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Abstract 

Experimental animal models are mostly vertebrate animals used as living simulations to study human and 

animal diseases to learn host-pathogen interaction, underlying mechanisms of biological systems for its 

functioning, understand pathogenesis and finally find appropriate remedies for human and animal 

sufferings. These experimental animals in biomedical research is immense for helping in the creation of 

the world's first vaccine, which in turn helped in the eradication of smallpox. Thereafter number of 

studies with monkeys, dogs, and mice led to the development of polio vaccines and drugs used to combat 

cancer, HIV/AIDS, Alzheimer's, hepatitis, malaria, etc. would not have been possible without using these 

animals in research. The selection of an animal as a model for research is critical for the reliability of the 

outcomes and must have a high contract validity referring to the ability required to mimic the mechanism 

of the target species under investigation. In this context, Rat and mice are the most widely animal species 

used as animal models globally owing to their ease in handling, and housing, as well as their high 

homologous to humans. Furthermore, the right choice of an animal model to target species is very 

important to avoid tragedies in human populations. 
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Introduction  

Why animals are being used in biomedical research? 

Animals kept in captivity as per prescribed norms and guidelines for experimental purpose is 

commonly known as laboratory animals. However, in a normal sense laboratory animal 

species covers a wide range of animals from sea to wild habitat. In the beginning drug is to be 

studied first by examining in vitro using methods like ex vivo tissue and isolated organs, 

thereafter it must be studied in a suitable animal models system to meet out legal and ethical 

concerns before clinical trials in humans. Animal studies provide information on efficacy and 

safety in a more précised manner.  

Latest advances in genetic engineering have helped to create several transgenic and humanized 

mice models for the better construct validity of an animal model to replicate the disease as in 

the target species. Approximately 95% of all warm-blooded laboratory animals used for 

biomedical research are rodents. At present rodents are mainly used to perform basic research 

to understand the disease mechanism and evaluate the preclinical therapeutics of new drug 

molecules for proof of concept, which is later tested on large animal models. Most importantly 

among large animal models, Beagle dogs are used for regulatory studies and pharmacokinetics 

studies, Pigs, sheep, and goats have been used to perform various cardiovascular surgeries in 

medical device testing while NHPs are invaluable animal models for studying human brain 

function and neurological diseases owing great similarity to humans.  

 

History of experimental animal research 

Alcmaeon of Croton (6th-5th century BCE) greek medical writer, Aristotle, Diocles, Praxagoras 

(4th century BCE), Erasistratus, and Herophilus (4th-3rd century BCE) were well-known 

legendary figures. They conducted "vivisections" (Stricto sensu and lato sensu) (Maehle and  
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Tröhler, 1987) [1]. Galen (130–201 AD) conducted 

physiological studies on pigs, monkeys, and dogs. Their 

studies served as the foundation for medical procedures for 

decades. Following Galen, Vesalius began his empirical 

research with anatomical examinations. 

Rene' Descartes (1596-1650), a French philosopher, claimed 

that Animals are more like machines. The distinction between 

humans and animals is that humans have a mind, heavily 

criticized by many of his contemporaries. William Harvey 

(1578-1657), one of the founders of modern science, and in 

1628, “An Anatomical Exercise on the Motion of the Heart 

and Blood in Living Beings” was published, which is the 

most accurate description of heart anatomy and circulation of 

the blood system. Charles Darwin's (1809–1882) On the 

Origin of Species was published in 1859, and it provided a 

promising scientific foundation for advancing our knowledge 

about genetic relationship with the rest of the animal species 

in the animal kingdom 

Edward Jenner produced the smallpox vaccine using the 

cowpox virus in the late (1796) 18th century. Accordingly, 

cows were frequently employed as experimental animals in 

vaccine development until the illness was eradicated in the 

late 20th century. Fluid from cowpox pustules is extracted, 

purified, and injected into humans. Louis Pasteur (1822–

1895) and his German equivalent, Robert Koch (1843–1910), 

often used animal experimentation in their microbiology and 

pathology-associated studies. After that germ theory was 

reconsidered and microbes were known as the reason for 

disease, not miasma. Robert Koch theory of “Koch 

postulates” was a milestone development that was established 

through the use of animals. (McMullen, 1995) [2]. Behring and 

Ehrlich (1854–1915) in the field of microbiology contributed 

for the development of the first diphtheria antitoxin from 

horses. Shibasaburo Kitasato (1853–1931) also developed 

tetanus antitoxin with his coworker Behring (Arthur M 

Silverstein, 2001) [4] experimenting on horses. 

 Paul Ehrlich utilized thousands of mice to develop 

Salvasaran an arsenicals, the anti-syphilis medication (Bosch 

and Rosich, 2008) [5]. Since the turn of the century, 

biomedical research has contributed to human health, through 

animal research which played a key role in several significant 

breakthroughs by using animals in research and development 

of preventive and therapeutic candidates. Another indirect 

measure of the impact of biomedical advances on the 

twentieth century was the increase in life expectancy. Of the 

103 Nobel Prizes in Physiology or Medicine awarded since 

1901, work undertaken on vertebrate species (Other than 

humans) was rewarded on 83 occasions (Oeppen and Vaupel, 

2002; Henig, 2000) [6, 7]. Gregor Mendel began the early study 

on mice in the 1850s, but due to religious taboos, he turned to 

peas. Lucien Cuenot (1866), who came after him, proved that 

mammals have Mendelian genes and inheritance laws 

(Gordon and Ruddle, 1981) [8]. In the 1980s, John Gordon and 

Franck Ruddle developed the first transgenic mouse, and in 

1988, Capecchi, Evans, and Smithies produced the first gene 

knockout model. European Commission, 2012). After 

humans, the mouse was the second mammal to have its entire 

genome sequenced in 2002. 

 

Nobel Prize in Lab animal research 

The Swedish chemist Alfred Bernhard Nobel (1833–1896) 

founded the Nobel Prizes in 1895, and the first physics, 

chemistry, peace, and literature prizes were given out in 1901. 

Animal research frequently results in Nobel Prizes. In fact, 

188 of the 225 prize winners in the Physiology or Medicine 

category conducted their study using animal models. A 

German scientist who worked with horses to produce the 

diphtheria vaccine got the first prize in 1901. After that, the 

Nobel Prizes were given out annually for significant 

discoveries, usually for work involving animals (Baptista et 

al., 2021) [10]. Recently, David Julius and Ardem Patapoutian, 

for instance, won in 2021 for their work with mice. The 

discovery of temperature and touch receptors was made 

possible by their ground-breaking research in mice (Zhang et 

al., 2021) [11] (Fig No: 1). 

 

Classification of experimental animals 

Experimental animals are broadly classified as rodents and 

non-rodents, large and small animals, as well as vertebrate 

and non-vertebrate animals. Small animals include Mice, 

Rats, Guinea pigs, and Hamsters. Other small animals like-

Rabbits come under lagomorphs. Under large animals - 

Sheep, goats, pigs, and Equines such as horses, mules and 

donkeys played a role in immunological and behavioural 

research. At the next step of preclinical studies in non-human 

primates such as Monkeys, Langurs, and Loris were used to 

confirm the reliability of results obtained from the lower 

vertebrate animals and avian species. Invertebrate models – 

the fruit fly, nematodes, and wax moth. Also, amphibians like 

frogs, toads and lizzards contributed significantly. In 

advanced lab animal science, animals are grouped as Specific 

pathogen-free animals, Gnotobiotic animals, and transgenic 

animals are also classified as of defined environment, 

microbiota, and growing conditions. The usage of individual 

species is described briefly under separate subsections. 

 

Mice: Mice's genome was published in 2002 and 85% of 

protein-coding sequences were identical to the human 

genome. Thus, every human gene has a counterpart in the 

mice model. The variability is present in the noncoding part 

of DNA or junk DNA. As compared to other mammals, mice 

is a well-established model to replicate human in biomedical 

research. With this, 60.9% of the laboratory animals used in 

the research are mice (Luechtefeld et al., 2018) [12]. Among 

inbred and outbred animals, except for toxicological studies, 

all sophisticated experimental research involved inbred strains 

of mice to overcome variability. Outbred stocks are used in 

toxicological studies and primary screening of drugs. 

BALB/c, C57BL/6, CD-1, SCID, Swiss albino, and A/J are 

the commonly used mice strains for experimental purposes. 

Among that only CD1 and Swiss albino are outbred animals 

(Zott et al., 2019) [13] and are used in many toxicological 

testing studies (Irena Živković et al., 2016) [18], vaccine 

development, and basic pharmacological research (Zhao et 

al., 2020) [19]. C57BL/6 strain serve as in vivo model for many 

physiological and pathological diseases and in Alzheimer's 

and Parkinson's disease model (Kam T et al., 2018; 

Nordmann et al., 2020) [14, 15]. BALB/c is an immunodeficient 

mice model, which is also being used in oncological studies 

and is involved in hybridoma and monoclonal antibody 

productions (Besse et al., 2019; Luther A, 2019) [16, 17]. CB17 

SCID mouse is an albino strain with a spontaneous SCID 

mutation and a valuable immunodeficient animal model for 

testing cancer treatments (Richter CP, 1959) [20]. 

 

Rats: Norway rats were the first domesticated rats for 

research purposes 170 years ago (EC, 2012). Rats are the 

second choice (13.9% of all animals) in overall biomedical 

research while the first choice in studying cardiovascular and 

neurobehavioral research (Jacob HJ, 1999) [22]. Wistar rats 
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and Sprague-Dawley rats were the most widely used strains of 

lab rats worldwide. These two strains of rats with albino coats 

and of outbred stocks. In addition, rats are excellent models to 

study diabetes, obesity, and cardiovascular studies (van der 

Spek et al., 2012) [23]. The rat brain looks like a primitive 

structure of the human brain as well as occurring similar kinds 

of behavioral disorders. Therefore, rats are one of the best 

rodent models to study in the neuro-psychology field. Outbred 

stocks like Wistar, Wistar han, wister Kyoto, Sprague 

Dawley, Long Evans, and Zuker fatty rats as well as inbred 

strains like Lewis, Brown Norway, and nude rats were also 

used for research purpose in the field of pharmacology and 

toxicology studies. 

Wister rat models are used for general-purpose, infectious, 

and surgical or oncological studies. Wister Kyoto for 

hypertensive and autism model. Sprague Dawley was 

established to do behavioural-related research, obesity 

models, and oncological research. Long Evans was used for 

behavioural studies because of its docile nature. Zuker fatty 

rats were models for genetic obesity and showed resistance to 

leptin (Kava et al., 1990) [24]. Brown Norway is a pigmented 

model used for transplantation and immunological studies 

(Zhang, 2010) [26]. Lewis strain is used for autoimmune 

models such as thyroiditis, arthritis, encephalitis, and 

enterocolitis (Hanes MA, 2006) [27]. Nude rats are widely used 

for dermatological procedures and can develop tumour 

masses without showing any distress (Yarto-Jaramillo, 2011) 
[28]. 

 

Guinea pigs: Guinea pigs originated from South America and 

are caviomorph rodents (McMurray, 1994) [29], 

phylogenetically distant from humans as compared to 

mice/rats. These are preferred models for studying infectious 

disease, pathogenesis, and vaccine safety testing and 

toxicological studies. Less than 1% of Guinea pigs are used 

for research in the UK. Guinea pig shows similarity with 

regards to the hormonal and immunological system 

(Complement and Delayed type hypersensitivity) to humans 

(Seya et al. 1991; García-Carrillo, 1990) [30, 31]. Outbred 

strains of Guinea pigs include Hartley Guinea pig, Duncan-

Hartley, and English short hair, while Strain 2 or 13 Guinea 

pig is the only inbred strain. Among this, Duncan Hartley is 

widely used for multiple research purposes (Hensel and 

Arenas-Gamboa, 2018) [32]. Many bacterial (Tuberculosis, 

Diptheria, Brucellosis, Chlamydia, Legionnaire, etc.) and 

viral diseases (Zika, Ebola, Lasa, and Influenza) were studied 

systematically using this animal as a model (McMurray et al., 

1996; Padilla-Carlin et al., 2008) [33, 34]. Most of the sexually 

transmitted diseases and reproductive disorders scan very well 

in Guinea pigs as compared to the mice. More than 20 Nobel 

Prizes were awarded for the research, involving the use of 

Guinea pigs (Pasteur L, 1885) [35].  

 

Rabbits: Rabbits are lagomorphs and much closer to primates 

as compared to rodents. It is the first animal model used for 

immunological studies by Louis Pasteur for the rabies vaccine 

(Neves et al., 2015) [36]. Immunity-associated genes present in 

rabbits are similar to humans. Laboratory rabbits are derived 

from the European rabbit. New Zealand White (NZW), New 

Zealand Red (NZR), Californian White (CW), Dutch belted 

rabbits, and Polish rabbits are used for laboratory purposes. 

Rabbits are generally used for bone and periodontal research 

(Aline Schafrum Macedo et al., 2019) [37]. NZW are widely 

used for monoclonal and polyclonal serum raising, cancer, 

studies dealing with atherosclerosis and lupus (Mage and Rai, 

2012) [38], and other complex disease models (Kónya et al., 

2008) [39]. NZR/NZW rabbit is used to study TB, leprosy, and 

other infectious diseases (Dharmadhikari and Nardell, 2008; 

Esteves et al., 2018) [40, 41]. Dutchbelted and Polish rabbits are 

used in pharmacological/toxicology studies and for eye-

related research (Gwon A, 2008) [42]. 

 

Non-Human Primates (NHPs): Non-Human Primates have a 

close phylogenetic relationship to humans Further NHPs and 

humans share a common ancestor. The development of 

vaccines, therapeutic molecules, and implant devices need to 

be translated into NHPs after completing experiments in 

rodents. Primates are arboreal and plantigrade animals. 

Classified into two suborders Prosimii and Anthropoidea 

include animals such as lemurs, lorises, bush babies, tree 

shrews and monkeys (Old World and New World), gibbons, 

and apes, respectively. Macaques, Bonnet, Rhesus, Lion-

tailed, Assamese, Pig-tailed, and Stump-tailed macaques were 

used in various kinds of biomedical research. Every year, 

65000 NHPs in the USA and 5000 in the European Union 

were used (EC, 2013; US, 2012). NHPs were used in 

infectious (HIV, Smallpox, Polio, and Hepatitis), non-

infectious diseases (Nervous and reproductive model), and 

xenotransplantation research. In 1940, Salk and Sabin 

developed the Polio vaccine by passaging the virus in a 

Rhesus monkey model to create a live attenuated vaccine 

(Spice B, 2005) [42], (americanhistory.si.edu). Vaccines, 

therapeutic studies, and pathogenesis of AIDS, Zika, Ebola, 

Yellow fever, and Hepatitis virus also studied preclinical as 

definitive models (Friedman et al., 2017) [46]. Medical 

breakthroughs in drug delivery and treatment for brain cancer 

were studied critically using NHPs (Staprans et al., 2004; 

Lesniak, 2014) [47, 48]. Rhesus monkey was used for the 

malarial vaccine and atherosclerosis-associated research. 

Bonnet and Langur monkey was used for studying the 

pathogenesis of Kyasanur Forest Disease (KFD), Japanese 

Encephalitis (JE), and Dengue virus (Holbrook, 2012) [49]. 

Physical, chemical, and immune contraceptive methods were 

tested in the NHPs before applying to humans (Liechty et al., 

2015) [50]. Monkeys were used in space research to know the 

physiological changes because of space travel (Sharp, 2021) 
[51]. 

 

Canines: Dogs are the ideal model to study metabolism and 

physiological associated studies. Diabetes, Cardiovascular, 

Muscular dystrophy, Epilepsy, and Cancer occurring in dogs 

are similar to human conditions which make dogs compatible 

with biomedical research. Beagle dogs are most preferred 

because of their known biological and genetic status as well 

as docile and friendly behaviour. Therefore, accepted for 

biomedical research. However, Mongrels and Hounds are also 

used because of their medium size. In 1920, Banting received 

the Nobel Prize for the use of pancreatic insulin from cows 

that controlled diabetes in dogs. Also in the year 1904, Pavlov 

was awarded the Nobel for finding the control of the digestive 

system by the reflex from the central nervous system (Gerard 

P. Smith, 2000) [52]. Nutritional research associated with 

Vitamin D supplementation through cod liver oil reduced 

rickets incidence in dogs (Mellanby, 1976) [53]. Dog is the 

better model to study multiple sclerosis and age-related 

problems because of their food habits like humans. As dogs 

can also be affected by Granulomatous meningo 

encephalomyelitis and chemical damage of DNA methylation 

leading to aging problems, hence, they are the best-suited 

model for these studies. Antiaging procedures and technology 
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tested in dogs can be translated into humans (Abdallah, 2019) 
[54]. Louis Pasteur used dogs as experimental animals for 

rabies vaccine development and successfully applied vaccines 

to control rabies in humans. The electrocardiogram (ECG) 

was invented by Einthoven with the use of dogs as laboratory 

animal models. Different cardiac problems were identified 

using the ECG pattern in dogs, which can be applied in 

humans C.F. Beck., et al. (1947) [55]. Cardiac valve xenograft 

was performed on rabbits, G. pigs, sheep, and subsequently 

pigs to dogs finally leading to identify biologically inert bio-

prosthetic valves in pigs. Dogs are often used in oncology and 

toxicity studies. Since dogs and humans reported high 

homology for cancer-related illnesses, drugs developed for the 

cancer were tested in dog models (Lucroy and Suckow, 2020) 
[57]. 

  

Equines: Equines are monogastric of lesser comparative 

intestine length and much more sensitive to allergens. 

Commonly used to raise the hyperimmune plasma against 

snake venom (Guidlolin et al., 2010) [58]. From 1890, horses 

were used to produce antitoxin for diphtheria. This research 

was awarded a Nobel Prize for Emil von Behring's work. 

Horses were also utilized to study the autonomic nervous 

system and cartilage repair research (McIlwraith et al., 2011) 
[59]. However much is involved in orthopedic-related research.  

 

Other experimental models in biomedical research 

Hamsters comprise 25 species but only Syrian/Golden 

hamsters are used in biomedical research. Potency testing of 

the leptospira vaccine was carried out in the hamster model as 

well as pathogenesis and therapeutic candidate investigations 

(Samrot AV et al., 2021) [60]. Mongolian gerbil models were 

used in biomedical research for gastrointestinal tumours, 

stroke, and inflammatory bowel diseases (Small and 

Buchman, 2000) [61]. The effect of drug molecules on steroid 

hormone and cholesterol level were analyzed in this model 

(Rybakova, A. and Makarova M, 2017) [62]. Chinchilla (long-

tailed) is broadly investigated for auditory-related studies 

such as otitis media (Shofner W.P and Chaney M, 2013) [63].  

The nine-banded armadillo is the only ideal model to study 

the infectious organism, Mycobacterium leprae 

(Balamayooran et al., 2015) [64]. Alternative model organisms 

such as the zebrafish, silkworm, tobacco hornworm, fruit fly, 

and nematodes don't come under the ethical considerations as 

in the case of higher vertebrates (Peterson et al., 2008) [65]. 

The Greater Wax moth (Galleria mellonella) has emerged as 

an infection model to demonstrate bacterial virulence factors. 

The fruit fly Drosophila melanogaster and the minuscule 

nematode Caenorhabditis elegans were commonly used 

invertebrate models, as these are used for Parkinson’s, 

Alzheimer’s, Huntington’s disease, diabetes, cancer, immune 

disorders, as well as the development and testing of 

therapeutic agents for these diseases (Wilson-Sanders S E, 

2011) [66]. In addition, these models were used for molecular 

mechanism and genetics-associated studies. The wax moth 

model is used to screen a variety of antimicrobial molecules 

such as antibiotics, peptides, and phages against potential 

bacterial pathogens for their efficacy (Tsai et al., 2016) [67]. 

  

Conclusion 

Animal studies are critical to advance our understanding of 

complex disease pathogenesis, genetics, risk factors, safety of 

drugs, and vaccines for several life-threatening health 

diseases. Every Nobel Prize awarded in medicine in the last 

three decades has depended on data from animal 

experimentation. Testing on animals are very important to 

ensure the safety and efficacy of various drugs, vaccines, and 

devices before they are used in humans. Several animals 

ranging from small animals like mice to large animals 

including non-human primates are available to unravel the 

fundamental questions of many diseases, which are yet to be 

conquered by finding their diagnosis, understanding the host-

pathogen interaction, and finally addressing upon cure.  

 

 
 

Fig 1: Graphical representation of lab animals utilized in the Nobel Prize research 
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