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Introduction
Since the fifth century BC, there have been reports of 
scientific experiments involving animals, but their use 
has become more frequent since the nineteenth century. 
Animal welfare would then comprise only stress reduction, 
animal suffering not being taken into account for many 
years.1 In 1824, the first animal protection society, the 
Society for the Preservation of Cruelty to Animals, was 
established in England to promote animal comfort, there-
by helping to prevent cases of cruelty.2

In 1959, Russell and Burch described the principle of 
the “3 Rs” – Replace, Reduce, Refine – for research using 
animals. This principle recommended substituting con-
scious living vertebrates with phylogenetically more prim-
itive life forms, such as the more degenerate metazoan 
microorganisms and endoparasites, or with computerized 
simulations. The reduction principle advised that research 
and procedures should be carried out with as few animals 
as possible, while the refinement principle suggested that 
the techniques used should decrease their pain and distress 
at all stages of the study.2,3 

In Brazil, Law No. 11,794/08, also known as the Arou-
ca Law, regulates the use of animals in scientific experi-
ments. Chapter IV of the Arouca Law describes the con-
ditions for breeding and using these animals in teaching 
and scientific research, such as the use of sedation, anal-
gesia or anesthesia in any experiment that may cause pain 
or distress. It also recommends performing euthanasia 
whenever the experiment is terminated or at any of its 
phases when there is intense suffering of the animal.4

The Arouca Law created Brazil’s National Council for 
the Control of Animal Experimentation (Concea, Portu-
guese acronym for Conselho Nacional de Controle de 
Experimentação Animal), assigned to draw up the guide-

lines and enforce compliance with them regarding the 
humane use of animals in scientific research. It also set 
up the Ethics Commissions on the Use of Animals (CEUAs, 
Portuguese acronym for Comissões de Ética no Uso de 
Animais) as an indispensable condition for the accredi-
tation of teaching and research institutions that use an-
imals in scientific experiments.4

The purpose of using animals in teaching is to illus-
trate or carry out procedures that are already known, un-
like their use in research, which is aimed at contributing 
to developing new drugs or treatments, in addition to 
clarifying certain biological phenomena.5

Many advances in health sciences were possible thanks 
to scientific experiments conducted on animals. Howev-
er, actions from non-governmental organizations (NGOs) 
towards protecting and preserving animals are still fre-
quent. Some scientists argue that the predictive value of 
this type of research is often low and may lead to biased 
or imprecise results, which would result in unnecessary 
suffering to the animals and clinically irrelevant data.6

It can therefore be stated that the practice of animal 
experimentation is considered a widespread activity in 
the scientific environment. Nevertheless, it has provoked 
public reactions, and this practice has been intensely 
debated both in society and academic institutions.5,6

Our study was aimed at undertaking a narrative review 
on ethics and welfare in animal experimentation, as well 
as discussing alternative methods to its use.

Choosing the animal model
Meticulous research should be undertaken for project 
planning prior to initiating any experiment in order to 
avoid unnecessary use of living animals.3 There are reasons 
for their use in several studies, such as those investigating 
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human diseases and in toxicity tests. In addition, animals 
are used as an asset to teaching health professionals and 
training their surgical skills.7 

Investigators should know the particular traits of the 
species they intend to use, such as its physiology, devel-
opmental stages, reproductive characteristics, specific 
behaviors and nutritional needs. In practice, when actu-
ally conducting experiments, choosing the appropriate 
animal model is done based on how easy the husbandry 
practices and handling of the animal species are, rather 
than experimental design or animal biological relevance.8

Rodents, especially rats and mice, are among the most 
commonly used animals in scientific research.3 In the 
United States alone, 26 million mice and rats are used per 
year, which makes up to 96 to 98% of all animal testing.9

Rats are most appropriate for work involving shock, 
sepsis, obesity, peritonitis, cancer, gastric ulcers, intestinal 
operations, the mononuclear phagocytic system, spleen, 
wound healing and organ transplantations (Figure 1). 
Mice, in turn, are more suited to studying megacolon and 
burns, as well as shock, sepsis, obesity and cancer, as pre-
viously mentioned.3

Pigs are used in liver, stomach and transplantation 
studies (Figure 2), whereas rabbits are suited for studies 
on immunology, shock, inflammation, colitis, vascular 
operations and transplantations. Dogs fell into disuse, 
mainly due to the activity of NGOs engaged in protecting 
the species. However, their use was common in teaching 
surgical technique and studying shock, malabsorption, 
colitis, pancreatitis, hepatic and splenic operations, as 
well as transplantations.3

Thus, choosing an animal for laboratory use depends 
on the scientific research. There are some animals whose 
genetic lineage makes them prone to certain diseases, such 
as diabetes mellitus or high blood pressure, and therefore 
are ideal choices for testing drugs and/or procedures when 
studying such conditions.9

It is of utmost importance to know the microbio-
logical standard of laboratory animals, given that it not 
only affects people, but can also influence the results of 
the experiments. Studies have been using an increasing 
number of specific pathogen-free (SPF) animals, that is, 
animals which are free of specific microorganisms and 
parasites. In order to obtain this type of sanitary status, 
it is essential that animals be husbanded and kept in 
settings that are protected by strict sanitary barriers 
and frequently monitored, since many rodent infections 
are subclinical.10 

Housing and environmental enrichment
Several aspects relative to the husbandry and housing of 
species are neglected. Group housing is important, but 
can give rise to aggression, hence causing pain, injury or 
death. Also, animals that are stressed or injured may com-
promise the scientific validity of the study.11

Investigators should be concerned about the circum-
stances in which animals are kept during the study, as well 
as familiarize themselves with the metabolism of the species 
kept in vivaria, which can be altered by factors such as 
confinement, stress, pain, lack of sunlight and more.8,12

Housing conditions not only affect the behavior of the 
animals but also interfere with the results of the experiments. 
Environmental enrichment and enhancement procedures 
help reduce stress and positively affect performance.6 

Accordingly, knowledge of the specific behavior and 
physiology of the species is extremely important, so that FIGURE 1  Healing test using rats as an animal model.

FIGURE 2  Operative technique using pigs as an animal model.
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experiments can be conducted while aiming at reducing 
pain, suffering and stress inside the enclosure, thereby 
promoting animal welfare and consequently increasing 
reliability of research data.13

Factors causing agony and distress in animals should 
be eliminated or controlled so that there is no interference 
in data collection and interpretation of results. The need 
for more animals, reduced reliability, increased variabil-
ity in results and unnecessary use of lives all stem from 
impaired welfare.14

Animals should be kept in a safe and appropriate place 
in order to reduce experiment data variation arising from 
the environment. It is essential to keep variables such as tem-
perature, humidity and airflow at levels that are appropri-
ate for each species, since abrupt variations can cause stress, 
decreased resistance and greater susceptibility to infections.6,13

The space allocated to animals must permit free move-
ment, sleep and contact with other animals of the same 
species.4 Rats and mice are very sociable animals and, 
therefore, should be housed in groups so that they can 
develop normal behavior. Laboratory cages are usually 
not suitable for the animals’ behavioral needs. Hence, 
environmental enrichment is an important feature for 
them to express their natural behavior, which will affect 
their physiology and defense mechanisms.13 

The enrichment features should satisfy their curiosity, 
provide them with fun activities, and allow for the fulfill-
ment of their physiological and behavioral needs, such 
as building nests, exploring, gnawing and hiding. The use 
of igloos, cardboard/PVC tubes, cotton, paper towel, paper 
strips and disposable masks favors this objective.13

When a new animal is placed into the experiment’s 
settings, they should go through a period of acclimatiza-
tion (quarantine), as abrupt changes in their living con-
ditions can elicit a pressure response, which, albeit tem-
porary, can lead to distress.14

The environment to be used for animal housing must 
be constantly controlled by hygiene, disinfection, sanita-
tion and sterilization processes. Several infectious agents 
found in vivaria, such as Sendai virus, Mycoplasma pulmonis 
and cestoda, are currently becoming increasingly rarer. 
However, the mouse hepatitis virus still remains a threat.10 

Euthanasia
The term euthanasia is derived from Greek and means 
death without suffering. The Arouca Law (Article 14, 
Chapter IV, Paragraphs 1 and 2) states that an animal 
shall be subjected to euthanasia, in strict obedience to 
the requirements pertaining to each species, whenever 
the experiment is terminated or at any of its phases, where 

such a procedure is recommended, as well as whenever 
severe suffering occurs. If the animal should not be sub-
mitted to euthanasia, it may exceptionally leave the vivar-
ium after intervention and be assigned to suitable persons 
or animal protection entities, duly legalized.4 

Such a procedure is also indicated where the animal’s 
welfare is irreversibly impaired and neither pain nor suf-
fering can be controlled with analgesics or sedatives, or 
in those cases where the animal constitutes a threat to 
public health and a risk to the native fauna or to the 
environment.4,13,15

Euthanasia techniques should result in a rapid loss 
of consciousness followed by cardiac or respiratory arrest 
and definite impairment of brain function. It is important 
to handle the animal calmly and out of its enclosure, seek-
ing to reduce distress, fear and anxiety.13

Prior to choosing the most appropriate method, one 
must take into consideration the animal species involved, 
the animal’s age and physiological status, as well as the 
safety of the person euthanizing the animal. Every research 
project should contain the description of appropriate 
endpoints for the animal species and the procedures that 
will be used.13,15 

There are both chemical and physical methods. The 
chemical methods available include injectable agents (bar-
biturates, propofol, potassium chloride); inhalable agents 
(carbon dioxide, nitrogen, argon); and anesthetics (halo-
thane, isoflurane and sevoflurane). Physical ones comprise: 
compressed air gun (non-penetrating) and captive dart 
(penetrating); fire gun; decapitation; exsanguination; elec-
trocution; maceration and cervical dislocation.15 

The physical methods may be classified as either re-
stricted or unacceptable. Therefore, it is important to 
search for the appropriate method for the species being 
used. After completion of the procedure, death should 
be confirmed before the animals’ bodies are discarded.13-15

Alternative methods
The authorized use of animals in teaching activities raises 
very controversial issues, especially considering that it often 
involves invasive procedures. This is quite questionable in 
veterinary educational programs, where its ethical justifi-
cation is to foster the progress of medical knowledge.16

Continuing medical education is increasingly chang-
ing, and the search for alternative methods in surgical 
training has been increasing, so as to avoid the overuse 
of animals, thereby reinforcing ethical principles and 
animal rights. Accordingly, educational institutions seek 
ways to teach surgical practice without compromising 
the quality of teaching.17
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Some authors argue that animal experimentation, in 
addition to being detrimental to maintaining life and 
bodily integrity, avoiding pain and frustration, is also 
non-consensual, given that it is conducted on living beings 
that did not voluntarily agree to participate in the research. 
Despite technological advances in alternative methods, it 
is estimated that scientific research uses around 100 mil-
lion animals every year worldwide.17-19 

The use of animals in several studies remains unac-
ceptable to some people, even to some researchers, due to 
their constant concern for animal welfare. However, some 
important pieces of information are not always externalized, 
such as animal care during the investigation and the role 
of the veterinarian in this process, ensuring that it is pos-
sible to balance scientific goals and animal welfare.20,21

Most scientists and some members of the general 
public, nevertheless, agree that animal testing should be 
allowed where there are no other viable alternatives and 
provided that it is carried out under strict regulations. 
They believe it is useful to investigate disease mechanisms, 
validate new drugs, and to provide information on drug 
toxicity and interactions.7 

The search for alternatives to animal experimentation, 
including its educational aspect, is experiencing intense 
evolution. These methods can be any given choice that 
can replace, reduce or refine the use of animals in bio-
medical research, testing or teaching. In the latter, animal 
experimentation can practically be replaced altogether 
without major impairment to learning.14,22 

Some authors suggest the use of alternative techniques 
to animal testing, since they consider it an immoral and 
ineffective practice. These methods include in vitro tests 
(tissues and cells); the use of vegetables; non-invasive 
clinical studies in human volunteers; conducting studies 
with corpses instead; the use of lower organisms that are 
not classified as protected animals (shrimp and water flea 
larvae); physicochemical techniques; computer simula-
tions; educational software; films; mathematical models; 
nanotechnology; and test dummies.22

Computer models run on specialized software and 
lower organisms (Figure 3) are the alternatives of choice 
for assessing the biological effectiveness of active drugs 
and molecular/genetic studies,23 respectively.

The use of porcine small intestine and pork belly skin 
has proved useful in teaching suturing, grafting and surgical 
knotting techniques. Still, the absence of bleeding restricts 
the training for hemostasis, which is thus a limiting factor.17-19 

The embryo of zebra fish (Danio-rerio) is considered 
a promising model for predicting toxicity in vertebrates, 
including humans. Its rapid development and transpar-

ency facilitate the evaluation of phenotypic effects, mak-
ing it an effective model for the study of human diseases.24 

Still, these alternative methods are at different stages 
of development and validation. This is a difficult and slow 
process, since it entails collaborative studies, which are in 
turn carried out in several places, and the analysis of inter- 
and intra-laboratory variations.22 They must undergo a 
series of evaluations, such as effectiveness, safety, toxicity, 
specificity, sensitivity and predictive value, before they can 
eventually be validated as alternative methods.8

Animal experimentation is still necessary for certain 
teaching and research practices, since there is still no 
sufficient technology to replace it altogether,2 but there 
has been a clear reduction in the number of studies in-
volving animals over the last decades.25

It is undeniable that in vivo animal experimentation 
has contributed to biological development and biomed-
ical research, yet it is also associated with high production 
costs and strict ethical considerations. These limitations 
led to the development of a cost-effective ex vivo model 
that can effectively replace in vivo and in vitro models, 
thus contributing to animal welfare.26 

Ex vivo models can be used to develop new therapies 
in which the disease can be identified at an earlier stage 
and treated with very advanced techniques. In dentistry, 
with the development of an ex vivo culture model, the in-
vestigation of inflammatory cell behavior and metabolism 
in different types of periodontal disease has become easy.23,26

Investigators’ ethics
The behavior of investigators and professionals who use 
animals in research has been changing based on the latest 

FIGURE 3  Use of inferior organisms as an alternative method to 

the use of vertebrate animals.
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technology and science advances pertaining to laborato-
ry animals. Currently, animal sensitivity is known to be 
similar to that of humans in regards to pain, memory, 
anguish and survival instinct.13 For this reason, it is the 
investigator’s responsibility to monitor the animals op-
erated on and recognize the signs of distress. There is no 
justification for the absence of analgesia in those animals 
undergoing invasive experimental surgery.27

Scientists are accountable for providing high-quality 
care to laboratory animals, such as easy access to water 
and a nutritious diet; prevention of and relief from pain, 
injury and disease; and appropriate housing for the spe-
cies.28 Conducting research is not permitted in cases where 
the damage to the animal is greater than the gain in knowl-
edge, since no scientific advance can be justified based on 
the suffering of other living beings.29 In addition to en-
suring animal welfare, researchers must comply with the 
relevant legislation. Also, it is their responsibility to inquire 
about the subject.12 

A clear legislation is mandatory, as well as conducting 
well-delineated research.2 Whenever animal experimen-
tation is involved, it is necessary to invest time in appro-
priately designing the project in order to justify the eth-
ical argument for carrying out the scientific investigation, 
especially when determining the number of animals 
needed for ensuring reproducible results.6 

One should perform all experiments ethically and 
with a justification, not abusing one’s human right over 
animals and in such a manner as to avoid their suffering.13 
It is important that the use of animal testing be discussed 
especially in universities, from where future researchers 
will emerge.29

Scientists should make the best of their knowledge 
and experience so they can share with the general public 
the reasons why animal studies are important for scien-
tific breakthroughs. All institutions engaged in animal 
research also have a moral obligation to play a more active 
role than they are currently doing in fostering education 
and maintaining a dialog with the general public. They 
should not only promote the evidence, but also share how 
they conduct their research and provide care to the animals 
involved.7,9,12

Final considerations
It is evident that the use of animals in both research and 
teaching has offered great contributions, especially to 
health sciences as they allowed for many important 
discoveries, such as the development of new drugs and 
treatments, as well as the understanding of certain bi-
ological phenomena. However, activists fighting against 

this type of activity are still present, always emphasizing 
animal welfare and preventing cases of cruelty from 
against them.5,6

The principle of the 3Rs (Replace, Reduce, Refine) 
represents great progress in favor of the animals.30 In spite 
of that, it is necessary to think in an integrative manner, 
since reducing the number of animals would be pointless 
if the tests being carried out are of little significance, there-
by invalidating the experiment as a whole. Similarly, there 
would be no use in reducing the number of animals with-
out considering their suffering. This theory seeks full 
replacement of animal experimentation with alternative 
models. Nevertheless, it is still hard to imagine certain 
scientific research projects that involve more complex 
systems without using this resource.2,3 

Before beginning any experiment, the researcher should 
be familiar with the particularities of the species, as well as 
thoroughly plan the research project in order to avoid 
unnecessary use of living animals. It is also the researcher’s 
responsibility to provide the animals with adequate hous-
ing conditions so as to ensure their welfare and avoid any 
kind of pain, suffering and stress. Environmental enrich-
ment is a way towards achieving this goal. Stress, in addition 
to affecting the behavior and physiology of the species, 
ends up interfering with the reliability of the research.6,8,12,13  

The experiments must be performed in an ethical 
manner and be justified, in such a way so as to avoid caus-
ing pain, suffering and stress to the animals during the 
research.13 Whenever possible, alternative methods to 
using living animals should be chosen, such as in vitro 
testing, cadaveric studies, and computer simulations.2 

Conclusion
The use of animals, both in teaching and research, still 
raises many controversies. Still, it cannot be denied that 
various substances that are essential to human health, 
such as medicines and vaccines, have been and will con-
tinue to be developed thanks to these experiments.

One must take into consideration the cost-benefit 
ratio of this type of scientific study, since animals are 
sentient beings and should not be used unnecessarily. 
Investigators are accountable for watching over the welfare 
of these laboratory animals, avoiding any kind of pain 
and suffering. Additionally, alternative methods should 
be used whenever possible.

Whenever necessary, either following the termination 
of experiments or during any of their stages, painless 
euthanasia of the animals is recommended, with a rapid 
loss of consciousness and followed by cardiorespiratory 
arrest and damage to the brain function. 
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