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Summary

Animal experimentation is widely used around the world for the
identification of the root causes of various diseases in humans
and animals and for exploring treatment options. Among the
several animal species, rats, mice and purpose-bred birds com-
prise almost 90% of the animals that are used for research pur-
pose. However, growing awareness of the sentience of animals
and their experience of pain and suffering has led to strong
opposition to animal research among many scientists and the
general public. In addition, the usefulness of extrapolating ani-
mal data to humans has been questioned. This has led to Ethi-
cal Committees’ adoption of the ‘four Rs’ principles (Reduction,

Refinement, Replacement and Responsibility) as a guide when
making decisions regarding animal experimentation. Some of
the essential considerations for humane animal experimenta-
tion are presented in this review along with the requirement for
investigator training. Due to the ethical issues surrounding the
use of animals in experimentation, their use is declining in those
research areas where alternative in vitro or in silico methods are
available. However, so far it has not been possible to dispense
with experimental animals completely and further research is
needed to provide a road map to robust alternatives before their
use can be fully discontinued.
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Introduction

Animal model-based research has been performed for a
very long time. Ever since the 5" century B.C., reports of
experiments involving animals have been documented,
but an increase in the frequency of their utilization has
been observed since the 19" century [1]. Most institu-
tions for medical research around the world use non-hu-
man animals as experimental subjects [2]. Such animals
might be used for research experimentations to gain a
better understanding of human diseases or for exploring
potential treatment options [2]. Even those animals that
are evolutionarily quite distant from humans, such as
Drosophila melanogaster, Zebrafish (Danio rerio) and
Caenorhabditis elegans, share physiological and genetic
similarities with human beings [2]; therefore animal ex-
perimentation can be of great help for the advancement
of medical science [2].

For animal experimentation, the major assumption is
that the animal research will be of benefit to humans.
There are many reasons that highlight the significance
of animal use in biomedical research. One of the ma-
jor reasons is that animals and humans share the same
biological processes. In addition, vertebrates have ma-
ny anatomical similarities (all vertebrates have lungs,
a heart, kidneys, liver and other organs) [3]. Therefore,
these similarities make certain animals more suitable for
experiments and for providing basic training to young
researchers and students in different fields of biological
and biomedical sciences [3]. Certain animals are suscep-
tible to various health problems that are similar to human
diseases such as diabetes, cancer and heart disease [4].
Furthermore, there are genetically modified animals
that are used to obtain pathological phenotypes [5]. A
significant benefit of animal experimentation is that test
species can be chosen that have a much shorter life cycle
than humans. Therefore, animal models can be studied
throughout their life span and for several successive gen-
erations, an essential element for the understanding of
disease progression along with its interaction with the
whole organism throughout its lifetime [6].

Animal models often play a critical role in helping re-
searchers who are exploring the efficacy and safety of
potential medical treatments and drugs. They help to
identify any dangerous or undesired side effects, such
as birth defects, infertility, toxicity, liver damage or any
potential carcinogenic effects [7]. Currently, U.S. Fed-
eral law, for example, requires that non-human animal
research is used to demonstrate the efficacy and safety
of any new treatment options before proceeding to trials
on humans [8]. Of course, it is not only humans benefit
from this research and testing, since many of the drugs
and treatments that are developed for humans are rou-
tinely used in veterinary clinics, which help animals live
longer and healthier lives [4].

COVID-19 AND THE NEED FOR ANIMAL MODELS

When COVID-19 struck, there was a desperate need for
research on the disease, its effects on the brain and body
and on the development of new treatments for patients

with the disease. Early in the disease it was noticed that
those with the disease suffered a loss of smell and taste,
as well as neurological and psychiatric symptoms, some
of which lasted long after the patients had “survived” the
disease [9-15]. As soon as the pandemic started, there
was a search for appropriate animal models in which to
study this unknown disease [16, 17]. While genetically
modified mice and rats are the basic animal models for
neurological and immunological research [18, 19] the
need to understand COVID-19 led to a range of animal
models; from fruit flies [20] and Zebrafish [21] to large
mammals [22, 23] and primates [24, 25]. And it was
just not one animal model that was needed, but many,
because different aspects of the disease are best studied
in different animal models [16, 25, 26]. There is also a
need to study the transmission pathways of the zoonosis:
where does it come from, what are the animal hosts and
how is it transferred to humans [27]?

There has been a need for animal models for understand-
ing the pathophysiology of COVID-19 [28], for studying
the mechanisms of transmission of the disease [16], for
studying its neurobiology [29,30] and for developing
new vaccines [31]. The sudden onset of the COVID-19
pandemic has highlighted the fact that animal research is
necessary, and that the curtailment of such research has
serious consequences for the health of both humans and
animals, both wild and domestic [32] As highlighted by
Adhikary et al. [22] and Genzel et al. [33] the coronavi-
rus has made clear the necessity for animal research and
the danger in surviving future such pandemics if animal
research is not fully supported. Genzel et al. [33], in par-
ticular, take issue with the proposal for a European ban
on animal testing. Finally, there is a danger in bypassing
animal research in developing new vaccines for diseases
such as COVID-19 [34]. The purpose of this paper is
to show that, while animal research is necessary for the
health of both humans and animals, there is a need to car-
ry out such experimentation in a controlled and humane
manner. The use of alternatives to animal research such
as cultured human cells and computer modeling may be
a useful adjunct to animal studies but will require that
such methods are more readily accessible to researchers
and are not a replacement for animal experimentation.

Pros and cons of animal experimentation

ARGUMENTS AGAINST ANIMAL EXPERIMENTATION

A fundamental question surrounding this debate is to
ask whether it is appropriate to use animals for medical
research. Is our acceptance that animals have a morally
lower value or standard of life just a case of speciesism
[35]? Nowadays, most people agree that animals have a
moral status and that needlessly hurting or abusing pets
or other animals is unacceptable. This represents some-
thing of a change from the historical point of view where
animals did not have any moral status and the treatment
of animals was mostly subservient to maintaining the
health and dignity of humans [36].
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Animal rights advocates strongly argue that the moral
status of non-human animals is similar to that of humans,
and that animals are entitled to equality of treatment. In
this view, animals should be treated with the same level
of respect as humans, and no one should have the right
to force them into any service or to kill them or use them
for their own goals. One aspect of this argument claims
that moral status depends upon the capacity to suffer or
enjoy life [37].

In terms of suffering and the capacity of enjoying life,
many animals are not very different from human be-
ings, as they can feel pain and experience pleasure [38].
Hence, they should be given the same moral status as
humans and deserve equivalent treatment. Supporters of
this argument point out that according animals a lower
moral status than humans is a type of prejudice known as
“speciesism” [38]. Among humans, it is widely accepted
that being a part of a specific race or of a specific gender
does not provide the right to ascribe a lower moral status
to the outsiders. Many advocates of animal rights deploy
the same argument, that being human does not give us
sufficient grounds declare animals as being morally less
significant [36].

ARGUMENTS IN FAVOR
OF ANIMAL EXPERIMENTATION

Those who support animal experimentation have fre-
quently made the argument that animals cannot be ele-
vated to be seen as morally equal to humans [39]. Their
main argument is that the use of the terms “moral status”
or “morality” is debatable. They emphasize that we must
not make the error of defining a quality or capacity asso-
ciated with an animal by using the same adjectives used
for humans [39]. Since, for the most part, animals do not
possess humans’ cognitive capabilities and lack full au-
tonomy (animals do not appear to rationally pursue spe-
cific goals in life), it is argued that therefore, they can-
not be included in the moral community [39]. It follows
from this line of argument that, if animals do not possess
the same rights as human beings, their use in research
experimentation can be considered appropriate [40]. The
European and the American legislation support this kind
of approach as much as their welfare is respected.
Another aspect of this argument is that the benefits to
human beings of animal experimentation compensate
for the harm caused to animals by these experiments.

In other words, animal harm is morally insignificant com-
pared to the potential benefits to humans. Essentially,
supporters of animal experimentation claim that human
beings have a higher moral status than animals and that
animals lack certain fundamental rights accorded to hu-
mans. The potential violations of animal rights during an-
imal research are, in this way, justified by the greater ben-
efits to mankind [40, 41]. A way to evaluate when the ex-
periments are morally justified was published in 1986 by
Bateson, which developed the Bateson’s Cube [42]. The
Cube has three axes: suffering, certainty of benefit and
quality of research. If the research is high-quality, ben-
eficial, and not inflicting suffering, it will be acceptable.
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At the contrary, painful, low-quality research with lower
likelihood of success will not be acceptable [42, 43].

Impact of experimentations on animals

ABILITY TO FEEL PAIN AND DISTRESS

Like humans, animal have certain physical as well as
psychological characteristics that make their use for ex-
perimentation controversial [44].

In the last few decades, many studies have increased
knowledge of animal awareness and sentience: they in-
dicate that animals have greater potential to experience
damage than previously appreciated and that current
rights and protections need to be reconsidered [45]. In
recent times, scientists as well as ethicists have broadly
acknowledged that animals can also experience distress
and pain [46]. Potential sources of such harm arising
from their use in research include disease, basic physio-
logical needs deprivation and invasive procedures [46].
Moreover, social deprivation and lack of the ability to
carry out their natural behaviors are other causes of ani-
mal harm [46]. Several studies have shown that, even in
response to very gentle handling and management, ani-
mals can show marked alterations in their physiological
and hormonal stress markers [47].

In spite of the fact that suffering and pain are personal-
ized experiences, several multi-disciplinary studies have
provided clear evidence of animals experiencing pain
and distress. In particular, some animal species have the
ability to express pain similarly to human due to com-
mon psychological, neuroanatomical and genetic char-
acteristics [48]. Similarly, animals share a resemblance
to humans in their developmental, genetic and environ-
mental risk factors for psychopathology. For instance,
in many species, it has been shown that fear operates
within a less organized subcortical neural circuit than
pain [49, 50]. Various types of depression and anxiety
disorders like posttraumatic stress disorder have also
been reported in mammals [51].

PSYCHOLOGICAL CAPABILITIES OF ANIMALS

Some researchers have suggested that besides their abil-
ity to experience physical and psychological pain and
distress, some animals also exhibit empathy, self-aware-
ness and language-like capabilities. They also demon-
strate tools-linked cognizance, pleasure-seeking and
advanced problem-solving skills [52]. Moreover, mam-
mals and birds exhibit playful behavior, an indicator of
the capacity to experience pleasure. Other taxa such as
reptiles, cephalopods and fishes have also been observed
to display playful behavior, therefore the current legisla-
tion prescribes the use of environmental enrichers [53].
The presence of self-awareness ability, as assessed by
mirror self-recognition, has been reported in magpies,
chimpanzees and other apes, and certain cetaceans [54].
Recently, another study has revealed that crows have the
ability to create and use tools that involve episodic-like
memory formation and its retrieval. From these findings,
it may be suggested that crows as well as related spe-
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cies show evidence of flexible learning strategies, causal
reasoning, prospection and imagination that are similar
to behavior observed in great apes [55]. In the context
of resolving the ethical dilemmas about animal exper-
imentation, these observations serve to highlight the
challenges involved [56, 57].

Ethics, principles and legislation
in animal experimentation

ETHICS IN ANIMAL EXPERIMENTATION

Legislation around animal research is based on the
idea of the moral acceptability of the proposed experi-
ments under specific conditions [58]. The significance
of research ethics that ensures proper treatment of ex-
perimental animals [58]. To avoid undue suffering of
animals, it is important to follow ethical considerations
during animal studies [1]. It is important to provide best
human care to these animals from the ethical and sci-
entific point of view [1]. Poor animal care can lead to
experimental outcomes [1]. Thus, if experimental ani-
mals mistreated, the scientific knowledge and conclu-
sions obtained from experiments may be compromised
and may be difficult to replicate, a hallmark of scientific
research [1]. At present, most ethical guidelines work on
the assumption that animal experimentation is justified
because of the significant potential benefits to human
beings. These guidelines are often permissive of animal
experimentation regardless of the damage to the animal
as long as human benefits are achieved [59].

PRINCIPLE OF THE 4 Rs

Although animal experimentation has resulted in many
discoveries and helped in the understanding numerous
aspects of biological science, its use in various sectors is
strictly controlled. In practice, the proposed set of animal
experiments is usually considered by a multidisciplinary
Ethics Committee before work can commence [60]. This
committee will review the research protocol and make a
judgment as to its sustainability. National and interna-
tional laws govern the utilization of animal experimen-
tation during research and these laws are mostly based
on the universal doctrine presented by Russell and Burch
(1959) known as principle of the 3 Rs. The 3Rs referred
to are Reduction, Refinement and Replacement, and are
applied to protocols surrounding the use of animals in
research. Some researchers have proposed another “R”,
of responsibility for the experimental animal as well as
for the social and scientific status of the animal experi-
ments [61]. Thus, animal ethics committees commonly
review research projects with reference to the 4 Rs prin-
ciples [62].

The first “R”, Reduction means that the experimental de-
sign is examined to ensure that researchers have reduced
the number of experimental animals in a research project
to the minimum required for reliable data [59]. Methods
used for this purpose include improved experimental de-
sign, extensive literature search to avoid duplication of

experiments [35], use of advanced imaging techniques,
sharing resources and data, and appropriate statistical
data analysis that reduce the number of animals needed
for statistically significant results [2, 63].

The second “R”, Refinement involves improvements
in procedure that minimize the harmful effects of the
proposed experiments on the animals involved, such as
reducing pain, distress and suffering in a manner that
leads to a general improvement in animal welfare. This
might include for example improved living conditions
for research animals, proper training of people handling
animals, application of anesthesia and analgesia when
required and the need for euthanasia of the animals at
the end of the experiment to curtail their suffering [63].
The third “R”, Replacement refers to approaches that re-
place or avoid the use of experimental animals altogeth-
er. These approaches involve use of in silico methods/
computerized techniques/software and in vitro methods
like cell and tissue culture testing, as well as relative re-
placement methods by use of invertebrates like nema-
tode worms, fruit flies and microorganisms in place of
vertebrates and higher animals [1]. Examples of proper
application of these first “3R2 principles are the use of
alternative sources of blood, the exploitation of commer-
cially used animals for scientific research, a proper train-
ing without use of animals and the use of specimen from
previous experiments for further researches [64-67].
The fourth “R”, Responsibility refers to concerns around
promoting animal welfare by improvements in experi-
mental animals’ social life, development of advanced
scientific methods for objectively determining sentience,
consciousness, experience of pain and intelligence in the
animal kingdom, as well as effective involvement in the
professionalization of the public discussion on animal
ethics [68].

OTHER ASPECTS OF ANIMAL RESEARCH ETHICS

Other research ethics considerations include having a
clear rationale and reasoning for the use of animals in a
research project. Researchers must have reasonable ex-
pectation of generating useful data from the proposed
experiment. Moreover, the research study should be de-
signed in such a way that it should involve the lowest
possible sample size of experimental animals while pro-
ducing statistically significant results [35].

All individual researchers that handle experimental ani-
mals should be properly trained for handling the partic-
ular species involved in the research study. The animal’s
pain, suffering and discomfort should be minimized
[69]. Animals should be given proper anesthesia when
required and surgical procedures should not be repeated
on same animal whenever possible [69]. The procedure
of humane handling and care of experimental animals
should be explicitly detailed in the research study pro-
tocol. Moreover, whenever required, aseptic techniques
should be properly followed [70]. During the research,
anesthetization and surgical procedures on experimen-
tal animals should only be performed by professionally
skilled individuals [69].
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The Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines that are issued by the National
Center for the Replacement, Refinement, and Reduction
of Animals in Research (NC3Rs) are designed to im-
prove the documentation surrounding research involv-
ing experimental animals [70]. The checklist provided
includes the information required in the various sections
of the manuscript i.e. study design, ethical statements,
experimental procedures, experimental animals and
their housing and husbandry, and more [70].

It is critical to follow the highest ethical standards while
performing animal experiments. Indeed, most of the
journals refuse to publish any research data that lack
proper ethical considerations [35].

INVESTIGATORS’ ETHICS

Since animals have sensitivity level similar to the hu-
man beings in terms of pain, anguish, survival instinct
and memory, it is the responsibility of the investigator
to closely monitor the animals that are used and identify
any sign of distress [71]. No justification can rationalize
the absence of anesthesia or analgesia in animals that
undergo invasive surgery during the research [72]. In-
vestigators are also responsible for giving high-quality
care to the experimental animals, including the supply
of a nutritious diet, easy water access, prevention of and
relief from any pain, disease and injury, and appropriate
housing facilities for the animal species [73]. A research
experiment is not permitted if the damage caused to the
animal exceeds the value of knowledge gained by that
experiment. No scientific advancement based on the
destruction and sufferings of another living being could
be justified. Besides ensuring the welfare of animals
involved, investigators must also follow the applicable
legislation [74, 75].

To promote the comfort of experimental animals in En-
gland, an animal protection society named: ‘The Soci-
ety for the Preservation of Cruelty to Animals’ (now the
Royal Society for the Prevention of Cruelty to Animals)
was established (1824) that aims to prevent cruelty to
animal [76].

ANIMAL WELFARE LAWS

Legislation for animal protection during research has
long been established. In 1876 the British Parliament
sanctioned the ‘Cruelty to Animals Act’ for animal pro-
tection. Russell and Burch (1959) presented the ‘3 Rs’
principles: Replacement, Reduction and Refinement, for
use of animals during research [61]. Almost seven years
later, the U.S.A also adopted regulations for the protec-
tion of experimental animals by enacting the Laboratory
Animal Welfare Act of 1966 [60]. In Brazil, the Arouca
Law (Law No. 11,794/08) regulates the animal use in
scientific research experiments [76].

These laws define the breeding conditions, and regulate
the use of animals for scientific research and teaching
purposes. Such legal provisions control the use of anes-
thesia, analgesia or sedation in experiments that could
cause distress or pain to experimental animals [59, 76].
These laws also stress the need for euthanasia when an
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experiment is finished, or even during the experiment if
there is any intense suffering for the experimental ani-
mal [76].

Several national and international organizations have
been established to develop alternative techniques so
that animal experimentation can be avoided, such as the
UK-based National Centre for the Replacement, Refine-
ment and Reduction of Animals in Research (NC3Rs)
(www.caat.jhsph.edu), the European Centre for the Val-
idation of Alternative Methods (ECVAM) [77], the Uni-
versities Federation for Animal Welfare (UFAW) (www.
ufaw.org.uk), The Interagency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM)
[78], and The Center for Alternatives to Animal Testing
(CAAT) (www.caat.jhsph.edu). The Brazilian ‘Arouca
Law’ also constitutes a milestone, as it has created the
‘National Council for the Control of Animal Experimen-
tation’ (CONCEA) that deals with the legal and ethical
issues related to the use of experimental animals during
scientific research [76].

Although national as well as international laws and
guidelines have provided basic protections for experi-
mental animals, the current regulations have some signif-
icant discrepancies. In the U.S., the Animal Welfare Act
excludes rats, mice and purpose-bred birds, even though
these species comprise almost 90% of the animals that
are used for research purpose [79]. On the other hand,
certain cats and dogs are getting special attention along
with extra protection. While the U.S. Animal Welfare
Act ignores birds, mice and rats, the U.S. guidelines that
control research performed using federal funding ensure
protections for all vertebrates [79, 80].

Living conditions of animals

CHOICE OF THE ANIMAL MODEL

Based on all the above laws and regulations and in line
with the deliberations of ethical committees, every re-
searcher must follow certain rules when dealing with
animal models.

Before starting any experimental work, thorough re-
search should be carried out during the study design
phase so that the unnecessary use of experimental an-
imals is avoided. Nevertheless, certain research stud-
ies may have compelling reasons for the use of animal
models, such as the investigation of human diseases and
toxicity tests. Moreover, animals are also widely used in
the training of health professionals as well as in training
doctors in surgical skills [1, 81].

Researcher should be well aware of the specific traits of
the animal species they intend to use in the experiment,
such as its developmental stages, physiology, nutritional
needs, reproductive characteristics and specific behav-
iors. Animal models should be selected on the basis of
the study design and the biological relevance of the an-
imal [1].

Typically, in early research, non-mammalian models are
used to get rapid insights into research problems such
as the identification of gene function or the recognition
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of novel therapeutic options. Thus, in biomedical and
biological research, among the most commonly used
model organisms are the Zebrafish, the fruit fly Dro-
sophila melanogaster and the nematode Caenorhabditis
elegans. The main advantage of these non-mammalian
animal models is their prolific reproducibility along with
their much shorter generation time. They can be easily
grown in any laboratory setting, are less expensive than
the murine animal models and are somewhat more pow-
erful than the tissue and cell culture approaches [82].
Caenorhabditis elegans is a small-sized nematode with a
short life cycle and that exists in large populations and is
relatively inexpensive to cultivate. Scientists have gath-
ered extensive knowledge of the genomics and genetics
of Caenorhabditis elegans; but Caenorhabditis elegans
models, while very useful in some respects, are unable to
represent all signaling pathways found in humans. Fur-
thermore, due to its short life cycle, scientists are unable
to investigate long term effects of test compounds or to
analyze primary versus secondary effects [6].

Similarly, the fruit fly Drosophila melanogaster has
played a key role in numerous biomedical discoveries.
It is small in size, has a short life cycle and large pop-
ulation size, is relatively inexpensive to breed, and ex-
tensive genomics and genetics information is available
[6]. However, its respiratory, cardiovascular and ner-
vous systems differ considerably from human beings.
In addition, its immune system is less developed when
compared to vertebrates, which is why effectiveness of
a drug in Drosophila melanogaster may not be easily
extrapolated to humans [83].

The Zebrafish (Danio rerio) is a small freshwater tele-
ost, with transparent embryos, providing easy access for
the observation of organogenesis and its manipulation.
Therefore, Zebrafish embryos are considered good an-
imal models for different human diseases like tubercu-
losis and fetal alcohol syndrome and are useful as neu-
rodevelopmental research models. However, Zebrafish
has very few mutant strains available, and its genome
has numerous duplicate genes making it impossible to
create knockout strains, since disrupting one copy of the
gene will not disrupt the second copy of that gene. This
feature limits the use of Zebrafish as animal models to
study human diseases. Additionally they are rather ex-
pensive, have long life cycle, and genomics and genetics
studies are still in progress [82, 84].

Thus, experimentation on these three animals might not
be equivalent to experimentation on mammals. Mam-
malian animal model are most similar to human beings,
so targeted gene replacement is possible. Traditionally,
mammals like monkey and mice have been the preferred
animal models for biomedical research because of their
evolutionary closeness to humans. Rodents, particular-
ly mice and rats, are the most frequently used animal
models for scientific research. Rats are the most suitable
animal model for the study of obesity, shock, peritonitis,
sepsis, cancer, intestinal operations, spleen, gastric ul-
cers, mononuclear phagocytic system, organ transplan-
tations and wound healing. Mice are more suitable for

studying burns, megacolon, shock, cancer, obesity, and
sepsis as mentioned previously [85].

Similarly, pigs are mostly used for stomach, liver and
transplantation studies, while rabbits are suitable for the
study of immunology, inflammation, vascular biology,
shock, colitis and transplantations. Thus, the choice of
experimental animal mainly depends upon the field of
scientific research under consideration [1].

HOUSING AND ENVIRONMENTAL ENRICHMENT

Researchers should be aware of the environment and
conditions in which laboratory animals are kept during
research, and they also need to be familiar with the me-
tabolism of the animals kept in vivarium, since their me-
tabolism can easily be altered by different factors such
as pain, stress, confinement, lack of sunlight, etc. Hous-
ing conditions alter animal behavior, and this can in turn
affect experimental results. By contrast, handling pro-
cedures that feature environmental enrichment and en-
hancement help to decrease stress and positively affect
the welfare of the animals and the reliability of research
data [74, 75].

In animals, distress- and agony-causing factors should
be controlled or eliminated to overcome any interference
with data collection as well as with interpretation of the
results, since impaired animal welfare leads to more an-
imal usage during experiment, decreased reliability and
increased discrepancies in results along with the unnec-
essary consumption of animal lives [86].

To reduce the variation or discrepancies in experimental
data caused by various environmental factors, experi-
mental animals must be kept in an appropriate and safe
place. In addition, it is necessary to keep all variables
like humidity, airflow and temperature at levels suitable
for those species, as any abrupt variation in these factors
could cause stress, reduced resistance and increased sus-
ceptibility to infections [74].

The space allotted to experimental animals should per-
mit them free movement, proper sleep and where feasi-
ble allow for interaction with other animals of the same
species. Mice and rats are quite sociable animals and
must, therefore, be housed in groups for the expression
of their normal behavior. Usually, laboratory cages are
not appropriate for the behavioral needs of the animals.
Therefore, environmental enrichment is an important
feature for the expression of their natural behavior that
will subsequently affect their defense mechanisms and
physiology [87].

The features of environmental enrichment must satisfy
the animals’ sense of curiosity, offer them fun activities,
and also permit them to fulfill their behavioral and phys-
iological needs. These needs include exploring, hiding,
building nests and gnawing. For this purpose, different
things can be used in their environment, such as PVC
tubes, cardboard, igloos, paper towel, cotton, disposable
masks and paper strips [87].

The environment used for housing of animals must be
continuously controlled by appropriate disinfection,
hygiene protocols, sterilization and sanitation process-
es. These steps lead to a reduction in the occurrence of
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various infectious agents that often found in vivarium,
such as Sendai virus, cestoda and Mycoplasma pulmo-
nis [88].

EUTHANASIA

Euthanasia is a term derived from Greek, and it means a
death without any suffering. According to the Brazilian
Arouca Law (Article 14, Chapter IV, Paragraphs 1 and
2), an animal should undergo euthanasia, in strict com-
pliance with the requirements of each species, when the
experiment ends or during any phase of the experiment,
wherever this procedure is recommended and/or when-
ever serious suffering occurs. If the animal does not un-
dergo euthanasia after the intervention it may leave the
vivarium and be assigned to suitable people or to the an-
imal protection bodies, duly legalized [1].

Euthanasia procedures must result in instant loss of con-
sciousness which leads to respiratory or cardiac arrest as
well as to complete brain function impairment. Another
important aspect of this procedure is calm handling of
the animal while taking it out of its enclosure, to reduce
its distress, suffering, anxiety and fear. In every research
project, the study design should include the details of
the appropriate endpoints of these experimental animals,
and also the methods that will be adopted. It is important
to determine the appropriate method of euthanasia for
the animal being used. Another important point is that,
after completing the euthanasia procedure, the animal’s
death should be absolutely confirmed before discarding
their bodies [87, 89].

Relevanc_e of animal experimentations
and possible alternatives

RELEVANCE OF ANIMAL EXPERIMENTS
AND THEIR ADVERSE EFFECTS ON HUMAN HEALTH

One important concern is whether human diseases, when
inflicted on experimental animals, adequately mimic the
progressions of the disease and the treatment responses
observed in humans. Several research articles have made
comparisons between human and animal data, and in-
dicated that the results of animals’ research could not
always be reliably replicated in clinical research among
humans. The latest systematic reviews about the treat-
ment of different clinical conditions including neurol-
ogy, vascular diseases and others, have established that
the results of animal studies cannot properly predict hu-
man outcomes [59, 90].

At present, the reliability of animal experiments for ex-
trapolation to human health is questionable. Harmful
effects may occur in humans because of misleading re-
sults from research conducted on animals. For instance,
during the late fifties, a sedative drug, thalidomide, was
prescribed for pregnant women, but some of the women
using that drug gave birth to babies lacking limbs or with
foreshortened limbs, a condition called phocomelia.
When thalidomide had been tested on almost all animal
models such as rats, mice, rabbits, dogs, cats, hamsters,
armadillos, ferrets, swine, guinea pig, etc., this terato-
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genic effect was observed only occasionally [91]. Sim-
ilarly, in 2006, the compound TGN 1412 was designed
as an immunomodulatory drug, but when it was injected
into six human volunteer, serious adverse reactions were
observed resulting from a deadly cytokine storm that in
turn led to disastrous systemic organ failure. TGN 1412
had been tested successfully in rats, mice, rabbits, and
non-human primates [92]. Moreover, Bailey (2008) re-
ported 90 HIV vaccines that had successful trial results
in animals but which failed in human beings [93]. More-
over, in Parkinson disease, many therapeutic options that
have shown promising results in rats and non-human
primate models have proved harmful in humans. Hence,
to analyze the relevance of animal research to human
health, the efficacy of animal experimentation should be
examined systematically [94, 95]. At the same time, the
development of hyperoxaluria and renal failure (up to
dialysis) after ileal-jejunal bypass was unexpected be-
cause this procedure was not preliminarily evaluated on
an animal model [96].

Several factors play a role in the extrapolation of ani-
mal-derived data to humans, such as environmental con-
ditions and physiological parameters related to stress,
age of the experimental animals, etc. These factors
could switch on or off genes in the animal models that
are specific to species and/or strains. All these observa-
tions challenge the reliability and suitability of animal
experimentation as well as its objectives with respect to
human health [76, 92].

ALTERNATIVE TO ANIMAL EXPERIMENTATION/
DEVELOPMENT OF NEW PRODUCTS

AND TECHNIQUES TO AVOID ANIMAL SACRIFICE
IN RESEARCH

Certainly, in vivo animal experimentation has signifi-
cantly contributed to the development of biological and
biomedical research. However it has the limitations of
strict ethical issues and high production cost. Some sci-
entists consider animal testing an ineffective and immor-
al practice and therefore prefer alternative techniques to
be used instead of animal experimentation. These alter-
native methods involve in vitro experiments and ex vivo
models like cell and tissue cultures, use of plants and
vegetables, non-invasive human clinical studies, use of
corpses for studies, use of microorganisms or other sim-
pler organism like shrimps and water flea larvae, physi-
cochemical techniques, educational software, computer
simulations, mathematical models and nanotechnolo-
gy [97]. These methods and techniques are cost-effec-
tive and could efficiently replace animal models. They
could therefore, contribute to animal welfare and to the
development of new therapies that can identify the ther-
apeutics and related complications at an early stage [1].
The National Research Council (UK) suggested a shift
from the animal models toward computational models,
as well as high-content and high-throughput in vitro
methods. Their reports highlighted that these alternative
methods could produce predictive data more affordably,
accurately and quickly than the traditional in vivo or ex-
perimental animal methods [98].
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Increasingly, scientists and the review boards have to as-
sess whether addressing a research question using the
applied techniques of advanced genetics, molecular,
computational and cell biology, and biochemistry could
be used to replace animal experiments [59]. It must be
remembered that each alternative method must be first
validated and then registered in dedicated databases.

An additional relevant concern is how precisely animal
data can mirror relevant epigenetic changes and human
genetic variability. Langley and his colleagues have
highlighted some of the examples of existing and some
emerging non-animal based research methods in the ad-
vanced fields of neurology, orthodontics, infectious dis-
eases, immunology, endocrine, pulmonology, obstetrics,
metabolism and cardiology [99].

IN SILICO SIMULATIONS AND INFORMATICS

Several computer models have been built to study car-
diovascular risk and atherosclerotic plaque build-up,
to model human metabolism, to evaluate drug toxicity
and to address other questions that were previously ap-
proached by testing in animals [100].

Computer simulations can potentially decrease the
number of experiments required for a research project,
however simulations cannot completely replace labora-
tory experiments. Unfortunately, not all the principles
regulating biological systems are known, and computer
simulation provide only an estimation of possible effects
due to the limitations of computer models in compari-
son with complex human tissues. However, simulation
and bio-informatics are now considered essential in all
fields of science for their efficiency in using the existing
knowledge for further experimental designs [76].

At present, biological macromolecules are regularly
simulated at various levels of detail, to predict their re-
sponse and behavior under certain physical conditions,
chemical exposures and stimulations. Computational
and bioinformatic simulations have significantly re-
duced the number of animals sacrificed during drug dis-
covery by short listing potential candidate molecules for
a drug. Likewise, computer simulations have decreased
the number of animal experiments required in other ar-
eas of biological science by efficiently using the existing
knowledge. Moreover, the development of high defini-
tion 3D computer models for anatomy with enhanced
level of detail, it may make it possible to reduce or elimi-
nate the need for animal dissection during teaching [101,
102].

3D CELL-CULTURE MODELS AND ORGANS-ON-CHIPS

In the current scenario of rapid advancement in the
life sciences, certain tissue models can be built using
3D cell culture technology. Indeed, there are some or-
gans on micro-scale chip models used for mimicking
the human body environment. 3D models of multiple
organ systems such as heart, liver, skin, muscle, testis,
brain, gut, bone marrow, lungs and kidney, in addition
to individual organs, have been created in microfluid-
ic channels, re-creating the physiological chemical and
physical microenvironments of the body [103]. These

emerging techniques, such as the biomedical/biological
microelectromechanical system (Bio-MEMS) or lab-on-
a-chip (LOC) and micro total analysis systems (ITAS)
will, in the future, be a useful substitute for animal ex-
perimentation in commercial laboratories in the biotech-
nology, environmental safety, chemistry and pharmaceu-
tical industries. For 3D cell culture modeling, cells are
grown in 3D spheroids or aggregates with the help of a
scaffold or matrix, or sometimes using a scaffold-free
method. The 3D cell culture modeling conditions can be
altered to add proteins and other factors that are found
in a tumor microenvironment, for example, or in partic-
ular tissues. These matrices contain extracellular matrix
components such as proteins, glycoconjugates and gly-
cosaminoglycans that allow for cell communication, cell
to cell contact and the activation of signaling pathways
in such a way that the morphological and functional
differentiation of these cells can accurately mimic their
environment in vivo. This methodology, in time, will
bridge the gap between in vivo and in vitro drug screen-
ing, decreasing the utilization of animal models during
research [104].

ALTERNATIVES TO MICROBIAL CULTURE MEDIA AND
SERUM-FREE ANIMAL CELL CULTURES

There are moves to reduce the use of animal derived prod-
ucts in many areas of biotechnology. Microbial culture
media peptones are mostly made by the proteolysis of
farmed animal meat. However, nowadays, various sup-
pliers provide peptones extracted from yeast and plants.
Although the costs of these plant-extracted peptones are
the same as those of animal peptones, plant peptones are
more environmentally favorable since less plant mate-
rial and water are required for them to grow, compared
with the food grain and fodder needed for cattle that are
slaughtered for animal peptone production [105].
Human cell culture is often carried out in a medium
that contains fetal calf serum, the production of which
involves animal (cow) sacrifice or suffering. In fact, liv-
ing pregnant cows are used and their fetuses removed to
harvest the serum from the fetal blood. Fetal calf serum
is used because it is a natural medium rich in all the re-
quired nutrients and significantly increases the chances
of successful cell growth in culture. Scientists are striv-
ing to identify the factors and nutrients required for the
growth of various types of cells, with a view to elimi-
nating the use of calf serum. At present, most cell lines
could be cultured in a chemically-synthesized medium
without using animal products. Furthermore, data from
chemically-synthesized media experiments may have
better reproducibility than those using animal serum me-
dia, since the composition of animal serum does change
from batch to batch on the basis of animals’ gender, age,
health and genetic background [76].

ALTERNATIVES TO ANIMAL-DERIVED ANTIBODIES

Animal friendly affinity reagents may act as an alterna-
tive to antibodies produced, thereby removing the need
for animal immunization. Typically, these antibodies are
obtained in vitro by yeast, phage or ribosome display.
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In a recent review, a comparative analysis between an-
imal friendly affinity reagents and animal derived-anti-
bodies showed that the affinity reagents have superior
quality, are relatively less time consuming, have more
reproducibility and are more reliable and are cost-effec-
tive [106, 107].

Conclusions

Animal experimentation led to great advancement in bi-
ological and biomedical sciences and contributed to the
discovery of many drugs and treatment options. How-
ever, such experimentation may cause harm, pain and
distress to the animals involved. Therefore, to perform
animal experimentations, certain ethical rules and laws
must be strictly followed and there should be proper jus-
tification for using animals in research projects. Further-
more, during animal experimentation the 4 Rs principles
of reduction, refinement, replacement and responsibili-
ty must be followed by the researchers. Moreover, be-
fore beginning a research project, experiments should
be thoroughly planned and well-designed, and should
avoid unnecessary use of animals. The reliability and
reproducibility of animal experiments should also be
considered. Whenever possible, alternative methods to
animal experimentation should be adopted, such as in
vitro experimentation, cadaveric studies, and computer
simulations.

While much progress has been made on reducing animal
experimentation there is a need for greater awareness of
alternatives to animal experiments among scientists and
easier access to advanced modeling technologies. Great-
er research is needed to define a roadmap that will lead
to the elimination of all unnecessary animal experimen-
tation and provide a framework for adoption of reliable
alternative methodologies in biomedical research.
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