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ABSTRACT

In the last century, progress in the knowledge of human diseases, their diagnosis and treatment have grown exponentially, 
due in large part to the introduction and use of laboratory animals. Along with this important progress, the need to provide 
training and guidance to the scientific community in all aspects related to the proper use of experimental animals has been 
indispensable. Animal research committees play a primary role in evaluating experimental research protocols, from their fea-
sibility to the rational use of animals, but above all in seeking animal welfare. The Institutional Committee for the Care and 
Use of Animals (IACUC) has endeavored to share several relevant aspects in conducting research with laboratory animals. 
Here, we present and discuss the topics that we consider of utmost importance to take in the account during the design of 
any experimental research protocol, so we invite researchers, technicians, and undergraduate and graduate students to dive 
into the fascinating subject of proper animal care and use for experimentation. The main intention of these contributions is 
to sensitize users of laboratory animals for the proper and rational use of them in experimental research, as well as to dis-
seminate the permitted and unpermitted procedures in laboratory animals. In the first part, the significance of experimental 
research, the main functions of IACUC, and the principle of the three R’s (replacement, reduction, and refinement) are addressed. 
(REV INVEST CLIN. 2021;73(4):199-209)

Key words: Institutional Animal Care and Use Committee. Reduction. Refinement. Replacement.

*Corresponding author:
Norma A. Bobadilla
E-mail: norma.bobadillas@incmnsz.mx/ 
	 nab@biomedicas.unam.mx

0034-8376 / © 2020 Revista de Investigación Clínica. Published by Permanyer. This is an open access article under the 
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

IN-DEPTH REVIEWRev Invest Clin. 2021;73(4):199-209

SIGNIFICANCE OF ANIMAL RESEARCH

Biological processes are complex, interactive, and 
subjected to continuous influence by environmental 
factors. To understand the fundamental processes 
that maintain and integrate all the cells in the body, 

as well as the pathologies that emerge when homeo-
stasis is altered, it is necessary to develop and study 
controlled and reproducible situations. Once that is 
done, it is possible to perform experimental interven-
tions and observe how the system responds. While 
much can be studied in vitro, the integrated nature of 
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the mammalian organism requires specific studies to 
be conducted in living animals. Most of the experi-
mental animal research is directed to improve health, 
life span, and quality of life of humans1. In addition, 
information from many studies designed to address 
human health also improves the quality of life of com-
panion and agricultural animal species. Experimental 
animal studies in veterinary medicine represent about 
5% of the total number of animals involved in ex-
perimental research2.

Animals play multiple roles in daily human life, provid-
ing food, clothing, work, transportation, and human 
company (pets), in addition to their use in biomedical 
research. It is important to note that the number of 
animals studied in experimental settings represents 
<0.003%, which is 3 in every 100,000 compared to 
the number of animals consumed for food3. Never-
theless, the ethics of animal experimentation repre-
sents a topic that rightly generates controversy and 
discussion.

The research framework that has evolved over the 
last two decades has resulted in the presence of 
strong institutional oversight to ensure high ethical 
standards for all animal research4. Examples of poor 
conduct may still exist, but they are few, and we are 
working to avoid them. The majority of researchers 
conduct valuable animal experimental work in an 
ethical fashion that includes all precautions and Insti-
tutional and governmental oversight to maintain high 
standards to guarantee animal welfare. As a result, 
valuable information has emerged that enables the 
biomedical profession to prevent, mitigate, and even 
eradicate many human and animal diseases, in addi-
tion, to understand basic processes in physiology. 
These advances include vaccines and powerful medi-
cations for conditions such as: diabetes, obesity, can-
cer, hypertension, chronic kidney injury, brain, cardio-
vascular, and pulmonary diseases, among others, 
which affect both animals and humans. The physio-
logical or pathophysiological processes that lack ani-
mal models for study are the less comprehended of 
all. For instance, the physiological or molecular pro-
cesses involved in loving or missing somebody are 
completely unknown.

The extent to which research is carried out in differ-
ent animal species depends on the similarities and 
differences with humans as well as the availability of 

resources and facilities. There are many reasons why 
animal studies are essential to medical progress. All 
mammals descend from common ancestors and all 
species have a similar set of organs that function in 
essentially the same way5. Animals and humans are 
biologically similar; therefore, they are susceptible to 
similar pathologies. Importantly, the World Medical 
Association Declaration of Helsinki states that all hu-
man clinical trials must be preceded by animal test-
ing6, recognizing that animal models, including non-
human primates, are important for understanding, 
diagnosing, and developing treatments for safe and 
effective use in human diseases7.

Animals are biologically appropriate research subjects 
because their physiology is generally similar to human 
beings. In particular, rodents (with some exceptions 
such as guinea pigs) are altricial and polytocous spe-
cies bearing large litters and born after a relatively 
short period of gestation in an immature state (blind, 
deaf, unable to regulate body temperature, and with 
limited motor coordination), requiring considerable 
maternal care in the immediate postnatal period to 
regulate basic neonatal functions8. Thus, choice of 
animal species to study depends on the biomedical 
question being asked. A variety of species can usu-
ally provide valuable data since comparative physiol-
ogy gives the opportunity to observe similarities and 
differences among the systems.

From the practical point of view, many experimental 
species studied, such as rodents, often make better 
research subjects than human beings due to their 
shorter life cycles, easy handling accessible animal 
housing, etc5. Under laboratory conditions, rodents 
have a lifespan of 2-3 years, so researchers can con-
duct studies throughout their live cycle or even for 
several generations. This consideration is especially 
important when studying aging and transgeneration-
al disease transmission. Animal studies are consider-
ably more controllable than human clinical studies. In 
addition, rodent and other animal studies often pro-
vide a greater depth of mechanistic understanding 
due to the ability to conduct biopsies and fresh tissue 
retrieval for in vitro analysis, for example, molecular 
biology and histology9. Due to their shorter lifespan, 
life-course results are obtained much more quickly in 
animal models, which is especially important when 
studying aging and transgenerational disease trans-
mission.
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The reproducibility and independent confirmation, 
which are requirements of scientific certainty, are gen-
erally easier to achieve in animal studies. Clinical trials 
are carefully designed to improve human health: how-
ever, in addition to the length of time required to obtain 
enough data, clinical trials have to deal with multiple 
confounders related to the subject’s socioeconomic and 
health status, which not only complicate the analysis 
and interpretation but may also limit the usefulness of 
findings to determine the mechanisms involved. Human 
epidemiology can provide clues regarding disease as-
sociations but do not in themselves provide evidence of 
causation. All of these limitations in human epidemiol-
ogy and clinical investigation make it essential that ini-
tial research be carried out by the use of experimental 
models of human diseases, aided by in vitro systems, 
such as cell cultures and by computational analysis as 
long as they are accessible10.

Living systems like human beings are extremely com-
plex and while non-animal methods play an important 
role in biomedical research, they cannot be replaced 
by animal studies. In this sense, most powerful com-
puters do not effectively substitute experimental 
models, even when scientists depend on computers 
to process data collected from in silico simulations11.

There are many medical examples of benefits from 
animal research because without the information ob-
tained many options of treatment would not be avail-
able. Perhaps one of the best examples comes from 
the development of an effective oral vaccine to com-
bat polio by Albert Sabin, who practically eradicated 
this disease after several experimentation rounds us-
ing approximately 9000 monkeys, 150 chimpanzees, 
and 133 human volunteers12. The contemporary ex-
ample would be the desperate search worldwide to 
produce a COVID-19 vaccine. In relation to this infec-
tion, the emerging evidence that the virus has poten-
tially lethal effects on the cardiovascular system, ma-
jor immune disturbances, as well as its adverse effects 
on the respiratory system shows very clearly the need 
for knowledge on the whole animal phenotype. These 
complex interactions between multiple body systems 
require carefully designed and controlled whole ani-
mal experimental studies.

The emphasis in modern medicine is now learning to-
ward health throughout life and is now clear that ad-
verse early events – even before birth – can greatly 

impair life-course health and shorten the lifespan. 
Therefore, the focus is moving toward maintaining a 
healthy span rather than expanding the life span5,13. 
A better knowledge of metabolic, cardiovascular, and 
neurological processes can also help improving health 
span in animals.

There is no doubt that studies performed with ex-
perimental animals have been gradually refined and 
improved, seeking better ways and methods, which 
allows reducing the number of animals to be used. 
Hence, the relevance of the joint work made by re-
searchers and by the Institutional Animal Care and 
Use Committee (IACUC) to avoid the unjustified and 
indiscriminate use of animals.

INSTITUTIONAL ANIMAL CARE AND USE 
COMMITTEE (IACUC) AT THE INSTITUTO 
NACIONAL DE CIENCIAS MÉDICAS  
Y NUTRICIÓN SALVADOR ZUBIRÁN 

The IACUC is composed by qualified staff scientist, 
most of them researchers at Instituto Nacional de 
Ciencias Médicas y Nutrición Salvador Zubirán (INC-
MNSZ) that are responsible of evaluating the feasibil-
ity and relevance of experimental research protocols, 
the rational use of animals, promoting animal welfare, 
supervising and endorsing animal procedures, as well 
as, reviewing the facilities where the animals are 
housed. All these in accordance with the NORMA Ofi-
cial Mexicana NOM-062-ZOO-1999 (Especificacio-
nes técnicas para la producción, cuidado y uso de los 
animales de laboratorio) of the Mexican government 
and the International Guide for the care and use of 
laboratory animals4. At least one member of the IA-
CUC must be a veterinarian who will advise the re-
searcher with the necessary care for animals used in 
research studies, and at least another must be a 
member not affiliated with the institution in any way 
other than performing IACUC duties.

THE MAIN FUNCTIONS OF THE 
INSTITUTIONAL ANIMAL CARE AND USE 
COMMITTEE AT INSTITUTO NACIONAL 
DE CIENCIAS MÉDICAS Y NUTRICIÓN 
SALVADOR ZUBIRÁN (FIG. 1)

	– Meeting every month and hold additional meetings  
when required
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	– Review and approve the proposed experimental 
protocols that involve the use of animals, as well as 
authorize any significant change in the proposals 
approved by IACUC that may arise during the de-
velopment of the protocol

	– Monitor that all the protocols submitted fulfill with 
the principle of the 3R's: reduction, refinement, and 
replacement.

	– When the studies are not completed in the time 
stipulated by the researcher, IACUC will review if an 
extension is appropriate

	– Attend to researcher’s concerns related to their 
protocol and procedures

	– Reject protocols or interrupt active protocols when 
the experimental procedures are not carried out in 

accordance with the official Mexican STANDARD 
NOM-062-ZOO-1999 and the guide for the care 
and use of laboratory animals4

	– Monitor the institutional program for the care and 
use of animals and respond to the concerns or com-
plaints received

	– Make recommendations to the Head of the Housing 
Facility at INCMNSZ regarding any aspect of the 
animal care and use program, equipment and instal-
lations, or about the training of personnel

	– Resolve unexpected situations not considered in the 
Official Mexican STANDARD NOM-062-ZOO-1999, 
technical specifications for the production, care, 
and use of laboratory animals and the guide for the 
care and use of laboratory animals4

Figure 1. The Institutional Animal Care and Use Committee (IACUC) in our Institute are composed by qualified staff scientist, 
who are responsible of evaluating the feasibility and relevance of experimental research protocols as well as the rational use of 
animals, promoting animal welfare, supervising and endorsing animal procedures, and reviewing the facilities where the animals 
are housed.
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	– Report to the Director of Research of any anomaly 
that arises with the reproduction or maintenance of 
animals, as well as any inappropriate conduct by 
users of the animal housing facility

	– Verify the norms and guidelines established for the 
care and use of laboratory animals in accordance 
with the institutional requirements

	– Inspect all areas of the animal housing facilities ev-
ery 6 months.

	– Keep the records of:

1.	Minutes of IACUC meetings

2.	Physical and digital files containing all the ex-
perimental protocols submitted for authorization 
by the IACUC and all the information related to 
each of them such as: acceptance letters, proto-
col modifications, extensions, protocol closures, 
and derived products from research.

3.	Other communications or recommendations sent 
to the Research Director of the INCMNSZ.

THE PRINCIPLE OF THE THREE R’S: 
REPLACEMENT, REDUCTION,  
AND REFINEMENT

For a long time, there has been a general concern in 
the overall population as well as in the scientific com-
munity for the animal suffering experienced during 
research. Indeed, animals are living creatures that 
deserve respect and be treated with the highest eth-
ical standards. This is what led William Russell and 
Rex Burch to publish a guide to maximally reduce 
animal pain in 195914. Since then, the concept of 
“applying humanitarian techniques in animal research” 
has been identified as the principles of the three R’s: 
Replacement, Reduction, and Refinement. Nowadays 
and throughout the world, the 3R’s are embedded in 
legislation ruling the use of animals for scientific pur-
poses, such as Directive 2010/63/EU, which is the 
European Union legislation that protects animals 
used in research. In all these cases, the 3R’s concept 
has become increasingly important, deriving in a 
plethora of scientific publications, networks, and or-
ganizations devoted to cover alternatives to animal 

experimentation15-19. Importantly, animal experiments 
that are unnecessary, use an excessively large number, 
are unreasonably painful or involve severe long-lasting 
pain which cannot be ameliorated, are defenseless, 
and should not be permitted by institutions20. There-
fore, Animal Ethics Committees share responsibility 
for properly advise researchers aiming to work with 
animals, to adhere to the 3R’s principles and improve 
the quality of the submitted protocols for better ani-
mal welfare, or if necessary, to reject these protocols 
in the case of insufficient justification to perform ani-
mal experimentation.

Replacement

Directive 2010/63/EU contains the following major 
clause: “An experiment shall not be performed if an-
other scientifically satisfactory method of obtaining 
the result sought, not entailing the use of an animal, is 
reasonably and practicably available.” Indeed, Russell 
and Burch first described animal replacement as any 
scientific method employing non-sentient material to 
replace the use of conscious living vertebrates in animal 
experimentation14. To date, Directive 2010/63/EU 
protects all live non-human vertebrates, including inde-
pendently feeding larval forms and fetal forms of 
mammals from the last third of their normal develop-
ment, as well as the invertebrate cephalopods such as 
octopus and squids (due to their well-developed ner-
vous system and complex sensory organs). Replace-
ment may be relative or absolute14. The first case con-
siders the use of animals, but they should not be 
exposed to pain or distress during experimentation. 
Moreover, absolute replacement means that animals 
are not required at all at any stage of experimenta-
tion20. There is a wide range of well-established and 
emerging methodologies as alternatives for the abso-
lute replacement of animals. Herein, we mention some 
of them that may be taken into consideration before 
choosing animal testing (Fig. 2).

Cells/tissue cultures and biomaterials

Culturing cells and tissues are maybe the easiest and 
lower cost option to exclude animal use in research. 
It involves the growth of cells/tissue outside the body 
under controlled conditions. A great advantage of cell 
and tissue cultures is that they are commercially 
available and a large number of different cell types 
from diverse organs from different species may be 
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used, including pluripotent stem cells. Furthermore, 
commercially available engineered tissues may be 
found21. Cell cultures are routinely used for screen-
ing potential drugs or molecules to check their tox-
icity, efficacy, and bioactivity, as well as to study 
cell-cell interaction. Popular cellular and physiologi-
cal processes studied in vitro include organogenesis, 
migration, cell proliferation, transdifferentiation, and 
regulation of signaling pathways, among others. An-
other recent approach for absolute replacement of 
animals is the use of biomaterials. Biomaterials are 
substances engineered to take a form which, alone 
or as part of a complex system, may be used in dif-
ferent applications, including research and the 

clinical practice. The fabrication of various tissues 
has been demonstrated through 3D bioprinting22,23. 
The 3D bioprinting systems use tissue-specific de-
cellularized components of the extracellular matrix 
as bioinks to generate physiologically-relevant func-
tional human tissues. This technique allows for the 
controlled assembly of cells and biomaterials to pro-
vide well-defined microstructures with specific bio-
mechanical properties that recapitulate key features 
of native microenvironments, allowing intercommu-
nications with the surrounding matrix to form a 
tissue-specific function that has proven to serve as 
powerful tools to study tissue homeostasis and even 
pathologies24.

Figure 2. Schematic representation of the principle of the three R’s: Replacement: in experimental research, look for well-estab-
lished and emerging methodologies as alternatives for replacement of animals. Reduction: when replacement of animals is not 
possible, a decrease in the number of animals used in experimental protocols should be considered. Refinement: is a strategy 
to decrease in the incidence and/or severity of inhumane procedures applied to animals while participating in experimental 
protocols to minimize the pain and distress and to enhance welfare.
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Organoids culture

Organoids are stem cell-derived three-dimensional, 
self-organizing microsystems that display an intact 
organ-like three-dimensional architecture and physi-
ology with tissue-level functions and diverse disease 
phenotypes. They are actually considered as minia-
ture organs grown in vitro, providing a wide range of 
possibilities for researchers25. Some of the advan-
tages of organoids include that they are transplant-
able, improved versions of 2D models, and easy to 
manipulate. Organoids offer vast potential for inves-
tigating human development in health and disease, 
including advancing in precision and regenerative 
medicine. There is no doubt that organoids research 
is a promising field that will be of central importance 
in the decades to come, even though some disadvan-
tages comprise difficulty to replicate and to integrate 
with other organ systems.

Computational models

Nowadays, computer associated technologies repre-
sent an easy and profitable strategy for alternatives 
to animal testing. For example, computer generated 
simulations and in silico modeling may be used to 
predict drug and molecular interactions, biological or 
toxic effects, and as well as bioactivity or pharmaco-
logical interactions. Moreover, potential alternative 
applications for currently approved drugs within a per-
sonalized medicine approach may also be accurately 
predicted26,27. There are many popular publicly and 
commercially available software packages that are 
useful as alternatives to animal testing based on 
mathematical tools (e.g., computer-aided drug de-
sign, structure-activity relationship [SARs], and quan-
titative SAR)28. Of note, sharing the discovered data 
(like characteristics of excipients for a drug) and pro-
viding the whole databases greatly help to avoid the 
necessity of animal studies. In this regard, computa-
tional biology provides a powerful foundation to ad-
dress critical scientific questions through modeling 
and theoretical exploration. Computational systems 
biology is a branch of this discipline that strives to 
generate a system-level understanding by analyzing 
available biological data using computational tech-
niques29. Computational modeling of biological sys-
tems is crucial to integrate and understand the con-
tinuously generated scientific data, being the Systems 

Biology Markup Language (SBML), the most widely 
accepted open software platform for storing and ex-
changing models30. The SBML.org website includes a 
guide to many important software packages used in 
computational systems biology29. Furthermore, cou-
pling in vitro/in silico data represent a powerful plat-
form allowing accurate and mechanistic-level predic-
tion of drug-induced effects. This is particularly 
important to study the liver, given that human liver 
metabolism differs from that of animals, and hepato-
toxicity is always a risk when testing new drugs in the 
clinic. A good example of a computational-based 
model to address this issue would be VirtualLiver31, 
an in silico tool for predicting human liver drug toxic-
ity, which couples equations describing the kinetics of 
biochemical pathways involved in liver homeostasis 
with those obtained from in vitro measurements 
quantifying various drug-induced perturbations. This 
informatics tool considers hepatotoxicity as the out-
come of the interplay between different factors, in-
cluding the patient genotype, the drugs currently 
prescribed, and underlying diseases28,29.

Use of simpler organisms  
as substitutes for animals

This is a rather logical alternative to animal testing 
and includes the use of prokaryotes, protists, fungi, 
and lower invertebrates. Unicellular microorganisms 
such as Escherichia coli and Saccharomyces cerevisiae 
are good examples of versatile and successful models 
for research: they have well-characterized genetic 
systems; they are inexpensive and rapidly growing. 
These and other microbes, including single-celled eu-
karyotes (protists) such as Dictyostelium discoideum 
have been used to understand fundamental aspects 
of biology, offering insights at the transcriptomic and 
proteomic level of cellular processes and functions. In 
particular, the amoeba D. discoideum has been used 
as a powerful genetic and cellular model for investi-
gating host-pathogen interactions and microbial in-
fections, mitochondrial diseases, and pharmacoge-
netic issues32. Regarding lower vertebrates, Danio 
rerio (zebrafish), due to its transparent characteristic, 
has been used in a wide array of internal anatomy 
studies. Its small size, short life cycle, and high fecun-
dity also favor its laboratory use as a model for dif-
ferent biological processes, including the analysis of 
vertebrate development33. Examples of important 
invertebrates in research include: Amphimedon 
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queenslandica (sea sponge), Aplysia sp. (sea slug), 
Caenorhabditis elegans (free-living, transparent nem-
atode), Hydra sp. (marine Cnidaria), and Drosophila 
melanogaster (fruit fly), which have greatly contrib-
uted to breakthroughs in the scientific field involving 
genetics, neurology, evolution, developmental, regen-
erative biology, and even complex diseases as diabe-
tes or cancer27,34.

Organs-on-chips

Organ chips are microfluidic cell culture devices con-
taining microchannels that may be populated by living 
cells of diverse lineage and origin, allowing them to 
interact by sharing their respective secretomes and 
multicellular architectural characteristics, which ulti-
mately conform a viable cellular network. This bio-
system-on-a-chip recapitulates in vivo organ-level 
physiology and pathophysiology by recreating tissue-
level and organ-level structures and functions in vitro. 
The chips can be used instead of animals in disease/
physiology research, drug, and toxicity testing35-37.

Reduction

When the replacement of animals is not possible, 
reduction should be considered. Reduction means a 
decrease in the number of animals used in experi-
mental protocols. Directive 2010/63/EU suggests 
that to reduce the number of animals, researchers 
should facilitate the establishment of programs for 
sharing the organs and tissues of the animals that are 
killed. This is a respectful way to make the most of 
the sacrificed animals, instead of just throwing away 
the unemployed tissues. Importantly, the welfare of 
animals used in scientific protocols highly depends on 
the staff’s competence. Indeed, only adequately 
trained and competent individuals should manipulate 
laboratory animals, since unskilled persons may in-
crease the risk of failed techniques or unwanted ani-
mal death, with the consequent increase in the num-
ber of animals required to obtain the desired result. 
By instance, surgeries to alter physiology (e.g., go-
nadectomy), transplantations, or simple routine 
methodologies such as retrieving a blood sample or 
administrating a drug (e.g., by cannula or intraperito-
neally), may derive in the animal damage or death if 
performed without the proper expertise. Other strat-
egies to reduce the number of animals include con-
ducting pilot experiments (e.g., to determine the 

magnitude and variation of the effects of an experi-
mental condition) and accurately designing the ex-
perimental protocol (e.g., in regards of sample size 
calculation and number of experimental groups need-
ed). This is applicable if, by instance, the experimental 
protocol lacked an important control group, which is 
realized too late by the researcher, resulting in the 
need to repeat the whole experiment with more ani-
mals. The development of new clinical treatments is 
usually validated with preclinical animal testing, being 
the variability in the host response a common limita-
tion. This is particularly true in studies of sepsis, which 
remains a prominent clinical problem. In the animal 
models, septic insults often generate a considerable 
variance across individuals, compelling to increase the 
sample size to ensure appropriate statistical power. 
This is why another way to reduce the number of 
animals in research is to decrease experimental vari-
ability, which may be achieved by conducting rigorous 
and modern protocols and techniques. In this regard, 
biotelemetry has proven to significantly reduce the 
number of mice needed to conduct sepsis experi-
ments by quantifying host physiology in real-time38 
(Fig. 2).

Refinement

When every effort has been made to reduce the num-
ber of animals for experimentation and replacement 
is not an alternative, refinement starts. Refinement 
refers to the decrease in the incidence and/or sever-
ity of inhumane procedures applied to animals while 
participating in experimental protocols to minimize 
the pain and distress and to enhance welfare. Russell 
and Burch defined refinement as: “simply to reduce to 
an absolute minimum the amount of distress imposed 
on those animals that are still used”14. Refinement 
also encompasses the responsibility of researchers to 
accurately design experimental protocols involving 
animals, given that an awkward design may result in 
wrong answers, waste of resources, and unnecessary 
suffering. There are a number of available guidelines 
that may help researchers to correctly plan their ex-
perimental protocols with animals, by instance: “PRE-
PARE” which includes an easy “to do” checklist before 
starting working with animals39 (Fig. 2).

As Russell and Burch mentioned, almost any research 
question can be answered by a number of different 
procedures, and a skilled researcher will always choose 
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“the most rapid, elegant, and simple one.” Russell and 
Burch used as an example the study of a drug that is 
intended to reduce fear: instead of inducing fear by 
inflicting a terrifying experience to the pigeon (the 
animal chosen for the study), the bird could be trained 
to avoid visiting a platform by a very mild distressing 
experience of having found inaccessible food there. 
Then, the researcher may administer the drug and see 
whether the pigeon now spontaneously and without 
distress visited the forbidden platform, this strategy 
proved the effectiveness of the drug and avoided un-
necessary suffering to the animal14. To compel re-
searchers into refinement techniques, Russell and 
Burch used the argument made by Isaac Asimov: 
“Violence is the last refuge of the incompetent.”

There are many strategies to minimize pain and dis-
tress in laboratory animals without compromising 
the scientific objectives. Herein, we mention some of 
them: 

Refinement of housing, handling 
conditions, and environmental 
enrichment (EE)

Laboratory Animals welfare can be greatly improved 
by avoiding stress, with the advantage of obtaining 
more accurate results. Indeed, adequate handling con-
ditions and housing, as well as EE, have a profound 
positive effect on research since animal distress can 
result in misleading results. The importance of EE is 
well exemplified by a study of Cao et al. performed in 
a murine model of melanoma and colon cancer. This 
study housed a group of animals in large cages sup-
plemented with running wheels, tunnels, igloos, huts, 
retreats, wood toys, labyrinths, and nesting material 
in addition to food and water, while the control group 
was kept in standard cages with only food and water. 
Results showed that even short-term exposure to EE 
improved resistance to cancer in mice and remarkably, 
serum from animals held under EE was able to inhibit 
cancer proliferation in vitro40. Systemic metabolic 
changes associated with EE included decreased serum 
insulin-like growth factor-1 and leptin levels.

Furthermore, refinement of housing conditions to 
lower distress is primordial after an experimental 
procedure or a surgery. For example, providing a 
quiet, warm place without intense illumination. A 
heating pad or lamp may be used to maintain body 

temperature and eye drops or ophthalmic ointment 
should be used to prevent desiccation or discomfort 
due to dry eyes when under anesthesia.

On the other hand, environmental factors in the ani-
mal facility (e.g., noises from air-conditioners and 
other electronic devices) challenge the biological bal-
ance of animals and may interfere with the animal’s 
homeostasis and normal behavior. If the animal is 
unable to maintain its homeostasis, stress will de-
velop in the course of time41. In line with this, staff 
working with animals should avoid the use of per-
fume, intense fragrances, and emission of loud sounds 
since animals are very sensitive to these stimuli that 
easily stress them. Care should also be taken while 
cleaning cages and transporting animals to diminish 
possible distressful situations.

Blood sampling

Refining blood sampling in mice, hamsters, and rats 
may be performed by puncture of the lateral saphe-
nous vein, which is a less damaging alternative to 
retro-orbital or cardiac puncture. In addition, saphe-
nous vein puncture allows rapid sampling, which if 
necessary can be repeated from the same site with-
out the need for new puncture wounds.

Use of analgesics

Distress and pain may be alleviated/reduced by the 
use of painkillers. By instance, in the case of the im-
mediate postoperative phase, analgesics must be 
used to mitigate the pain associated with surgical 
procedures.

Avoid performing sacrifices  
and painful procedures in close  
presence of littermates

Some animals such as rats and mice emit ultrasound 
vocalizations as a communicating strategy under 
stressful circumstances such as aggressive handling, 
fear, and pain. These sounds are not perceived by 
humans, but they certainly are by rodents. If the cag-
es containing rats/mice are near the place where a 
sacrifice or a painful procedure is taking place, these 
animals may suffer distress due to the alarming sig-
nals emitted by the suffering animal. Moreover, the 
scent of blood is also a disturbing signal since it is 



208

REV INVEST CLIN. 2021;73(4):199-209

associated with injury, danger, and death. Therefore, 
care should be taken to avoid this situation to prevent 
unnecessary distress of littermates.

THE IACUC AND THE PRINCIPLE OF 3R’S

Nowadays, researchers are more aware of the proper 
and respectful use of animals and resources. The IA-
CUC helps to optimize the use of lab animals, ensur-
ing that the experiments are carried out properly and 
in a humanitarian manner. One of the functions of the 
IACUC is precisely to monitor that all the protocols 
submitted fulfill with the principle of the 3R’s. There-
fore, the IACUC reviews the experimental design and 
justification for the adequate and restricted use of 
animals according to the calculation of the sample 
size. In the event that animals are used in excess, the 
researcher is encouraged to reduce the number of 
animals by refining the protocol, which is not ap-
proved until IACUC’s observations are addressed. Fur-
thermore, the experimental procedures are reviewed 
in detail to keep pain and suffering as low as possible. 
Likewise, when the research question can be answered 
with alternative experimental models such as cell cul-
tures, computational analysis, or organoids, the IA-
CUC suggests the replacement of animals by these 
means. The IACUC not only performs functions at the 
beginning of each research protocol but also has the 
power to withdraw permission from a protocol that 
does not promise sufficient benefit to offset the pain 
and distress caused in experimental animals or that 
do not adhere to the principle of the 3R’s.

CONCLUSIONS

Experimental animals allow us to simulate significant 
diseases, which not only help to know and under-
stand the mechanisms that trigger a pathophysiolog-
ical process but also assist to evaluate physiological, 
physical, pharmacological, and biological treatments. 
Moreover, the evaluation of new treatments in ex-
perimental models helps to determine administra-
tion route, dose, immunotolerance, and toxicity. 
Along with this important progress, the need to pro-
vide training and guidance to the scientific commu-
nity in all aspects related to experimental animals 
has become increasingly necessary. Animal research 
committees play a primary role in the evaluation of 

experimental research projects, from their feasibility 
to the rational use of animals, but above all, by mon-
itoring animal welfare. It is increasingly important the 
awareness in the care of animals during research and 
the role of the veterinarian in this process, ensuring 
that it is possible to balance scientific objectives and 
animal welfare32,42. Although many laboratories apply 
the principle of the three 3R’s proposed by Russell and 
Burch14, the number of animals used in the investiga-
tion has increased and the rational use of them must 
be well regulated. Animal experimentation is still nec-
essary for certain teaching and research practices 
since there is still no sufficient technology to replace 
it altogether.
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