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Abstract : Pre-clinical research involving laboratory animals is a foundational component of biomedical and pharmaceutical
sciences. It provides essential information on pharmacodynamics, pharmacokinetics, toxicity, and efficacy of new chemical
entities before their progression to human clinical trials. Despite advances in alternative methods, animal models remain
indispensable for understanding complex biological interactions at the whole-organism level. This review comprehensively
discusses the principles of preclinical animal research, ethical considerations with special emphasis on the 3Rs (Replacement,
Reduction, and Refinement), regulatory frameworks with focus on CPCSEA and IAEC guidelines in India, classification and
selection of laboratory animals, housing and welfare requirements, experimental design, common techniques, alternatives to
animal use, limitations, translational challenges, and future perspectives

The question of how animal studies should be designed, conducted, and analyzed remains underexposed in societal debates on
animal experimentation. This is not only a scientific but also a moral question. After all, if animal experiments are not
appropriately designed, conducted, and analyzed, the results produced are unlikely to be reliable and the animals have in effect
been wasted. In this article, we focus on one particular method to address this moral question, namely systematic reviews of
previously performed animal experiments. We discuss how the design, conduct, and analysis of future (animal and human)
experiments may be optimized through such systematic reviews. In particular, we illustrate how these reviews can help improve
the methodological quality of animal experiments, make the choice of an animal model and the translation of animal data to the
clinic more evidence-based, and implement the 3Rs. Moreover, we discuss which measures are being taken and which need to be
taken in the future to ensure that systematic reviews will actually contribute to optimizing experimental design and thereby to
meeting a necessary condition for making the use of animals in these experiments justified.
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l. INTRODUCTION

Preclinical research forms the bridge between basic laboratory discoveries and clinical application in humans. Animal
experimentation has historically contributed to major medical breakthroughs, including vaccines, antibiotics, anesthetics, and
treatments for chronic diseases. Prior to human exposure, it is ethically and scientifically necessary to evaluate the safety and
efficacy of investigational products in suitable animal models. Regulatory authorities worldwide mandate animal data for risk
assessment. However, increasing ethical awareness has led to stricter oversight, improved welfare standards, and the promotion of
alternative approaches. This review highlights the balanced approach required to conduct scientifically valid and ethically
responsible animal research.

The use of laboratory animals in (biomedical) research keeps provoking moral debates in society, which tend to revolve around
two fundamental questions: (1) Are animal experiments morally acceptable? Andfor which experiments are the expected benefits
to humans (or to other animals or the environment) sufficient to outweigh the suffering of the laboratory animals? A third, and
often absent, moral question is: How should the experiments that are justified be designed, conducted, and analyzed? Initially, this
question appears to be scientific rather than moral, but if animal experiments are not appropriately designed, conducted, and
analyzed, the results produced are likely to be unreliable. If the results of the experiments cannot be trusted, the animals used have
in effect been wasted (loannidis et al. 2014). Such use and suffering of animals not counterbalanced by benefit in terms of science
and /or human health is morally unjustifiable.

The drug development process is typically divided into three major steps: discovery, preclinical development and clinical trials.
The transition from discovery to preclinical development is continuous, and the results of preliminary pharmacological and
toxicological studies often contribute to the selection of leading drug candidates. The boundary between preclinical development
and clinical trials is clearly defined by the submission of an Investigational New Drug application required prior to initiation of
clinical trials . The subject of this overview is activities to support IND filings. The adage “start with a purpose in mind” is
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especially apt for preclinical development. The resulting IND should support the planned clinical trial design. For example,
clinical trials with long-term daily dosing require repeat-dose toxicity studies in preclinical animal models. Once a lead candidate
is identified, a typical preclinical development program consists of six major initiatives preformulation and formulation analytical
and bioanalytical method development and validation; metabolism and pharmacokinetics; toxicology, both safety and
genotoxicology, and possibly safety pharmacology and good manufacturing practice (GMP) manufacturing and documentation of
drugs for use in clinical trials. These activities are rarely discrete and continuous. Rather, they are interrelated and often run in
parallel, with the results of each activity informing other steps as the optimization of drug candidate characterization progresses
Only preclinical studies can last for 1 — 5yrs. In addition to the cost implication and rigors of the development process, the
efficiency or success rate is a great challenge. Only five in five thousand or 10% of the drugs that begin pre-clinical testing ever
make it to human testing

2. Historical Background of Animal Research

The use of animals in scientific research dates back to ancient civilizations. Early Greek physicians such as Aristotle and Galen
conducted animal dissections to understand anatomy and physiology. During the 19th and 20th centuries, animal experimentation
became central to experimental medicine, leading to discoveries such as insulin, penicillin, and vaccines. Over time, ethical
concerns prompted the development of formal regulations and humane practices. The publication of Russell and Burch’s
principles of humane experimental technique in 195me'1ﬂ_<gj a turning point, introducing the concept of the 3Rs that continues to
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Figure 1. History of Animal Research

a) Ancient Period

Animal research can be traced back to ancient civilizations. Greek physicians such as Alcmaeon of Croton (5th century BC) were
among the first to perform dissections on animals to study anatomy. Aristotle (384-322 BC) conducted extensive observations on
animals and is often regarded as the father of zoology. He used animals to understand comparative anatomy and physiology.

Galen (129-216 AD), a Roman physician, performed experiments on pigs and monkeys to study organ functions, nerves, and
blood flow. His work dominated medical knowledge for more than a millennium and laid the foundation for experimental
physiolog

b) Middle Ages

During the Middle Ages, animal experimentation declined due to religious and cultural constraints. However, some scholars in
the Islamic Golden Age, such as Ibn al-Nafis, made significant contributions by studying animal anatomy and circulation,
indirectly supporting experimental approaches.

¢) Renaissance Period

The Renaissance marked a revival of scientific inquiry. Andreas Vesalius (1514-1564) challenged Galenic anatomy through
systematic dissections, primarily on animals and human cadavers. William Harvey (1578-1657) used animal experiments to
demonstrate the circulation of blood, a landmark discovery in physiology.
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d) 18th and 19th Centuries

This period saw the establishment of experimental biology and pharmacology. Scientists like Claude Bernard (1813-1878)
emphasized controlled animal experimentation to understand physiological processes and drug actions. Bernard is considered the
father of experimental medicine.

Animal models became essential for studying infectious diseases, with Louis Pasteur and Robert Koch using animals to establish
germ theory and develop vaccines.

e) 20th Century

The 20th century witnessed rapid growth in biomedical research using animals. Major breakthroughs such as:

Development of insulin (dogs)

Polio vaccine (monkeys)

Antibiotics and anesthetics

Organ transplantation technique

were achieved through animal experimentation.

During this time, ethical concerns also emerged, leading to the formulation of animal welfare laws and guidelines. The concept of
the 3Rs (Replacement, Reduction, Refinement) was introduced by Russell and Burch (1959) to promote humane animal research.

f)  Modern Era

Today, animal research remains vital for preclinical studies, drug development, toxicology, and disease modeling. Advances in
genetics have led to the development of transgenic and knockout animals, enhancing the precision of research.

Simultaneously, strict ethical regulations, institutional oversight committees, and alternative methods such as in vitro studies,
computer simulations, and organ-on-chip technologies are increasingly used to minimize animal use.

3. Ethical Principles in Preclinical Research (3Rs)

The ethical use of laboratory animals is governed by the principles of Replacement, Reduction, and Refinement. Replacement
encourages the use of non-animal methods wherever possible, such as cell cultures, computer simulations, and lower organisms.
Reduction focuses on minimizing the number of animals used by optimizing study design and statistical analysis. Refinement
aims to minimize pain, suffering, and distress through improved housing, handling, anesthesia, and analgesia. Together, these
principles ensure that animal use is justified, humane, and scientifically necessary.

The principles of the 3R in animal research

Research with animals
r P

Replace Reduce ; Refine

Figure 3. 3r Animal Research
Prospects and Challenges of Preclinical Animal Models In recent years, preclinical animal models have made significant
contributions to fields such as toxicology research, drug development, vaccine research, genetics, and neuroscience. With the
advancement of biomedical technology, the application range of animal models has expanded, offering new possibilities for
solving clinical problems. However, it is challenging for any animal model to fully replicate the highly intricate biological
systems within the human body. Despite extensive efforts invested by researchers in preclinical animal models, disparities in
physiology, pathology, and other aspects between animals and humans can result in the incomplete translation of research
findings. Moreover, the establishment of animal models entails long cycles and high costs, limiting their widespread application
and promotion. Ethical concerns surrounding animal experimentation also exist. Researchers should prioritize the welfare of
animals, minimize their stress and suffering, respect their lives, refrain from cruel treatment, and employ the least distressing
methods when handling them. This aligns with the internationally advocated 3R principle—Reduction, Replacement, and
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Refinement. The “3R principles,” initially proposed by Russell and Burch in 1959, encompass guidelines for conducting
laboratory animal experiments to safeguard the welfare of experimental animals and ensure the scientific integrity of data
obtained from these experiments. These principles emphasize the replacement and refinement of and reduction in experimental
animal usage. Further details are outlined below: Reduction: Minimize the usage of laboratory animals in experimentation while
maintaining data quality and accuracy. Strive to minimize their involvement unless necessary for explaining experiment outcomes.
Effective strategies include the judicious selection of subjects for experimentation; meticulous study design; and efficient
utilization and appropriate modes for experimentation. Replacement: Endeavor to avoid using live subjects whenever possible by
employing alternative methodologies with equivalent objectives such as lower organisms over higher ones; smaller species rather
than larger ones; histological studies replacing whole-animal tests; molecular biology techniques substituting traditional animal-
based approaches; Pharmaceuticals 2024, 17, 1048 22 of 30 synthetic materials supplanting live subject trials; and computational
modeling simulating physiological responses without live subjects. Refinement: Mitigate harm inflicted on research subjects
through humane treatment measures that encompass enhancing living conditions and care protocols for laboratory specimens; and
refining specimen selection criteria along with technical procedures and methodological optimization during experimentation
processes to minimize physical distress or suffering experienced by research subjects, thereby ensuring scientifically valid
outcomes. Experimental animal ethics encompasses the social moral standards and principles guiding the human treatment of
experimental animals and conduct of animal experiments. The “3R” principle serves as the cornerstone of experimental animal
ethics and a key criterion in the ethical review of animal experiments. Researchers are expected to cultivate an awareness of
animal welfare and ensure the protection of animals involved in experiments. Scientific evaluation should be employed to assess
the pain and distress experienced by animals, with timely consideration given to humane endpoints. When euthanasia is necessary,
it should be carried out in a manner that minimizes or eliminates panic and suffering, allowing for quiet and swift passing. In the
future, as the preclinical animal model system becomes more advanced, researchers can further enhance their technical
capabilities. For instance, they can focus on improving and optimizing animal models to better replicate human physiology and
disease states, thereby enhancing the accuracy and reliability of research. Additionally, they can explore ways to better uphold
and safeguard the rights and welfare of animals while advancing scientific research. Although there is still a long road ahead, we
have reason to believe that the emergence of interdisciplinary approaches and new technologies will inevitably lead to the
development of more advanced animal models, ultimately benefiting a large number of patient
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Figure 3. A schematic diagram illustrating the interaction between cancer treatment and preclinical animal models

4. Regulatory Framework and Guidelines

In India, animal experimentation is regulated by the Committee for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) under the Prevention of Cruelty to Animals Act, 1960. All institutions conducting animal research must
establish an Institutional Animal Ethics Committee (IAEC) to review and approve protocols. CPCSEA guidelines cover animal
procurement, housing, experimental procedures, anesthesia, euthanasia, and record keeping. Internationally, guidelines such as
OECD test guidelines, Good Laboratory Practice (GLP), and ARRIVE reporting standards complement national regulations.

5. Classification and Selection of Laboratory Animals

Selection of appropriate animal species is critical for the relevance of preclinical studies. Rodents such as mice and rats are most
commonly used due to their genetic similarity to humans, ease of handling, and cost-effectiveness. Rabbits are used in toxicity
and immunological studies, while guinea pigs are employed in hypersensitivity and auditory research. Zebrafish have gained
importance in developmental biology and drug screening. Non-human primates are used sparingly for studies requiring close
physiological similarity to humans. Factors such as strain, age, sex, and health status must be carefully considered.

The evolution of preclinical animal models boasts a rich and extensive historical tapestry. Beyond the ubiquitous mouse model, a
diverse array of animals, including cats and rabbits, have played pivotal roles in the early stages of animal experimentation. A
comprehensive illustration of the developmental timeline, showcasing the progression of various preclinical experimental animal
models across time (Figure 1), will be described in subsequent sections. In this section, we separate preclinical animal models
into distinct categories.
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Figure 2. A comprehensive illustration of the developmental timeline, showcasing the progression of various preclinical
experimental animal models over time

I. Classification of Laboratory Animals

Laboratory animals can be classified based on taxonomy, size, genetic status, and purpose of use.
1. Classification Based on Taxonomy

A. Rodents

These are the most commonly used laboratory animals due to their small size, ease of handling, short life cycle, and genetic
similarity to humans.

Mice (Mus musculus) — genetics, oncology, immunology

Rats (Rattus norvegicus) — pharmacology, toxicology, behavioral studies
Guinea pigs (Cavia porcellus) — immunology, allergy testing

Hamsters — virology, cancer research

B. Non-Rodents

Used when rodent models are unsuitable or insufficient.

Rabbits — ophthalmic studies, pyrogen testing

Dogs — cardiovascular and pharmacokinetic studies

Cats — neurological research (limited use)

Non-human primates — neuroscience, infectious diseases, vaccine research

2. Classification Based on Size

Small animals: Mice, rats, guinea pigs, hamsters
Large animals: Rabbits, dogs, pigs, monkeys

3. Classification Based on Genetic Status

A. Outbred Animals

Genetically diverse

More representative of natural populations

Example: Swiss albino mice
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B. Inbred Animals

Genetically identical within strains

High experimental reproducibility
Example: BALB/c, C57BL/6 mice

C. Genetically Modified Animals
Transgenic animals — carry foreign genes
Knockout animals — specific gene deletion

Used in disease modeling and gene function studies

4. Classification Based on Health Status

Conventional animals — normal microbial flora

Specific Pathogen Free (SPF) — free from specified pathogens
Germ-free animals — completely free from microorganisms

Gnotobiotic animals — known microbial flora

5. Classification Based on Purpose of Use
Research animals — basic and applied research
Testing animals — toxicity, safety, quality control

Teaching animals — educational demonstrations

6. Housing, Husbandry, and Animal Welfare

Proper housing and husbandry are essential components of animal welfare and experimental validity. Environmental parameters
such as temperature, humidity, lighting, and ventilation must be controlled. Animals should be provided with appropriate bedding,
nutrition, clean water, and environmental enrichment to promote natural behaviors. Regular veterinary care, health monitoring,
quarantine procedures, and trained personnel are mandatory to ensure animal well-being and reduce experimental variability.

7. Experimental Design and Statistical Considerations

Robust experimental design is necessary to obtain reliable and reproducible results. Randomization and blinding reduce bias,
while appropriate control groups enable meaningful comparisons. Sample size should be determined using statistical power
analysis to avoid underpowered or wasteful studies. Clear definition of endpoints, data management plans, and adherence to
reporting guidelines such as ARRIVE improve transparency and reproducibility of animal research.

8. Common Techniques and Endpoints in Animal Studies

Preclinical studies employ a wide range of techniques, including behavioral tests, surgical models, pharmacokinetic sampling,
imaging, histopathology, and molecular analyses. Endpoints may include survival, biochemical markers, functional outcomes, and
pathological changes. The selection of appropriate endpoints should align with study objectives and minimize animal distress.

9. Alternatives to Animal Experimentation

Advances in science have led to the development of alternative methods that can partially replace animal use. In vitro cell culture
systems, three-dimensional organoids, organs-on-chips, and computational models are increasingly used in drug discovery and
toxicity testing. While these methods cannot fully replicate complex systemic interactions, they significantly contribute to
Reduction and Replacement strategies.

10. Limitations and Translational Challenges

Despite their value, animal models have limitations due to species-specific differences in anatomy, physiology, and disease
progression. These differences can lead to poor translation of results to humans. Reproducibility issues and publication bias also
pose challenges. Using multiple complementary models and integrating human-relevant data can improve translational success.
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11. Future Perspectives
The future of preclinical research lies in integrating animal studies with advanced alternative methods, improved reporting

standards, and stronger ethical oversight. Continuous refinement of experimental techniques, increased transparency, and
investment in human-relevant models will enhance scientific quality and public trust.

12. Conclusion

Preclinical research on laboratory animals remains indispensable for biomedical advancement. Ethical principles, regulatory
compliance, and scientific rigor must guide all animal studies. By adopting best practices and embracing alternatives, researchers
can ensure responsible and effective use of laboratory animals.

Preclinical research using laboratory animals remains a cornerstone of biomedical and pharmaceutical development, providing
indispensable insights into drug safety, efficacy, pharmacokinetics, and mechanisms of action prior to human exposure. Despite
remarkable advances in alternative and in vitro methodologies, animal models continue to offer unique advantages in
understanding complex, integrated biological systems that cannot yet be fully replicated by non-animal approaches. This review
highlights the historical evolution of animal experimentation, the ethical foundations embodied in the 3Rs principles, and the
regulatory frameworks governing animal research, with particular emphasis on CPCSEA and IAEC guidelines in India. Proper
classification and rational selection of laboratory animals, along with standardized housing, husbandry, and welfare practices, are
critical for generating reliable and reproducible data. Furthermore, rigorous experimental design, appropriate statistical analysis,
and transparent reporting are essential not only for scientific validity but also for moral justification of animal use. Systematic
reviews of animal studies emerge as an important tool to optimize experimental planning, enhance translational relevance, and
minimize unnecessary animal use. While limitations related to species differences and translational challenges persist, integrating
animal data with advanced alternative models holds promise for improving predictability and efficiency in drug development.
Overall, ethically responsible, well-designed, and evidence-based preclinical animal research remains essential for advancing
human and veterinary medicine while ensuring humane and justified use of laboratory animals.
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