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Ethical Concerns of Testing Toxins in Animals
Should not the shepherds take care of the flock? You eat the curds, clothe yourselves with the wool
and slaughter the choice animals, but you did not take care of the flock…. this is what the sovereign
Lord says: I am against the shepherds and will hold them accountable for my flock.
-

Ezekiel 34: 2-10

Along with the advice Ezekiel gave to ancient followers of Judaism, our modern
society has a wealth of guidelines and regulations regarding the treatment of animals, both
domesticated and wild. In the United States, the Animal Welfare Act (AWA) serves as the
primary legislation regarding minimums of animal care, in research and otherwise. This act
calls for training research personnel in humane animal maintenance and experimentation,
testing methods that minimize or eliminate the use of animals (or limit an animal’s pain or
distress), and protocol to report deficiencies in animal care and treatment (Animal Welfare
Act, 2013). The AWA also recommends replacing animals in research whenever possible,
reducing the number of animals, and implementing policies which reduce or eliminate
repeated experimentation (Animal Welfare Act, 2013). These principles are known in
research as the “3 Rs” (replace, reduce, refine), methodology first publically proposed to the
scientific community by Russell and Birch (1959), and one that has been used to modify our
methods of animal testing since that time (Usunoff, 2006; The National Academies, 2007;
Hoberman, 2012;). These same practices, however, oversee the administration of large
doses of known or suspected toxins to animals in order to observe obvious symptoms of
disease (The National Academies, 2007; Animal Welfare Act, 2013). Outside of legal
regulations and professional guidelines, how does our society define humane treatment, or a

lack thereof? Is it humane to knowingly cause an animal pain, distress or suffering? Is a
veterinarian breaking their oath by knowingly causing reduced welfare and increased pain,
while offering no relief from suffering? If our society would define these practices as
inhumane or unethical, then we would define the testing of toxins on animals in laboratories
across the world as such.
The question of our limits on the term “welfare” continue to cause heated debate
between and amongst researchers, the public, animal rights groups, animal welfare advocates
and policy makers. Social and religious values may make it difficult for some to accept the
mistreatment of animals, even if that mistreatment may lead to medical advances for humans
and other species (Bressman, 2001). These same values may lead consumers to consider
toxin testing on animals, by definition, as inhumane mistreatment, and ethically unacceptable
(Bressman, 2001; PETA, 2015). In addition, cost has become prohibitive for those funding
these experiments, and therefore alternatives are being developed in the scientific
community for both moral and economic reasons (Weil and Scala, 1971; Institute for
Laboratory Animal Research, 2004; The National Academies, 2007; Mitjans et al., 2008).
Many consumers, animal rights activists, and even researchers question if valid results can be
obtained through the use of animal test subjects (Institute for Laboratory Animal Research,
2004; The National Academies, 2007). In light of emerging alternatives, the welfare of the
animal, the relevance of the tests, and economical and societal benefits and drawbacks, is
testing of known or suspected toxins on animals ethically justifiable?
Animal welfare during toxin testing is the crux of the debate. Broom defines welfare
as an individual’s ability to cope with its environment (2011), yet in toxicology research, the
aim of the experiment is often to inhibit that ability, thus reducing welfare (Daston and
McNamee, 2005; The National Academies, 2007; Menache and Nastrucci, 2012). Preference
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tests, when appropriately applied, preference testing can be used to evaluate and quantify
welfare (Broom, 2011), but here the testing of natural toxins offers another dilemma: when
animals are offered a choice of a toxic substance and a non-toxic substance, if they would
encounter the same in nature, should we allow them to consume the more toxic option,
while we are aware of the consequences? Conover and Messmer (1996) found that Zebra
Finches actually preferred endophyte infected (high alkaloid) fescue seeds over non-infected
seeds (both of which would simulate a natural diet for these birds) for the first several
months of treatment, even though these seeds would have toxic effects on them during that
time. Not until several months had passed did the finches begin to show preference for the
non-toxic food option (Conover and Messmer, 1996).
The Society of Toxicology argues that research involving animal testing is necessary
to protect human and environmental health, and the understanding of a toxin within a full
living animal is just one of the many reasons for this justification (2006). While the Food
and Drug Administration encourages researchers to seek alternatives, they also argue that
there are many situations in which non-animal testing is still not a valid option (2014).
Alternatives such as cell cultures can be very useful, but can also provide unreliable results –
showing a lack of toxicity where one is indeed present (van Vliet, 2011). Biotransformation
of toxins in the liver is extremely important to understanding how toxins are metabolized
and moved within the body, and are frequently tested using the animal model (Leeson et al.,
1995). Liver cell cultures have been developed to simulate liver function within a living
animal, yet for reasons not yet fully understood, these cells may spontaneously lose their
functionality, sometimes as soon as only a few days after being placed in culture (van Vliet,
2011). An animal model can continue to show toxic reactions after months or even years,
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and over multiple generations, giving us valuable information on how to avoid, prevent and
treat these toxins (Scanes and McNabb, 2003; Dorne and Fink-Gremmels, 2013).
Historically, animal testing has made numerous advances in human medicine
possible (Ueno, 1984; Department of Defense, 2000; Kadis, 2013). Perhaps one of the most
commonly studied groups of toxins is the mycotoxins – those produced by various fungi.
One such group, trichothecenes, is known as the most potent small molecule inhibitor of
protein synthesis in the eukaryotic cell (Lesson et al., 1995), with a long history of causing
human illness and death (Kadis, 2013). This potent toxin is found in cereal grains across the
globe, and infects as much as 100% of the cereal grain plants in a given region (Loiveke et
al., 2003). Trichothecene's toxic effect on humans, alimentary toxic aleukia, includes
symptoms such as bleeding from the nose, throat and gums, angina resulting in necrosis of
limbs, extreme leukopenia and depletion of bone marrow, agranulocytosis, and eventually
sepsis (Kadis, 2013). These conditions result in very high mortality for those consuming
infected grains, up to 60%, and have killed whole families or even entire villages (Kadis,
2013). Previous attempts to isolate the cause of ATA were unsuccessful, resulting in
multiple misdiagnosis, and it was not until extensive tests on animals were performed
(following an epidemic outbreak of the toxin following long winters in post- World War II
Russia and Siberia) that preventative measures to avoid the toxicity were established (Kadis,
2013). Further studies on laboratory mice isolated T-2 (and other macrocyclic
trichothecenes) as especially toxic (Ueno, 1984). T-2 has been rumored as the cause of the
so-called "yellow rain" biological warfare attacks, and the Department of Defense continues
to use animals for toxin testing, which the DOD feels benefits the military and civilian
communities through the development of biosensors and toxin identification tools (2000)
that may prevent bioterrorism or chemical warfare.
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Ergot alkaloids, also highly researched in the animal model, can cause
vasoconstriction resulting in gangrenous limb loss (accompanied by severe pain),
overheating, low blood prolactin levels (leading to multiple physiological changes),
spontaneous abortion, convulsions, hallucinations and other mental disorders (Woolf, 2000).
Ergotism’s ancient association with cereal grains may explain the “gods” seen in ancient
Greece (where a purple drink made from grains was consumed, which would be explained
by ergot’s purple color in water), and is the source of “St. Anthony’s Fire”, to which
unnumbered Europeans lost their limbs, and their lives (Hudler, 2000). Witchcraft trials of
the 17th, 18th and 19th centuries can in many cases also be attributed to ergot alkaloid
poisoning (Hudler, 2000; Torbjorn, 2003), as can many of the great rock and roll hits of the
1960s and 1970s. Knowledge gained from animal (and human trials, in the case of one ergot
alkaloid – LSD) has moved our understanding of these extremely common toxins from
witchcraft to valuable components of prenatal care, neurological pharmaceuticals, pain
killers, HIV/AIDS medication and much, much more (Leesen et al., 1995; Hudler, 2000;
Torbjorn, 2003; Steinmann and Ganzera, 2011; Dorne and Fink-Gremmels, 2013). These
types of toxins – those that provide valuable medical and scientific knowledge after studying
their effects on the animal model – are why even in the case of an animal’s suffering, many
researchers and consumers still feel that animal testing of toxins is acceptable (Department
of Defense, 2000; Scanes and McNabb, 2003; The National Academies, 2007; BIS, 2012).
One of the arguments against animal testing, that animals are exposed to various
environmental variables, is also one of the strongest arguments for animal testing. Like
humans, animals undergo exposure to a number of low dose environmental toxins and
conditions throughout their life, which makes them even more comparable to a human than
a clinically controlled cell culture, even if that culture is of human cells. In addition, the
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physiology of the complete animal must be taken into account – and differences between
test subjects may warrant a reversal of the “3 Rs”. In the case of approving drugs previously
approved for adult human use for pediatric applications, the juvenile animal may not be
replaceable with adult humans, or even adult animals, because of physiological differences
between adults and juveniles (Hoberman, 2012). Testing of toxins on multiple species, and
more animals within those species, may also result in far more reliable data (Bhardwaj and
Gupta, 2012) that may ultimately lead to an overall reduction in future in vivo testing. When
testing toxins in multiple species, a response in one but not both (or all three, four, etc.)
indicates that the response may not be found in humans, and thus, further animal testing
may not be necessarily beneficial (Bhardwaj and Gupta, 2012). In the U.S. and abroad,
consumer safety standards currently mandate the use of animal testing to predict and prevent
toxic responses in the human population (Department of Defense, 2000; The National
Academies, 2007; Humane Society of the United States, 2013). Laboratory animal testing
has also helped us understand the implications of environmental and agricultural toxins
(such as DDT) for wildlife and the ecosystem, and to treat or prevent future cases of
toxicosis in the natural world (Scanes and McNabb, 2003; Campbell-Palmer, 2011). This still
leaves the debate: is it ethical to cause the suffering of one animal for the benefit of another,
even if that “other” is a human?
Animal rights activists and consumers stand behind their primary concerns: the
inherent risks of toxin tests are taken on by the test subjects without their consent, results
may not be applicable to humans, and animal models in these tests may be unnecessary to
gain reliable results. The objections to these tests include moral, religious, financial and
medical reasons, thus the number of animal tests has declined in the last thirty years
(Usunoff, 2006). Our new understanding of the physiological ability of animals to
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experience pain and suffering (Usunoff, 2006) has increased the public’s concern with testing
toxins, especially cosmetic toxins that may yield no medical benefit (BIS, 2012). Public
reasoning, from a religious (such as Ezekiel) and practical (economical, necessity of the
research) origin, has also been a part of that push (BIS, 2012), but many animal rights groups
feel that no amount of human medical advancements are worth the suffering such animals
undergo – and that recent legislation is not enough (Anti-Vivesection Coalition, 2014). The
Humane Society of the United States has expressed concern that even in light of stricter
legislation in this country, animal testing is still required by the EPA for potential toxins such
as pesticides – where as many as 10,000 dogs, rodents, birds and other animals may be
required to register a single product (2013).
In addition to the moral conflict of inflicting pain on these animals, there is also
pushback from the scientific community to end or reduce in vivo research, for scientific and
economic reasons. The Institute for Laboratory Animal Research (2004) found several
science-based problems with animal testing:


Clinical trials typically test a homogenous group of animals treated with a high dose
of a potential toxin; the relevance of these tests to the heterogeneous human
population exposed to very low doses may be questionable.



Such tests are expensive and time consuming.



Results may be difficult to observe during different life stages and with combinations
of other environmental factors, and may provide little information on the modes and
mechanisms of action.



Use of alternatives such as cells in culture is a more economically, and potentially
ethically, viable option once the pathways of tissue development are determined.
For many years, animal testing has had decreasing public support.
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One of these points in particular – the cost of animal testing – has become a major concern
for many companies, and a strong arguing point for any group against these (The National
Academies, 2007). The Humane Society International reports that in testing certain
carcinogens for cancer risk may cost as much as $700,000 in a multi-generational laboratory
animal test, and only $22,000 with an in vitro embryo model; and that phototoxicity tests in
live animals may cost as much as $11,500 while an in vitro alternative costs only $1,300.
These rising costs are pushing many companies to pursue alternatives to animal testing that
satisfy economic concerns, while also addressing our society’s changing moral standards
(The National Academies, 2007).
Economical costs are not the only concern for humans involved in animal toxicity
testing. In Good Laboratory Practice Standards (1990), US Government advises researchers
to treat animals only if it will not interfere with the study. The Animal Welfare Act (2013)
offers multiple exemptions for animals used in research settings, allowing the pain and even
long-term suffering of these animals where such conditions would not normally be
permissible. While the legal guidelines may allow for these experiments, the veterinarians
overseeing these tests must recognize and accept that they may no longer be protecting the
health of the test subject, especially while testing known toxins and looking for a negative
response – or even recording the method(s) of fatality while poisoning animals to the point
of death. More frequent patient euthanasia, such as that found in toxicology testing, has
been shown to contribute to work stress, depression, and even suicidal thoughts in
practicing veterinarians (Platt et al., 2012). Veterinarians in the U.K. have a suicide rate a full
four times that of the general population, possibly due, at least in part, to this high rate of
patient euthanasia (Bartram et al., 2008). Animal euthanasia in research can also be
particularly upsetting to non-veterinarian clinical staff, those that care for the animals on a
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day-to-day basis, as these staff are often encouraged to develop relationships with the
animals to alleviate stress and anxiety during testing procedures (Rohlf and Bennett, 2005).
Animal research settings can be particularly harmful to the human caregivers when otherwise
healthy animals are euthanized during or following testing procedures, either as part of data
collection or as a method of disposal at the end of an experiment (Rohlf and Bennett, 2005).
These psychological and emotional consequences for clinical staff give credit to a scientific
community seeking to eliminate, or at least drastically reduce, animal testing.
In many cases, testing on animals may be costly, and unnecessary (Institute for
Laboratory Animal Research, 2004). The Draize test, used in ocular toxin testing for the
past sixty years, has long been criticized - not only for the effects on the animals, but for its
subjective scoring system, great variability among individual animals' response to the test,
application to human health, and economical cost (Mitjans et al., 2008; Weil and Scala, 1971).
Cell-based, human hemoglobin denaturation, and multiple other in vitro methods have been
developed to replace live animal use in eye toxicant testing, which have been shown to be
faster, more accurate, and less expensive (Cho et al., 2012; Mitjans et al., 2008; Verstraelena
et al., 2013). The fight to eliminate the use of the Draize test has been pushed by not only
the animal rights community, but also by the scientific community since as early as the 1980s
(Holden, 1988). The “LD50”, a test in which a toxic substance is applied until 50% of the
research animals die from acute exposure, is another hotly debated research model contested
within the scientific community (Abbot, 2005). Still, by 2005 the “LD50” still accounts for
one third of worldwide animal tests (Abbot, 2005). Advancements have been made in the
scientific community to replace live animals in toxin tests, but the process is encumbered by
multiple hurdles yet to be overcome.
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Replacing live animals with in vitro tests has been a slow and laborious process, as
international governments are hesitant to eliminate animal testing completely for fear of
human toxic response where an in vitro test showed no response (Abbot, 2005). In vivo tests
have become the gold standard against which all new testing technologies are compared to,
even if those in vivo tests have been shown to be inaccurate (Daston and McNamee, 2005).
Regulations still require live animal testing before approval of suspected toxins in many
countries, with consumer fears continuing to drive that policy (Daston and McNamee, 2005;
Menache and Nastrucci, 2012). Still, there has been a shift in the research community
towards replacing higher order animals with lower order test subjects, reducing the overall
numbers of animals used, and implementing non-animal testing methods as a whole (The
National Academies, 2007). While in vitro tests may not be a complete replacement for
animal testing of toxins, many offer highly promising results that can drastically reduce or
eliminate live animals from such tests (Department of Defense, 2000; Verstraelena et al.,
2013). In addition to replacement, the number of animals used in toxin testing has been on
the decline: the number of animal tests legally required in the European Union has fallen
from 150 per drug in the 1970s to eight in 2002 (Abbott, 2005). While these changes may be
pushed by more than ethical concerns, the reduction in the use of animals in toxin testing is
promising to those that have morally opposed this practice for many years. Animal testing
has offered us great insight into the world of toxins: the mode of action, the body’s
response, and short and long-term consequences to exposure, both acute and chronic.
Changing social, economic and scientific viewpoints are pushing the use of live animals in
toxicology research aside for in vitro alternatives, and live animal toxicology research may one
day be, for better or worse, a thing of the past.
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