce the time 
necessary for evaluating an ingredient. This might provide  
an opportunity for ingredient testing in a production  
setting and allow for adjustments to address shortcomings in 
a timelier fashion.

Overall, using the chick PER assay, we were able to rank the 
protein sources based on their protein quality of the ingre-
dients. The gently processed proteins HFCP, HPCP, and DCB 
had significantly greater protein quality than the rendered 
protein meals. This is reflected in their higher PER and digest-
ibility results. In vitro protein digestibility was correlated to 
the PER (r = 0.91; P < 0.05). The PDCAAS ranked samples in a 
similar manner to PER (r = 0.80 and r = 0.79 for dog and cat, 
respectively; P < 0.05). From these data, an in vitro protein 
digestibility and computed PDCAAS value for ingredients 
may be an option to assess protein quality in a more ethical 
and timely manner. 
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From The Literature

The feeding of raw diets to pets has been vigorously  
debated.  Proponents hold that raw diets are moisture rich, 
less processed, and elicit fewer recognized food sensitivity 
reactions. Benefits to digestibility, intestinal integrity, and 
overall health are also recognized (1). Opponents insist that 
the risk of transmitting food-borne pathogens is unaccept-
able, mostly based upon recalls of a few contaminated and 
unsanitary raw food products (1).  Dry kibble, however, also 
has been recalled—for contamination with toxins or with 
Salmonella, Listeria, or Campylobacter spp. After all, food is 
never a sterile commodity.

This cross-sectional study used data from a worldwide  
internet survey to evaluate the impact of raw pet foods on 
human health from the owners’ experience. Of the 16,475 
households surveyed, 39 (0.2%) reported pathogen trans-
mission from raw pet food to a human family member  
during the time raw feeding was used. In 3 households 
(0.02%), the same pathogen was confirmed in both the  
human sample and the raw pet food.  Another 24 households 
(0.1%) reported suspicion that a disease could have been 
transmitted to a person from the pet food. Feeding salmon 
and turkey, feeding raw for greater than 50% of the diet, 
and preparing the raw food in the same place and with the 
same utensils as the family foods all had negative associa-
tions with infections. The presence of 2- to 6-year-old child- 
ren in the household was associated with more infections,  
although these infections most frequently were in adults.

The authors describe the limitations of survey studies. For 
instance, those opposed to raw feeding might give false  
positive answers about the transmission of pathogens, 
whereas those in favor could give false negative answers. 
Mild symptoms might be overlooked in some households, 
thereby introducing false negative data. Householders who 
have experienced a food-borne infection in themselves or 
their pets might be more motivated to answer the survey 
than those who have not (1).

The study results showed that the actual risk to humans in 
households where pets were fed raw diets was negligible (1). 
Despite the low risk, common sense dictates that raw pet 
foods should not be fed to very young puppies; pets in house-
holds with severely immunocompromised individuals; and 
pets with liver or bowel cancers, especially if peristalsis of 
bowel segments is irregular, thereby producing pockets of 
bowel stasis and promoting bacterial growth. The bacteria 
may then travel up the bile duct and further damage the  
remaining liver tissue (1).

Summary by W. Jean Dodds, DVM
Editorial Committee

Owners’ Perception of Acquiring 
Infections Through Raw Pet Food: A 

Comprehensive Internet-Based Survey
Anturaniemi J, Barrouin-Melo S, Zaldivar-López S, Sinkko H, Hielm-Björkman A.
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From The Literature

Oligosaccharides, abundant in human breast milk, contrib-
ute to a nursing infant’s immune development and healthy 
gut microbiome. Oligosaccharides have been found to  
enhance growth of beneficial bacteria and prevent patho-
genic adhesion to intestinal mucosa, diminishing the risk of 
infection while modulating immune function and supplying 
nutrients for brain development. Although breastfeeding  
is recommended for the first 6 months of an infant’s life,  
formulas have been developed to provide an alternative 
source of nourishment for infants when breastfeeding is not 
possible. While cow milk-based infant formulas are widely 
used, goat milk-based formulas are increasing in popularity 
and assumed to be more similar to human milk, with higher 
levels of oligosaccharides than cow milk. 
 
This study explored the naturally occurring oligosaccharide 
composition and concentration found in commercial goat 
milk-based Stage 1 and Stage 2 infant formulas, particu-
larly examining their prebiotic and anti-pathogenic quali-
ties (1). Using liquid chromatography/mass spectrometry,  
oligosaccharide detection and quantification were deter-
mined at concentrations that promote the in vitro growth 
of several probiotic species such as Bifidobacterium animalis  
subspecies and Lactobacillus acidophilus 4461. Fourteen  
quantifiable oligosaccharides were discovered in Stage 1 and 
Stage 2 goat milk-based infant formula, 5 of which were struc-
turally similar to oligosaccharides found in human breast 
milk. Their presence significantly increased the growth of 

probiotic Bifidobacteria and Lactobacillus species, and  
decreased the adhesion of Escherichia coli NCTC 
10418 and Salmonella typhimurium to human colorectal  
epithelial adenocarcinoma cells.  

Based on the results, the concentration and diversity of oli-
gosaccharides found in goat milk-based infant formula may 
be beneficial to infants’ gut health and immunity due to their 
inherent prebiotic and anti-pathogen adhesion properties. 
The anti-pathogenic properties can decrease the incidence 
of gastrointestinal bacterial infections that can further com-
promise infant health and development. For infants exhibit-
ing an intolerance to cow milk-based formulas, this can be 
an excellent alternative when a formula is needed. From a 
veterinary perspective, goat milk based formulas might also 
benefit companion animals, especially when an intolerance 
to cow-based dairy is suspected. 

Summary by Kristy Herman, BS, LVT 
Editorial Committee
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From The Literature

Repositioning, or repurposing of drugs, is the process of find-
ing new treatment indications for established medications. 
This has the advantage of reducing costs as compared to  
developing new drugs, since repositioned drugs already have 
well documented in vivo and in vitro studies as well as phar-
macokinetic and pharmacodynamic profiles. Repositioning is 
especially attractive in cancer medicine as it can bring new 
treatment approaches to patients in less time. Examples of 
drugs repositioned for cancer treatment include NSAIDs,  
thalidomide, zoledronate, and all-trans retinoic acid.

Ivermectin is one such drug that has been evaluated for its  
antineoplastic effects, as discussed in this review (1). Iver-
mectin belongs to the avermectin group, which comprises 
16 macrocyclic lactone compounds discovered in 1967 and  
FDA-approved for use in humans in 1987. Currently used as an 
anti-parasitic drug in both human and veterinary medicine, 
it is recognized as nematocidal, acaracidal, and insecticidal.  
Multiple mechanisms of antineoplastic effects have been  
elucidated in both in vitro and in vivo studies with ivermec-
tin. These  include inhibition of the multi-drug resistance 
 phenotype, induction of mitochondrial dysfunction and oxida-
tive damage, induction of immunogenic cell death, induction of  
autophagy, and modulation of the epigenetic deregulator 
genes SIN3A and SIN3B. Other cellular targets of ivermectin 
are the Akt/mTOR and WNT-TCF pathways, Pak-1 protein, and  
chloride channel receptors. The antitumor effects of  
ivermectin have been studied extensively in vitro with  
human cancer cell lines, including those for leukemia, glio-
blastoma, melanoma, and ovarian, prostate, colorectal,  
and breast cancers. It has been studied in murine cell 

lines of breast cancer, melanoma, and colonic adenocar-
cinoma.  In many cell lines, ivermectin was able to induce  
arrest of cell growth and inhibit proliferation, pro-
mote apoptosis and autophagy, exert anti-angiogenic  
effects, and in the case of the human breast cancer line,  
reverse tamoxifen resistance. It is important to note that in 
the in vitro studies, the antineoplastic effects were achieved 
at concentrations that are clinically reachable in both healthy 
and parasitized patients. Other studies using immuno- 
deficient mice with myeloblastic leukemia, glioblastoma, 
breast cancer, or colon carcinoma showed greater than 50% 
reduction in tumor volume following ivermectin treatment by 
oral, intraperitoneal or intratumoral routes. The median dose 
of ivermectin used in the in vivo studies was well below the 
highest safe dose for humans, which suggests that anti-cancer 
effects can be feasibly achieved.

In summary, ivermectin is a promising drug for repurposing 
in cancer therapy in that it has a wide safety margin in both  
humans and animals (except for certain breeds with MDRI  
mutation), has multitargeted effects against cancer cells  
(including inhibition of the multi-drug resistance phenotype), 
and is effective at clinically achievable doses in cancer patients. 
This preexisting knowledge of ivermectin could allow for a 
more rapid introduction into clinical trials for cancer patients.

Summary by Betsy Hershey, DVM
Integrative Veterinary Oncology 
Phoenix, AZ 85008 
phone: 602.841.0626
ivo.staff@yahoo.com

The Multitargeted Drug Ivermectin: 
From an Anti-parasitic Agent to a 

Repositioned Cancer Drug
Juarez M, Schcolnik-Cabrera A, Dueñas-Gonzalez A.

Reference
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This cross-sectional study was performed to investigate 
modifiable nutritional and environmental factors that 
might be associated with the development of canine atopic 
dermatitis (CAD) (1).  These included the type of diets fed,  
environmental conditions and exposure timing, genetics, 
and demographic factors. Data were collected in Finland 
from the validated internet-based DogRisk food question-
naire. A total of 2236 dogs (406 cases and 1830 controls) in 
4 early life periods were eligible for the study, which evalu-
ated 22 variables using logistic regression analysis. The life 
periods were defined as follows: prenatal, neonatal (birth 
to 4 weeks of age), early postnatal (from 4 to 8 weeks of 
age), and late postnatal (from 2 to 6 months of age). Several  
novel dietary associations were found for CAD.  Feeding non-
processed meat-based diets during the prenatal and early 
postnatal periods had a significant negative association  
with CAD incidence in adult dogs (> 1 yr).  In contrast, ultra-
processed carbohydrate diets showed significantly higher 
risk incidence for CAD. Additional variables associated  
with a significantly lower CAD risk were: maternal deworm-
ing during pregnancy, receiving 1 or more hours of daily  
sunlight exposure in the early postnatal period,  having a 
normal body condition score in the early postnatal period, 
being born and staying within the same household until 
adulthood, and spending time on dirt or grass in the late post-
natal period. As has been shown previously, non-modifiable  
genetic and background-related factors, such as any maternal  
history of CAD, being from an allergy-prone breed, or  
having > 50% white-colored coat, showed a significant  
positive association with CAD incidence. 

Dogs with CAD comprise up to 10% of the total canine pop-
ulation and are believed to have incurable inflammatory 
and pruritic allergic skin disease beginning in early adult-
hood. CAD is diagnosed based mostly upon skin symptoms 
and evaluation of potential dietary sensitivities or allergic  
components. Clinicians often resort to recommending  
elimination diets, which can be costly and subject to non-com-
pliance.  Overall, the condition and its human counterpart  
are complex multifactorial diseases resulting from inter-
actions between genetics, epigenetics, gender, diet, the  
immune system, and environmental exposures. This  
epidemiologic study used validated data to identify several 
encouraging steps that could have measurable benefits in 
reducing the risk of lifelong CAD. Eating meat-based diets 
early in life appeared to be protective against CAD, while 
carbohydrate-based diets could be a risk factor.  More stud-
ies are needed to establish causality for these findings and to  
address any inherent limitations such as reliance on owner-
reported data.

Prospective, randomized, longitudinal dietary interven-
tion studies should be undertaken in dogs with and without  
genetic predispositions to CAD. The long-term goal is to 
identify and develop individualized primary prevention 
strategies for CAD.

Summary by W. Jean Dodds, DVM
Editorial Committee 

Identification of Modifiable Pre- and Postnatal 
Dietary and Environmental Exposures Associated 
With Owner-Reported Canine Atopic Dermatitis in 

Finland Using a Web-Based Questionnaire

Hemida M, Vuori K, Salin S, Moore R, Anturaniemi J, Hielm-Björkman A.

Reference

1. Hemida M, Vuori KA, Salin S, Moore R, et al.  Identification of 
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associated with owner-reported canine atopic dermatitis in Finland 
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Abbreviations
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The importance of the microbiome in health and disease is demon-
strated in a rapidly expanding body of evidence. This lengthy and 
complete review is a great service to those who share such in-
terest (1). The trillions of organisms that make up the microbiome  
interact intimately with the gut and brain in states of development,  
maintenance, and decline. The microbiome is now considered 
to be an organ of the body with vital contributions to multiple  
systems. It colonizes both the gut and brain and functions to  
process, modify, and detoxify nutrients and xenobiotics, 
contributes  directly to the health of local and global systems,  
creates regulatory and hormonal substances, defends against 
pathogens, supports the local tissues, and affects a host of cel-
lular functions necessary for optimal health and recovery. 
The field of mental health benefits from new discoveries and  
potential interventions revealed by understanding the connec-
tions and relationships formed by host cells, organelles, and  
microbes that act as a vast gene bank for the body's needs in 
maintaining homeostasis.

The paper takes a historical approach to presenting the infor-
mation and begins with an important quote attributed to Hip-
pocrates (c. 460–c. 370 BCE): "All disease begins in the gut." 
For Hippocrates, this was a useful tool in improving the health 
of his patients. Modern science now proves this advice in ever 
wider spheres of medicine and biology. In the 1800's, a gunshot  
victim developed an open fistula which allowed a medical  
researcher to make major advances in the field of gastroenterology  
and digestion. Observations made included data regarding  
digestive actions in various parts of the gut and connections  
between systemic symptoms of physical, mental, and emotional  
spheres. Further animal research added to these discoveries.  
In the 1980's, brain scans revealed surprising connections  
between diet and brain activity. Currently, our use of genomic 
research tools allows us to see things never before possible.

The story of the microbiome and its component  
microorganisms is as old as time. The authors refer to  
the microbiome as "friends with benefits," and this is a 
very accurate description. Before there were more complex  
organisms, there were single-celled primordial probacteria 
and viruses. As more complexity occurred in larger organ-
isms, the microbes tagged along, gaining safety and making 
contributions. Mitochondria evolved for intracellular life, 
while the microbiome lived outside the cell but maintained 
communication with cellular and tissue components. 

The gut and brain communicate in both directions 
via the extracellular matrix, circulation, and nervous  
system, including the vagus nerve. Mental health and gut health 
go hand in hand. Inflammation drives changes in both, as do 
xenotoxins such as antibiotics, antidepressants, vaccines, and 
environmental toxins. The microbiome protects the gut and 
the brain and produces hormones that modulate hormonal and  
behavioral balance. It can also metabolize drugs into toxic ana-
logs responsible for unexpected adverse effects. An entire new 
field is arising which aims at optimizing the microbiome in or-
der to assist the brain. 

This paper contains excellent tables summarizing the effects 
of the microbiome's absence on germ-free research animals 
and upon various discoveries involving specific species of 
probiotics. It gives a solid foundation for those who are now 
expressing an interest in the field. 

Summary by Richard E. Palmquist, DVM
Editorial Committee

The Microbiota-Gut-Brain Axis
Cryan JF, O’Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, 

Boehme M, Codagnone MG, Cussotto S, Fulling C, Golubeva AV, Guzzetta 
KE, Jaggar M, Long-Smith CM, Lyte JM, Martin JA, Molinero-Perez A, 

Moloney G, Morelli E, Morillas E, O’Connor R, Cruz-Pereira JS, Peterson 
VL, Rea K, Ritz NL, Sherwin E, Spichak S, Teichman EM, van de Wouw M, 
Ventura-Silva AP, Wallace-Fitzsimons SE, Hyland N, Clarke G, Dinan TG.
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During the weekend of October 24–25, 2020, ACVBM/
VBMA proudly hosts its conference of 2020 in a virtual  
format.  During this weekend, the lectures will be live 
with opportunities for all participants to have real-
time interactions with other participants, the speak-
ers, and a virtual trade show.  All lectures will remain 
online for on-demand listening for several weeks after 
the live event.  

The featured presentation is entitled, “A Materia Medica 
for Managing Cancer: Holistic Strategies and the Cyto-
toxic Herbs,” presented by Medical Herbalist Chanchal 
Cabrera. The lecture will discuss an overview of the  
development and progression of cancer. She will pro-
vide guidance on these topics: increasing mitochondrial  
energy transfer; normalizing gene expression and  
repair; disrupting cancer cell metabolism; normal-
izing growth factors, signal transduction, and signal 
transcription; promoting hepatic and other metabolic 
detoxification pathways; supporting bone marrow 
and immune activity; reducing local inflammation;  
normalizing angiogenesis; strengthening blood ves-

sel walls; inhibiting collagenases, proteases, and  
hypercoagulation; and inducing apoptosis. Her materia 
medica of the cytotoxic herbs will include discussions of  
pawpaw (Asimina triloba); sweet wormwood (Artemisia 
annua); Xi Shu, translated as "Happy Tree" (Camptotheca  
acuminate); greater celandine (Chelidonium majus); 
chaparral (Larrea divaricata); American pokeweed 
(Phytolacca decandra); Eastern arborvitae (Thuja  
occidentalis); and mayapple (Podophyllum peltatum). She 
will be supplementing this lecture with talks on skin 
herbs and osteoarthritis. 

Kevin Spelman, RH (AHG), will be presenting a mush-
room therapeutics talk, a lecture on renal herbs, and 
a timely talk on herbs indicated for COVID-19. Subhuti 
Dharmananda, PhD, will be speaking on formulation 
of herbs. 

The cost for both days of the virtual event and 
trade show is $300. Registration is available at  
https://www.acvbm.org/2020-annual-conference-
registration.html.

ACVBM/VBMA Updates

ACVBM/VBMA  
Conference Goes Virtual!

By Cynthia Lankenau, DVM 
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This issue arrives in August, after a very challeng-
ing six months. As with our holistic medical practices, 
love manifested in many ways. Individual practitioners 
around the globe reacted differently to similar circum-
stances of possible infection, death, shut down, loss of  
income—just as our patients and clients react differently  
to the same joint problems, parasite loads, and house-
hold upheavals.

Many experienced fear. Others discovered new ways 
to thrive while spending more time with their families 
and nurturing themselves. Some said they more deeply  
appreciated each moment and each breath, choosing to 
not let circumstances determine the quality of their lives.

For years, some holistic veterinarians have been 
challenged by how to make a good living with their  
modalities. Now many are exploring how to retire fully 
or partially, and some are still wanting to continue to 
heal animals part time. Many practitioners are thrilled 
with their practices, and others have successfully  
retired, so the solutions are there. One of the benefits 
of the Healer Heal Thyself Retreat is being able to learn 
from each other. 

Many years ago, AHVMA member and former mem-
ber of the COE, Cheryl Schwartz, wrote in JAH-
VMA about ways to be less affected by any cir-
cumstance, “…in the midst of the violent global  
turmoil. … Conscious, mindful breathing, as well  
as plant or f lower energy in the treatment 
space help [me focus on healing]. Remembering  
to drink a few sips of water between clients is also  

essential. Remembering ... [that] laughing at least 
once an hour restores focus and energy.”

Although the 2020 AHVMA Conference had to be  
cancelled for Grapevine, Texas, you can still create the 
benefits of the Conference for yourself. The wonderful 
mental and spiritual stimulation will be present virtually,  
with many of the scheduled speakers. Watching and lis-
tening on your computer does not allow the hugs and 
spontaneous interactions that are part of the joy of our 
Conference, but you can choose to create this for your-
self in many ways.

Expand your heart by reaching out to other holistic  
veterinarians, including COE members. Interacting with 
other holistic veterinarians nurtures them as much as 
yourself. If you are interested in a new modality offered 
by a speaker, call others who have been using that mo-
dality. While not at the Conference physically, you can 
still grow by lovingly exchanging resources and talents, 
improving your healing of animals as well as your own 
self-healing.

Every Sunday night, the COE elders focus positive  
intention for any member concerned about health or  
wellbeing. To be included in this healing circle, contact 
Dr. Rick Palmquist at CAHdogcat@aol.com.

The next Healer Heal Thyself Retreat is in the planning 
stage, with sights on Camp Richardson on Lake Tahoe, 
following the AHVMA Conference in Reno, NV, October 
2–5, 2021. 

By Christina Chambreau, DVM

Wisdom from the AHVMA Council of 
Elders in Challenging Times

Council of Elders Update
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AVH Update

Now is a wonderful time to dive into a rewarding and 
enriching study of homeopathy. With most in-person 
conferences being cancelled due to COVID-19 this year, 
there are many online opportunities to start your 
journey to becoming a homeopathic practitioner. For 
those new to homeopathy, the Pitcairn Institute of 
Veterinary Homeopathy is offering a free introductory 
webinar series. The series started on July 1 but 
continues with five more sessions through October 
2020. The sessions are being recorded for those unable 
to participate live. The series provides an introduction 
to homeopathy, an understanding of its application, and 
a taste of the breadth of homeopathic practice. 

You can also join the AVH! Being a member allows 
you to participate in study webinars and the email 
forum. Both of these venues enable you to pose 
questions to experienced homeopathic colleagues 
and follow challenging cases that are discussed. Visit  
www.TheAVH.org for more information.

Make your pandemic perk the introduction of 
homeopathy into your life and into your practice 
this year! 

By Shulamit Krakauer, DVM 

Academy of Veterinary Homeopathy 
Shares New Opportunities for Study 
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AHVMF Update

The Foundation had a successful fundraiser again this 
spring, collecting $19,000 in donations. However, these 
funds will not fully cover the cost of the grant proposals 
received in January.  

One of the grant proposals approved by the Foundation is 
from Dr. Chiara Passalacqua, DVM, PhD, to study essential 
oil exposure through olfactory stimulation in dogs for 
the prevention of emotional distress during a veterinary 
examination. Aromatherapy has been reported to have 
positive effects on reducing distress and negative 
emotions in humans and pets in several circumstances. 
This study aims to assess whether essential oils can 
influence the affective states of dogs undergoing a 
veterinary clinical examination, thereby reducing their 
emotional distress. The possibility to reduce this form 
of acute stress would be of great importance. It would 
increase dogs’ welfare by potentially allowing owners 
to limit the emotional discomfort of their pets, allowing 
clinicians the ability to perform more thorough and 
accurate physical examinations. 

The Foundation wishes to extend special thanks to 
Dr. Gary Richter, DVM, MS and Ultimate Pet Nutrition 
for becoming an AHVMF sponsor. These quarterly 
donations will make a huge impact on the Foundation’s 
ability to continue to fund valuable lifesaving research. 
Due to the cancellation of the 2020 AHVMA Conference, 
the Foundation has made the difficult decision to cancel 
the Silent Auction this year. However, we will be holding 
a special fundraiser during this time. Individuals who 

make a specified minimum donation will receive a 
commemorative gift. Like the Silent Auction, proceeds 
from this fundraiser will allow the Foundation to 
provide veterinary student scholarships and award 
student trips to AHVMA Conferences. Any items that 
have already been donated this year may be used for 
next year’s AHVMF Silent Auction. Please stay tuned for 
fundraiser and giveaway details! 

The Foundation is continuously in search of companies 
and individuals who wish to become matching donors 
during our fundraisers. There are also many other ways 
to help! One of the easiest ways to help is to like us on 
Facebook and share information about AHVMF funded 
research and upcoming fundraisers with your social 
network. Sharing our message with your clients is also a 
fantastic way to help. AHVMF has brochures available for 
AHVMA members to place in clinic reception areas. You 
may also wish to consider adding a note to the bottom 
of your client invoices. One member uses the following 
copy: “Please help us support humane, holistic research 
benefiting animals and veterinarians who want better 
natural treatment options. To learn more or to donate: 
www.AHVMF.org.”  Other members include an inspiring 
or informational slide about AHVMF when lecturing at 
veterinary conferences. These are wonderful ways to 
help make the public and our colleagues aware of the 
life-saving research that is funded by AHVMF. 

If you would like to receive brochures or share your 
ideas, please email us at office@ahvmf.org.

By Lauana Paradine, Executive Director 

American Holistic Veterinary 
Medical Foundation Approves 
Grant for Essential Oil Study
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Thank you to the following sponsors for their
commitment to support AHVMA
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 Monday, September 21, 2020 – All Times – Eastern USA Time Zone
11:30am       WELCOME BY AHVMA President Dr. Neal J. Sivula 

Morning Inspiration by Dr. Jim Clark 

Introduction by AHVMA President Dr. Neal J. Sivula 

12:00-12:50pm    KEYNOTE- ON ADVERSITY- HUISHENG XIE- SPONSORED BY VBMA 

AHVMA/ 
INTRO TO CAVM HERBOLOGY LIGHT & LASER 

THERAPY 
CANNABIS: INTRO & USE IN 

CANCER 
1:05pm-1:55pm Intro to Holistic 

Veterinary Medicine-The 
Wave of the Future 

-Doug Knueven

* Sponsored by Evermore

Herbals for Immune- 
Mediated Disease: 

Studies 
-Huisheng Xie

Photobiomodulation: 
De-Myth-stifying 

Light Devices 
- Janet Gordon Palm

What Exactly is the 
Endocannabinoid 

System (ECS)? 
- Trina Hazzah

2:10pm-3:00pm Intro to Nutraceuticals 

-Doug Knueven

*Sponsored by Evermore

Herbals for Immune 
Mediated Disease: 

Applications 
-Huisheng Xie

Frequency-Specific 
LLLT: It "Hertz" So 

Good! 
- Janet Gordon Palm

The Cannabis Plant: 
Phytocannabinoids, 

Terpenes and Flavonoids 
- Trina Hazzah

   3:00pm- 3:15pm  Break 
3:15pm-4:05pm Intro to Veterinary 

Chiropractic 

- Doug Knueven

*Sponsored by Evermore

Black Box Theory- 
Philosophic base for 

TCVM 

- Huisheng Xie

Calming with LLLT: 

Relaxation 

- Janet Gordon Palm -Trina Hazzah

 End of Day One 

Clinical Application of  
Cannabis: Therapeutic  

Implementation, Dosing  
Rational & Toxicity Information 

Light-Induced 

Dr. Huisheng Xie is a clinical professor of the College of Veterinary Medicine University  
of Florida. He received his Bachelor Degree of Veterinary Medicine at the Sichuan 
College of Animal Science and Veterinary Medicine in Sichuan, China in 1983, his 
master's degree from Beijing Agricultural University in 1988, and a Ph.D. from the 
University of Florida. In 1998, Dr. Xie founded the Chi Institute in Reddick, Florida to 
train veterinarians in Chinese acupuncture, herbal medicine, Food Therapy and Tui-na. 

Dr. Xie has been invited to give lectures on TCVM for over 100 veterinary organizations and universities in over 20 
countries and has trained over 10,000 veterinarians from nearly 100 countries. 

Dr. Huisheng Xie, DVM, PhD
College of Veterinary Medicine 
University of Florida

Keynote speaker

Special thanks to our ally 
and Keynote sponsor, 
Veterinary Botanical Medical 
Association (VBMA)

VBMA

AHVMA Virtual Conference 2020
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Tuesday, September 22, 2020 – All Times – Eastern USA Time Zone
10:00am – 11:00 am          EXHIBIT HALL OPEN 

HOMEOPATHY/ 
CANNABIS 

LIGHT & LASER 
THERAPY/ 

ACUPUNCTURE 

NUTRITIONAL 
BALANCE 

MANIPULATIVE 
DIAGNOSIS & 
TREATMENT 

***PRELIMINARY PROGRAM  -  SUBJECT TO CHANGE  -  PLEASE VISIT WWW.AHVMA.ORG FOR UPDATES*** 

11:00am-11:50am Natural Immunity vs. 
Vaccine Immunity 

-Todd Cooney

Successful Treatment of 
Laminitis, Colic in Horses 

-Janet Gordon Palm

Nutrition for Cats with 
Chronic Kidney Disease 

-Lea Stogdale

Science of Spinal 
Manipulation 
-Pedro Rivera

12:05pm- 12:55pm Homeopathy and  
Epidemic Disease 

-Todd Cooney

 -Cruising the 405: Violet 
405nm in Wound 

Management
-Janet Gordon Palm

Raw Diets: Recommendations 
for Benefiting Patients, 

Owners and DVMS 
-Lea Stogdale

Neurological Examination for 
Practitioners Proving Manual 

Therapies 
-Pedro Rivera

1:00pm-1:50pm  Break- Visit the Exhibit Hall! 

2:00-2:50pm 

-Todd Cooney

Lions, Tigers & Bare 
Eyes: Oh My! LLLT in 

Exotics 
-Janet Gordon Palm

Performing Clinical 
Studies in Holistic Practice 

-Lea Stogdale

Cerebellum, biomechanics, 
and performance I 

-Pedro Rivera

 3:00pm-4:00pm Break- Visit the Exhibit Hall! 

 3:10pm-4:00pm Special Exhibitor Presentations (By Exhibitor Invitation Only) 

Vendor Hosted- O3 Vets 

Vendor Hosted – Steve’s Real Food 

Vendor Hosted - Innovarius SanaWave PEMF & RF Hyperthermia 

4:15- 5:05pm Cannabis and Cancer: 
Antineoplastic 
Mechanisms 

-Trina Hazzah

Using 'Where' and 
'What' in TCVM 

Diagnostics 
-Huisheng Xie

Clinical Animal Nutrition can 
be Profitable 

-Ava Frick

Cerebellum, biomechanics, 
and performance II 

-Pedro Rivera

5:20pm – 6:10pm Integrating Cannabis 
into the Cancer 

Treatment Protocol 
-Trina Hazzah

How to Improve 
Acupuncture Results in 

Horses I 
-Huisheng Xie

Fur Tissue Mineral 
Analysis- A Testing System 

-Ava Frick

CCL- Disruption: Is surgery 
the only option?

-Pedro Rivera

 6:10pm-6:55pm Break- Visit the Exhibit Hall! 

7:00pm-7:50pm An Integrative 
Approach to Pain 
-Susan Wagner

How to Improve 
 Acupuncture Results in 

Horses II 
-Huisheng Xie

Interpretation & Nutritional 
Balancing with TMA 

-Ava Frick

Somatic Disruption with 
Visceral Representation 

-Pedro Rivera

End of Day Two 

Parvo in Dogs: 
Successful Prevention 

& Treatment with 
Homeopathy
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Wednesday, September 23, 2020 – All Times – Eastern USA Time Zone
10:00- 11:00am      EXHIBIT HALL OPEN 

SELF CARE: 
DETOXING VETS 

 & PETS 

SELF- CARE/ 
MASTER DERM CLASS 

TECHS & VETS 
PRACTICE 

SELF-CARE/ CHIROPRACTIC IN 

***PRELIMINARY PROGRAM  -  SUBJECT TO CHANGE  -  PLEASE VISIT WWW.AHVMA.ORG FOR UPDATES*** 

11:00am-11:50am Glyphosate toxicity: 
Exposure Levels & 

Impact I 
-Katie Kangas

Curing Alzheimer's 
Disease I 

-Nancy Scanlan

What is rehab & what
can we do with it? 

-Pedro Rivera

Biofield, Water and Cell 
Biology: A Paradigm Shift 

-Odette Suter

*Sponsored by Innovarius
12:05pm- 12:55pm Glyphosate toxicity: 

Exposure Levels & 
Impact II 

-Katie Kangas

Curing Alzheimer's 
Disease II 

-Nancy Scanlan

Anatomy: What they did 
not tell you in school! 

-Pedro Rivera

Biofield Water and Cell 
Biology: Application 

-Odette Suter

*Sponsored by Innovarius
1:00pm-1:50pm Break- Visit the Exhibit Hall! 

2:00-2:50pm Detoxification with 
Zeolites/ Clinoptilolite 

-Katie Kangas

Your DNA Profile- What 
to Do About Those Bad 

SNP’s 
-Nancy Scanlan

How Tissues Heal & How 
We Can Help 
-Jo Moyes

10 Reasons Adjusting the 
Atlas will Help 
-Bill Ormston

 3:00pm-4:00pm Break- Visit the Exhibit Hall! 

 3:10pm-4:00pm Special Exhibitor Presentations (By Exhibitor Invitation Only) 

Vendor Hosted – Darwins 

Vendor Hosted- Standard Process 

4:15pm- 5:05pm Stress- Fight or Flight or is 
there another way? 

-Barrie Sands

Pathophysiology of Skin 
Disease I 

-Steve Marsden

Why We Worry About 
Weight 

-Jo Moyes

Leg Length as an Indicator of 
Spinal Health 
-Bill Ormston

5:00pm-5:50pm      Break- Visit the Exhibit Hall! 

6:00pm – 6:50pm Heart or Brain: Who is 
Smarter and Why do we 

Care? 
-Barrie Sands

Pathophysiology of Skin 
Disease II 

-Steve Marsden

Rehab in Action 
-Jo Moyes

Chiropractic Successes in 
Food Animals 
-Bill Ormston

End of Day Three 
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Thursday, September 24, 2020 – All Times – EASTERN USA Time Zone
10:00- 11:00am      EXHIBIT HALL OPEN 

CHIROPRACTIC/ 
ESSENTIAL OILS 

COGNITION/ 
CANNABINOID 

UPDATES 

PROMOTING 
LONGEVITY 

MASTER DERM CLASS 

***PRELIMINARY PROGRAM  -  SUBJECT TO CHANGE  -  PLEASE VISIT WWW.AHVMA.ORG FOR UPDATES*** 

11:00am-11:50am The Science of 
Animal Chiropractic 

-Bill Ormston

Effects of Medications on 
Performance Dogs 
-Lyndsay Klemens

Promoting  Wellness & 
Longevity Strategies 

- PJ Broadfoot

*Sponsored by Innovarius 

Pathophysiology of Skin 
Disease III 

-Steve Marsden

12:05pm- 12:55pm Essential Oils 101:  An 
Introduction to the 

Basics 
-Jared Mitchell

The TMJ & Hyoid 
Apparatus 

-Lyndsay Klemens

Cancer & Nutraceuticals- 
Emerging Therapies 

-PJ Broadfoot

*Sponsored by Innovarius

Interpreting Findings in 
Skin Disease I 

-Steve Marsden

1:00pm-1:50pm Break- Visit the Exhibit Hall! 

2:00-2:50pm Adding Essential Oils to 
Everyday Practice 

-Jared Mitchell

Cannabis History & 
Current Legal Landscapes 

-Gary Richter

Promoting Longevity- 
on the Telomere Trail 

- PJ Broadfoot

*Sponsored by Innovarius

Interpreting Findings in 
Skin Disease II 

-Steve Marsden

 3:00pm-4:00pm Break- Visit the Exhibit Hall! 

 3:10pm-4:00pm Special Exhibitor Presentations (By Exhibitor Invitation Only) 

Vendor Hosted – VDI Laboratory 

Vendor Hosted- Pet Releaf 

4:15- 5:05pm Essential Oils and 
Cancer 

-Jared Mitchell

The  Endocannabinoid 
System (ECS) 
-Gary Richter

Integrative Treatment of 
Cognitive Dysfunction I 

-Janice Huntingford

Herbs for Metabolism and 
Inflammation I 

-Steve Marsden

 5:05pm-5:50pm Break- Visit the Exhibit Hall! 

6:00pm– 6:50pm Essential Oils and Seizures 
-Jared Mitchell

Phytocannabinoids 
-Gary Richter

Integrative Treatment of 
Cognitive Dysfunction II 

-Janice Huntingford

Herbs for Metabolism and 
Inflammation II 
-Steve Marsden

End of Day Four 
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The 2020 AHVMA Annual Conference and Exhibition (Program 131-43140, has been AAVSB RACE approved for 79 hours 
of continuing education. 79 hours maximum for any one veterinarian or veterinary technician. AHVMA will also be applying 
for continuing education approval from individual state boards, as well as our many allied organizations.  

Over the past four years, (2016, 2017, 2018 and 2019) AHVMA has received RACE approval for approximately 90% of our 
Annual Conference lecture and lab content. Please visit www.ahvma.org for program and continuing education updates.  

AHVMA is a member of the AVMA House of Delegates. Many states grant blanket approval for AVMA affiliate organizations. 

Friday, September 25, 2020 – All Times – Eastern USA Time Zone

CANNABINOID 
UPDATES 

SENIOR REHAB 
  CLASS DAY 2 
 MASTER DERM 

***PRELIMINARY PROGRAM  -  SUBJECT TO CHANGE  -  PLEASE VISIT WWW.AHVMA.ORG FOR UPDATES*** 

10:00am-10:50am Terpenes 

-Gary Richter

Rehabilitation for Hospice/ 
Palliative Patients 

-Janice Huntingford

Herbs for Immune Dysregulation I 

-Steve Marsden

11:05m- 11:55am Cannabis Medicines, 
Current Research and 

Dosing 
-Gary Richter

Geriatric Rehab for the Integrative 
Practitioner 

-Janice Huntingford

Herbs for Immune Dysregulation II 

-Steve Marsden

12:00pm-1:00pm Break 

   1:00 pm – 2:00 pm   AHVMA Annual General Meeting 

2021 COE RETREAT
The AHVMA Council of Elders is planning for a 2021 

retreat immediately following the 2021 Annual 
Conference & Exhibition. Details are still being 

developed. Watch the AHVMA website for further 
information as it becomes available.



AMERICAN HOLISTIC VETERINARY MEDICAL ASSOCIATION 

PERSONAL INFORMATION • This is how your name will appear on your virtual badge

First Name              Last Name

Are you a FIRST time attendee? Other Degree/Certifications 

Vet School (if applicable)  Graduation Year (if applicable)

Practice Name

Address

City State Postal/Zip

Email Address (required) Phone

DVM VMD Technician Student

YES NO

AHVMA 2020 REGISTRATION FEES

EARLY REGISTRATION (June 30, 2020- August 31, 2020

* must provide proof of employment on clinic letterhead
signed by clinic owner OR copy of current LVT/RVT license

$700 Non-Member Veterinarian
$750 Non-Veterinarian Attendee

* must be sponsored by an AHVMA Member

* for current students of AVMA accredited veterinary programs 

EXTRAS

PRINT PROCEEDINGS- MAILED

Print proceedings are NOT included with  
registration. Registration includes digital access 
ONLY.

REGISTRATION CONTINUES ON REVERSE SIDE
QUESTIONS? email: office@ahvma.org

PO Box 630 Abingdon, MD 21009  •  phone:410.569.0795  •  fax:410.569.2346  •  www.ahvma.org

$500 AHVMA Member Veterinarian
*and CURRENT members of allied groups: AAVA, ACVA, AVH, IVAS, VBMA

$250 AHVMA Member Technician/Support Staff
$375 Non-Member Technician/Support Staff

$550 AHVMA Member Veterinarian
*and CURRENT members of allied groups: AAVA, ACVA, AVH, IVAS, VBMA 

$300 AHVMA Member Technician/Support Staff
$400 Non-Member Technician/Support Staff
$800 Non-Member Veterinarian
$800 Non-Veterinarian Attendee

* must be sponsored by an AHVMA Member

Complimentary Veterinary Student 

AHVMA
2   20

SEPTEMBER 21 - 25, 2020
 2020 AHVMA VIRTUAL CONFERENCE & EXHIBITION

Mailed in USA- $100

Mailed International- $130

**Registration  provides full access to all presentations, including 
CE credit certification  where applicable  and access to  recorded 

sessions for three months after Virtual Conference.**

$100   First, Second & Third Year Grads (2017-2020)

$75    First, Second &  Third Year Grads (2017-2020)
Complimentary  Veterinary Student

*for current students of AVMA accredited veterinary programs

REGULAR REGISTRATION (September 1, 2020 or after)
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2020 AHVMA Conference Registration Selections
REGISTRATION

Conference Registration ....................................................$

ADD-ONS

PRINT Proceedings ............................................................$

SAHVMA Donation (tax deductible) ...................................$

**TOTAL** .................................................................$

* If you are registering as a member veterinarian, please indicate
which group(s) you are currently a member of:

AHVMA AAVA AVCA AVH IVAS VBMA

CANCELLATION POLICY
Cancellations received up to July 31, 2020 • Full Refund (no admin fee) 

Received between August 1- August 31, 2020 • 50% Refund 
Cancellations September 1, 2020 or  After or No Shows • No Refund

PAYMENT

Check # _________________ (payable to AHVMA)

Credit Card

Name on Card

Card Number

Month  Year
Expiration Date  Security Code

Billing Address

City State            Country      Postal/Zip

Visa MasterCard American Express Discover

PO Box 630 Abingdon, MD 21009  •  office@ahvma.org  •  phone:410.569.0795  •  fax:410.569.2346  •  www.ahvma.org

Card Holder Signature

fax, email, or mail BOTH pages of completed registration with payment to the AHVMA 
office.  Pre-registration closes on AUGUST 31, 2020

www.ahvma.org

About 2020 Special Exhibitor Presentations

Exhibitor Hosted “Breakfast Meetings” and “Lunch and Learn  
Meetings" now known as Special Exhibitor Presentations in the virtual 
conference (fully sponsored, confirmed meetings listed below at time of 
publication - visit website for updated listings) are available at no 
additional charge to registered veterinarian, technician and stu-
dent conference attendees. 

Space is limited. 
Advanced registration required for entry. 

Please register below and visit Exhibitor Virtual Booth to 
confirm attendance by checking the box next to your 

preferring meeting(s).  

Please visit those sponsors to inquire about availability.

I want to join my colleagues to support Student AHVMA   
I  would like to include a donation to SAHVMA  

SEPTEMBER 21 - 25, 2020
VIRTUAL CONFERENCE & EXHIBITION

AHVMA
2   20

USA Shipping- $100 
International Shipping- $130

Special Exhibitor Presentations

TTUUEESSDDAAYY

SSaannaaWWaavvee  PPEEMMFF  HHyyppeerrtthheerrmmiiaa  
TThheerraappyy  bbyy  IInnnnoovvaarriiuuss
OO33  VVeettss
SStteevvee''ss  RReeaall  FFoooodd  

WWEEDDNNEESSDDAAYY

DDaarrwwiinn''ss  
NNuuttrriittiioonnaall  SSuuppppoorrtt  ooff  HHoommeeoossttaassiiss::  
SSttrreessss  RReessppoonnsseess  bbyy  SSttaannddaarrdd  PPrroocceessss  
AAddvvaanncciinngg  MMuussccllee  HHeeaalltthh  ffoorr  MMaann  aanndd  
MMaann’’ss  BBeesstt  FFrriieenndd  bbyy  MMyyooss  RReennss  
TTeecchhnnoollooggyy

TTHHUURRSSDDAAYY
PPeett  RReelleeaaff  
WWhhaatt''ss  tthhee  DDeeaall  WWiitthh  MMaaggnneessiiuumm??  
bbyy    VVDDII  LLaabboorraattoorryy  
HHoommeeooppaatthhyy::  HHeeaall  YYoouurr  PPaattiieennttss!!
bbyy  AAVVHH  
PPrriimmaall  PPeett  FFooooddss

http://www.ahvma.org
http://www.ahvma.org
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2020 AHVMA Conference Registration Selections
REGISTRATION

Conference Registration ....................................................$

ADD-ONS

PRINT Proceedings ............................................................$

SAHVMA Donation (tax deductible) ...................................$

**TOTAL** .................................................................$

* If you are registering as a member veterinarian, please indicate
which group(s) you are currently a member of:

AHVMA AAVA AVCA AVH IVAS VBMA

CANCELLATION POLICY
Cancellations received up to July 31, 2020 • Full Refund (no admin fee) 

Received between August 1- August 31, 2020 • 50% Refund 
Cancellations September 1, 2020 or  After or No Shows • No Refund

PAYMENT

Check # _________________ (payable to AHVMA)

Credit Card

Name on Card

Card Number

Month  Year
Expiration Date  Security Code

Billing Address

City State            Country      Postal/Zip

Visa MasterCard American Express Discover

PO Box 630 Abingdon, MD 21009  •  office@ahvma.org  •  phone:410.569.0795  •  fax:410.569.2346  •  www.ahvma.org

Card Holder Signature

fax, email, or mail BOTH pages of completed registration with payment to the AHVMA 
office.  Pre-registration closes on AUGUST 31, 2020

www.ahvma.org

About 2020 Special Exhibitor Presentations

Exhibitor Hosted “Breakfast Meetings” and “Lunch and Learn  
Meetings" now known as Special Exhibitor Presentations in the virtual 
conference (fully sponsored, confirmed meetings listed below at time of 
publication - visit website for updated listings) are available at no 
additional charge to registered veterinarian, technician and stu-
dent conference attendees. 

Space is limited. 
Advanced registration required for entry. 

Please register below and visit Exhibitor Virtual Booth to 
confirm attendance by checking the box next to your 

preferring meeting(s).  

Please visit those sponsors to inquire about availability.

I want to join my colleagues to support Student AHVMA   
I  would like to include a donation to SAHVMA  

SEPTEMBER 21 - 25, 2020
VIRTUAL CONFERENCE & EXHIBITION

AHVMA
2   20

USA Shipping- $100 
International Shipping- $130

Special Exhibitor Presentations

TTUUEESSDDAAYY

SSaannaaWWaavvee  PPEEMMFF  HHyyppeerrtthheerrmmiiaa  
TThheerraappyy  bbyy  IInnnnoovvaarriiuuss
OO33  VVeettss
SStteevvee''ss  RReeaall  FFoooodd  

WWEEDDNNEESSDDAAYY

DDaarrwwiinn''ss  
NNuuttrriittiioonnaall  SSuuppppoorrtt  ooff  HHoommeeoossttaassiiss::  
SSttrreessss  RReessppoonnsseess  bbyy  SSttaannddaarrdd  PPrroocceessss  
AAddvvaanncciinngg  MMuussccllee  HHeeaalltthh  ffoorr  MMaann  aanndd  
MMaann’’ss  BBeesstt  FFrriieenndd  bbyy  MMyyooss  RReennss  
TTeecchhnnoollooggyy

TTHHUURRSSDDAAYY
PPeett  RReelleeaaff  
WWhhaatt''ss  tthhee  DDeeaall  WWiitthh  MMaaggnneessiiuumm??  
bbyy    VVDDII  LLaabboorraattoorryy  
HHoommeeooppaatthhyy::  HHeeaall  YYoouurr  PPaattiieennttss!!
bbyy  AAVVHH  
PPrriimmaall  PPeett  FFooooddss

AHVMA 
American Hol ist ic Veter inary Medical  Associat ionAmerican Hol ist ic Veter inary Medical  Associat ion

2020 membership2020 membership

APPLICATIONAPPLICATION

DIRECTORY email

2020-2021 Membership Form -  Dues Year Begins  Apri l  1st  and ends March 31st  the Fol lowing Year

***

State Veterinary Association 

name/details

last

first middle

date of birth (mm/dd/yy) gender	 			male							female						unspecified

educational info

veterinary medical college (college/school if technician)

veterinary degree

veterinary graduation date (mm/yy)

other	degree(s)/certification(s)

Mail:
American Holistic
Veterinary Medical Association
PO Box 630
Abingdon, MD 21009 
Fax: 410.569.2346

Any questions?
Please contact AHVMA
at 410.569.0795

email:office@ahvma.org

submit completed application

contact info

home address (check if preferred mailing address)

address

city

state/postal code

country

home phone cell

PREFERRED email 
(required for login)

business (check if preferred mailing address)

clinic/organization name

address

city

state/postal code

country

phone fax

online directory listing          home       business none

include corresponding phone in REFERRAL DIRECTORY #       Y      N  (this will be visible online)do not include my information in member mailing list

membership categories

Member Veterinarian  .................................................. $226
Graduate Veterinarians, graduated 2016 or before.

Retired/Inactive non-voting (non-AVMA) ....................$110
Formerly a Regular Member for at least 15 consecutive years and  
is now fully retired from practice, and wishes to continue to receive 
AHVMA Journal.

Retired/Inactive voting (AVMA Member) ...................... $55
Formerly a Regular Member for at least 15 consecutive years and is now 
fully retired from practice who is an AVMA Member, and who wishes to 
receive the AHVMA Journal.

Academia ....................................................................... $55
College or University Faculty member who wishes to receive the AHVMA 
Journal.  

First Year Graduate (2019)  ....................... Complimentary
Second Year Graduate (2018)  .................. Complimentary
Third Year Graduate (2017)  ........................................ $100 
Veterinary Student  .................................... Complimentary
Must provide Dean’s letter or veterinary student ID as proof of  
current enrollment in AVMA accredited school.

SAHVMA Advisor ....................................... Complimentary
Faculty Advisor to an organized National SAHVMA Chapter. 

Veterinary Technician/Support Staff  ........................... $80
Subscriber  .....................................................................................$95
Online journal only.

I am a NEW member, please send me a new member packet.

I was referred by: 

AVMA Info

I AM an AVMA member.

I am not an AVMA member.

other organizations
please list other veterinary associations/organization of which you are a 
member: 

AHVMA ASSOCIATE MEMBERSHIP 

Businesses	or	non-profit	organizations	directly	related	to	the	Mission	of	AHVMA.	Not	
available for veterinary clinics, hospitals or practicing veterinarians. Includes business 
listing	in	online	Associate	Directory.	Contact	us	for	application	and	list	of	benefits!

complete educational information required for all non-subscriber memberships

only full members are included in AHVMA “Find a Vet” referral directory

please complete all sections. choose your preferred mailing address (for AHVMA mailing) and REFERRAL LISTING (for public online directory) 

(Student AHVMA)

AHVMA Members should be aware that professional memberships, certifications and other credentials (such as CVC, CVH, CVCH) are the intellectual property of the certifying organization and misuse is not permitted.  
It is not the responsibility of AHVMA to verify any certifications or memberships, etc. claimed by a member or prospective member.  Potential misuse will be referred to the certifying organization for appropriate action.

help us save paper by renewing your membership early or online! 

 I would like to DONATE to SAHVMA ............................... $

TOTAL Dues (and donation if applicable) ........................... $

name on card     signature

card #

exp cvv code   billing postal code

        I request AUTOMATIC RENEWAL of my dues each year and authorize AHVMA to keep my credit card # on file (initial)

payment method

amex mc visa disc check #

$170

SPECIAL MEMBERSHIP DISCOUNT

JA
H

V
M

A
 #
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AHVMA
American Hol is t ic  Veter inary Medical  Associat ionAmerican Hol is t ic  Veter inary Medical  Associat ion

onl ine referral onl ine referral 

DIRECTORYDIRECTORY

Mail:
American Holistic Veterinary Medical Association
PO Box 630 | Abingdon, MD 21009 
Fax:	410.569.2346		|		Phone:410-569-0795	|		Email:office@ahvma.org

submit completed application

AHVMA2021
October 2-5, 2021 

 
Peppermill Reno  

Reno, Nevada& PP

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
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M
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http://www.ahvma.org
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Classifieds

EMPLOYMENT OPPORTUNITIES

OHIO
Veterinary Alternatives, Dayton, Ohio, is searching for 
a PT/FT veterinarian with interest and some experience 
in at least one of these modalities: veterinary  

 
acupuncture, veterinary herbal medicine, chiropractic, 
and/or certified canine rehabilitation specialist. 
Contact:  dr.julie@veterinaryalternatives.com

SERVICES OFFERED

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 

BUSINESS OPPORTUNITY

https://animalwellnessmagazine.com/subscribe
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For information and rates on Classifieds listings please contact office@ahvma.org

EVENTS

2020 AHVMA VIRTUAL CONFERENCE & EXHIBITION
When:  September 21-25, 2020
For more information:  
https://www.ahvma.org/conference-registration/

THE NEW YORK COMPLEMENTARY AND ALTERNATIVE 
MEDICAL ASSOCIATION IS SPONSORING AN 
ADVANCED ACUPUNCTURE SEMINAR WITH LINDA 
BOGGIE, DVM
When: October 7-11, 2020 
Where: Catskill Mountains, NY
Registration information at  www.nycavma.org

THE NEW YORK COMPLEMENTARY AND ALTERNATIVE 
MEDICAL ASSOCIATION IS SPONSORING AN ADVANCED 
ACUPUNCTURE/12 STAGE CYCLE/ANTHROPOSOPHIC 
SEMINAR WITH ARE THORESEN, DVM
When: November 13-15, 2020
Where: Hudson Valley, NY
Registration and details will be available soon at   
www.nycavma.org

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

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


