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Abstract: Almost every important medical breakthrough in the last century has relied on animal research.Animals have been used as surrogates in the study of human diseases, providing crucial information in the process of developing novel ways to treat, cure, or prevent them. Animal experiments are an important part of biomedical and behavioral research.Investigators are employing animals, like they have in the past, to learn about the most common ailments of the age, such as heart disease and cancer, as well as to gather basic knowledge in genetics, physiology, and other life sciences. Animals are also required to tackle new diseases, the most prominent of which being acquired immune deficiency syndrome (AIDS). Simultaneously, behavioral experts are using animal studies to understand more about significant causes of human suffering such as mental disease, drug addiction, and so on.  The use of animals in biomedical and behavioral studies has substantially enhanced scientific understanding and has greatly benefited human health.
--------------------------------------------------------------------------------------------------------------------

Because there are no in vitro models capable of fully mimicking the complexity of the human organism, the use of animals in biomedical research has been recommended for perfecting and validating existing procedures(1-4), developing new materials (5-7), and understanding the various physiological and pathological processes (8-10). Animals and humans are biologically similar. In fact, mice and humans share more than 98% of our DNA. Animals are prone to many of the same health issues as people, including cancer, diabetes, and heart disease. Because animal models have a shorter life cycle than humans, they may be studied over their whole life span and across several generations, which is crucial in understanding how a disease processes and interacts with a whole, live biological system (11). Small laboratory animals such as mice, rats, rabbits, and guinea pigs have long been used as models to better understand a variety of human diseases. The basic purpose of designing animal models for research is to produce an experimental system in which the situations that occur in humans are phenocopied in the laboratory animal as faithfully as possible (12). Animals of several species are utilized in medical research.

Rodents are extremely useful in biomedical research. Mice and rats account for approximately 95% of laboratory animals (11). Rodents have replaced higher - order species as the animal model of choice for biomedical researchers because their physiology and genetic makeup are so similar to humans. Despite certain differences, the similarities between rodents and people are great enough to provide researchers with an incredibly potent and diverse mammalian system in which to explore human diseases. 

Mice

Mice have been employed as research subjects in a variety of fields, including biology, psychology, and engineering. They are used to simulate human diseases in order to develop therapies or cures. Hypertension, diabetes, cataracts, obesity, seizures, respiratory issues, deafness, Parkinson's disease, Alzheimer's disease, various malignancies, cystic fibrosis and AIDS, heart ailments, muscular dystrophy, and spinal cord injuries are among the illness models. They have applications in behavioural, sensory, ageing, nutrition, and genetic research. (13)      

Rat

Rats are second only to humans in terms of biomedical research prevalence, and they share 90% of the human genome. Almost all disease-linked human genes have corresponding genes in the rat genome, making rats an ideal study tool. The rat has provided us with a tremendous wealth of knowledge about basic biology and intricate physiological connections, as well as serving as a model of human disease and learning, much of which has been converted to increased human knowledge.

The rat has provided us with a tremendous wealth of knowledge about basic biology and intricate physiological connections, as well as serving as a model of human disease and learning, much of which has been converted to increased human knowledge.   

Well-established strains of rat are used to study a number of human diseases such as:

obesity and diabetes

cancer

cardiovascular disease (including high blood pressure and heart failure)

neurological diseases (such as Parkinson’s disease)

Inflammatory and immune mediated diseases (such as certain types of kidney disease and multiple sclerosis). (14)

G.pigs

Guinea pigs have been used as experimental animals for millennia, hence the term 'guinea pig' for a human patient. Guinea pigs have aided in the discovery of Vitamin C, the tuberculosis bacterium, and adrenaline, as well as the development of vaccines for diphtheria and tuberculosis, replacement heart valves, blood transfusion, kidney dialysis, antibiotics, anticoagulants, and asthma medications. Guinea pigs are still utilised in medical research today, particularly in the study of the respiratory, neurological, and immune systems.

The four main areas that guinea pigs are used in research today are(15): 
Allergies and respiratory diseases
Nutritional research
Hearing
Safety testing
Rabbits 

The rabbit was the first animal model used in various immunological investigations, including the invention of rabies vaccine by Louis Pasteur in 1881(16).

The rabbit is regularly utilised in the laboratory to study non-infectious disorders such as atherosclerosis (17, 18), intestinal immunity (19), reproduction (20), lupus (21), arthritis (22), cancer (23) and Alzheimer's illness. (24) Rabbits can also be carriers or reservoirs for a variety of viruses that cause zoonotic illnesses. (12) Over the last two decades, the rabbit has also become a more dependable animal model for numerous infectious disorders of viral, bacterial, and parasitic origin.(12) Rabbits are frequently used for testing the toxicity and safety of substances such as medicines, chemicals, and medical gadgets. They are employed in skin and eye irritation studies (25)

Hamsters

They are widely available, easily reproduce, and are relatively free of spontaneous infections while being vulnerable to several produced viral diseases. Obesity, induced carcinogenesis, prostatic disorders, toxicity, infectious diseases, dental caries, chronic bronchitis, and teratogenesis are all studied using them. (26) 

Gerbil

These rodents are slightly larger than mice but considerably smaller than rats. They've been employed as experimental models in a variety of biomedical studies. They make good laboratory animal study subjects because they are sensitive to bacterial, viral, and parasite infections that harm people. They have distinct properties that make them suitable for a variety of animal models. Gerbils have traditionally been utilised in studies including stroke, parasitology, infectious disorders, epilepsy, brain development and behaviour, and hearing. (27)

Cats

Cats make a unique contribution to science, and their unique biological properties and disorders make them the preferred animal for a variety of disciplines, including experimental neurology, some areas of ophthalmology, retrovirus studies, hereditary diseases, and immunodeficiency diseases. (28) Cats are frequently used as models in neurological research, as well as hearing, balance, mobility, and motor neuron research connected to spinal cord damage.They have been employed for mapping research due to anatomical similarities in brain anatomy. Because both the Feline Leukaemia Virus (FeLV) and the Feline Immunodeficiency Virus (FIV) have similarities to human viral syndromes, they are particularly valuable as models for viral illness syndromes. (29)

Dogs

For a long time, dogs have been very effective research models for a variety of reasons. Dogs have about the same amount of genes as humans, and their genome has been sequenced, which is one of the reasons they are physiologically so similar to humans. This makes dogs especially useful in genetic research. Diabetes, epilepsy, autoimmune illnesses, malignancies, and eye diseases are all known to affect dogs in the same way as they do humans.(30)

Dogs are employed in research on Duchenne Muscular Dystrophy (DMD), the most prevalent fatal human genetic illness discovered in childhood; DMD occurs spontaneously and is fatal in dogs.

Dogs are ideal for cardiovascular research; because of their similarity in cardiac connection and size to the human heart

Experiments on dogs resulted in the discovery of insulin, which was used to treat diabetic humans, the invention of blood transfusion methods, and the development of the electrical defibrillator, which was used to restore normal cardiac rhythm.

Some new cancer treatments are being studied in dogs with the same cancers as humans, as they may benefit both humans and dogs.(31)

Fish 

The zebra fish is the most important aquatic species used in research. Zebra contains 70% of human genes. They have two eyes, a mouth, a brain, a spinal cord, an intestine, a pancreas, a liver, bile ducts, a kidney, an oesophagus, a heart, a heart, an ear, a nose, muscle, blood, bone, cartilage, and teeth. Many of the genes and essential pathways required for the development of these characteristics are substantially similar between humans and zebra fish. As a result, any sickness that affects these body components in humans might theoretically be modelled in zebra fish (32). Because they contain all of the major organs involved in metabolism, they can be utilised to research a variety of human metabolic illnesses such as nonalcoholic fatty liver disease, type 2 diabetes mellitus, dyslipidemia, and others.Because they contain all of the major organs involved in metabolism, they can be used to examine a variety of human metabolic illnesses, including nonalcoholic fatty liver disease, type 2 diabetes mellitus, dyslipidemia, and other hepatic diseases. (33) They are also ideal for embryonic research due to their very translucent body throughout the larval growth stage. 

Some interesting facts (34)

Mice are the only known species in which totipotent embryonic stem (ES) cells can produce germline after being re-injected into a developing embryo.

Rodents do not vomit because they lack a vomiting centre.

Rats lack tonsils and a gall bladder, making them ideal for studying liver physiology because the organ regenerates virtually entirely in a week after a partial hepatectomy.

A 24-hour rat is claimed to have the same physiological characteristics as a 6-month-old child!

Hearing experiments can be performed on guinea pigs with sensitive cochleas.

The only laboratory animal that requires exogenous Vitamin C is the guinea pig, which is utilized in the study of Ascorbic acid metabolism.  

Rabbits have the ability to taste water, which humans and rats do not have. 

Hamsters, which have a cheek pouch, serve as an animal model for immunological studies. Under anaesthetic, the pouch can be pulled and examined. The pouch in the everted position can be employed for auto, homo, or hetero graft implantation. 
Table 1 –Biological and Physiological Data of Common Laboratory Animals (35)
	PARAMETER
	MICE
	RAT
	GUNIEA PIG
	RABBIT 
	HAMSTER

	
	
	
	
	
	GOLDEN
	CHINESE

	Typical Adult weight (g)
	20-40
	250
	800
	1500-5000
	80-90
	35-40

	Average life span (years)
	1.5-2.5
	2-3
	3-5
	4-6
	2-3
	2-3

	Average age suitable for experiment (months)
	0.75
	1.5
	3
	6
	1
	1

	Breeding habits (1 male to number of females)
	3
	5
	6
	1
	1
	1

	Average litter size
	6-12
	8-10
	3-4
	6-8
	5-7
	4-5

	Number of litters per year 
	8-10
	6
	4
	4
	-
	7

	Heart rate
	330-780
	300-500
	260-400
	130-300
	318-412
	-

	Blood volume (% B.W.)
	7-9
	6-7
	6-12
	4-8
	6-9
	-


Laboratory animals for Ex vivo studies.

Ex vivo research is based on experiments/measurements on tissue taken from organisms in a controlled external environment that mimics natural settings.

Ex vivo models are thought to be a good balance between in vitro and in vivo models. The existence of the entire intestinal epithelium with a mucus layer, as well as the expression of transport and drug metabolism proteins, is a significant advantage of employing functionally isolated tissues as part of an intact mucosa. (36) Animal models are made up of several tissues from laboratory animals. They are as follows (35):

	Sr.No.
	Species
	Tissue used 

	1
	Mouse
	Ileum, Vas deferens

	2
	Rat
	Ileum (Ascending and Descending Colon), Duodenum ,Stomach(Fundus), Anococcygenus, uterus, Vas deferens, Pelvic nerve diaphragm

	3
	Rabbit
	Duodenum, Ileum, Jejunum, Heart, Aorta, Atria

	4
	G. pigs
	Ileum, Ileum (Coaxial), Trachea, Vas deferens, Seminal Vesicle, Taenia caeci, Atria

	5
	Hamster
	Stomach strip

	6
	Cat 
	Splenic strip


Leeches as animal models

Leeches are a common model animal for researching animal system neuroscience all throughout the world. There are six fusions that form the head ganglia, 21 highly similar body ganglia, and seven fused tail ganglia in a leech's central nervous system; each ganglion contains about 200 pairs of neurons that are connected with adjacent neurons through thousands of axons and have important research value in neuron development, regeneration, and repair. Because they can heal themselves after central nervous system injury, leeches are a relatively effective model for understanding the activation mechanism of microglia. Leech neurons can respond to lipopolysaccharide via MyD88-dependent signalling pathways, boosting central nervous system cell regeneration. They are an excellent model for researching molecular biological mechanisms. Furthermore, leeches can be employed as an effective alternative model for studying hazardous compounds. Leeches are also employed as a model to assess the immune system's response to multi-walled carbon nanotubes (MWCNTs). It is suggested that leeches be used as a replacement model for studying the negative impacts of nanoparticles. (37) Leeches are mostly utilised as animal models in genetics and developmental biology research, biochemistry and pharmaceutical research, and neurological research.(38)
Livestock in different areas of biomedical research (39)

Animal models have proven crucial in increasing knowledge in various biomedical domains. The use of various livestock in scientific studies, such as cattle, sheep, goats, and pigs, helps to enhance the lives of humans, animals, and the environment. Despite the fact that laboratory rodents contribute significantly to biomedical research, there are some restrictions, such as differences in organ size, life duration, breeding, physiology, metabolism and behavioural patterns1, whereas livestock (cattle, sheep, goat, and pig) share common anatomy and physiology with humans. Furthermore, domestic animals have evolved phenotypic features such as body coloration, locomotion pattern, behaviour, and metabolic traits, making them an established model for the study of many genetic illnesses in humans.

Cattle

Cattle are thought to be the greatest model for research into reproductive immunology and placental biology. Because they have reproductive cycles comparable to humans, they are mostly utilised to investigate female reproduction issues such as abortions and pregnancy difficulties. Because of their placentation characteristics, those genetically modified cattle are the ideal models for studying embryonic loss in humans and other species. Pregnancy difficulties in cattle arise owing to faulty gene expression in trophoblast, similar to how foetal loss occurs in humans due to gene expression such as oxidative stress and hypoxia, apoptosis, and so on.

Goats and sheep 

Goats and sheep are thought to be the greatest models for researching the cardiovascular and pulmonary systems, respectively. Goats, particularly transgenic goats, were employed as a model for experiments on persistent atrial fibrillation. They were also used as a model in orthopaedic investigations since goat anatomy is comparable to that of humans.(8) Goats have also been utilised to research carcinogenic illnesses such as adrenocortical neoplasms and malignant melanoma. Sheep's respiratory physiology is similar to that of humans, making it a good model for asthma studies, pre-natal respiratory distress syndrome, and newborn respiratory syncytial virus. Sheep have been shown to be appropriate models for investigating nutrition as well as female fertility, in addition to cardiovascular investigations. These animals were also utilised in biotechnology to produce monoclonal antibodies.

Pigs

Pigs are used in biomedical research, particularly in cardiovascular studies. Atherosclerosis, heart failure, abdominal aortic aneurysm, pacemaker-induced atrial fibrillation, and other cardiovascular diseases.13 Xenotransplants with implanted pig pacemakers and insulin secreting cells are the most recent biomedical research developments. Pigs are also utilised to research skin grafts and reconstructive surgery. In genetically modified pig models, many human genetic illnesses such as Alzheimer's disease, Parkinson's disease, Huntington's disease, Amyotrophic lateral sclerosis, and others were examined. Minipigs have significant benefits over rodents in terms of organ system resemblance to humans, particularly the cardiovascular system, and immunological similarities that are more characterised than nonhuman primates. Miniature pig breeds are increasingly commonly utilised in the safety evaluations of new therapeutic compounds administered via various methods of exposure, as well as in models for human diseases such as diabetes, heart disease, and numerous skin problems.

Horses (40)
Horses (equus caballus) are a well-accepted, well-established, and therapeutically relevant animal model, particularly for musculoskeletal disorders, which is a significant focus of regenerative medicine research. The horse has become a popular model for non-terminal studies with thorough evaluation and monitoring due to the validated applicability of advanced diagnostic methodologies such as arthroscopy and MRI (along with scoring approaches), ultrasound, radiographs, CT, and scintigraphy.Second-look arthroscopy and serial sampling are also options. Furthermore, horses' great size enables for the production of critical size flaws or many faults, as well as a considerable amount of material that can be sampled for analysis. This allows for broad and comprehensive studies that would not be possible with smaller animals.

Some downsides of utilising horses as models include high expenditures of animal procurement, maintenance/handling, as well as ethical considerations and lesser general public acceptance of horses as experimental animals compared to small animal studies. Furthermore, numerous essential characteristics that comprise the framework used in studies employing Omics techniques have not yet been adequately explored in horses. The availability of equine specific antibodies, molecular tools, and markers, as well as the restricted annotation status, are limiting issues.

Non-human Primates in Biomedical Research

Although nonhuman primates (NHP) make up fewer than 1% of all animals employed in biomedical research, their remarkable parallels to humans make them valuable, and currently irreplaceable, models for humans in many areas of research (41).

Nonhuman primates and humans have a tight evolutionary link, which leads to developmental, behavioural, and psychological similarities. Because of our similar evolutionary history, primates have been employed in research over the past century to learn more about their unique behavioural and psychological processes, as well as as models for human behaviour and disorders. 

 Macaques (Macaca) are the most commonly utilised primates in laboratory research, but baboons (Papio), chimps (Pan troglodytes), squirrel monkeys (Saimiri), vervet monkeys (Chlorocebus), and marmosets (Callithrix) are also used. (42)

While NHPs account for less than half of all animals used in medical research, it is no exaggeration to claim they are critical to finding therapies for cancer, AIDS, Alzheimer's, Parkinson's, obesity/diabetes, and dozens of other diseases that cause human suffering and death.

Monkey research is crucial to understanding how the human brain functions and its role in cognitive, motor, and psychiatric disorders such as Alzheimer's, Parkinson's, and depression. This research is also critical to knowing how to prevent and cure new infectious diseases such as Zika and Ebola. NHP research is revealing crucial information regarding type 2 diabetes, the most common and costly metabolic disorder in the United States, as well as the obesity that leads to the majority of cases. 

Without NHP research, we would lose the chance to develop better techniques to reduce unfavourable pregnancy outcomes such as miscarriage, stillbirth, and early birth. This research also assists doctors in gaining knowledge that makes human organ transplants easier and more accessible, actually delivering new life to patients whose kidneys, hearts, and lungs are failing.

Monkeys are frequently used at the end of the process, which is known as translational or applied research.

Research with monkeys is strictly regulated, regardless of where it happens in the scientific discovery process. Monkeys are used by scientists only when no other study model can supply the necessary information. 

While rodents are widely used and extremely useful in answering many basic research questions, their utility is limited by differences from primates such as a lack of sophisticated brain structures, less developed immune systems and motor skills, and differences in how their metabolism functions, among other characteristics. (43)

Figure 1- Animal in published research (44)


Table: 2 At a glance (45)

Biomedical significance and limitations of animal models

	Sr.NO.
	Animals in Research
	Significance and Limitations

	1
	Rats (Rattus norvegicus domestica) and Mice (Mus musculus) 
	Easy breeding, handling, and raising care, with rats and mice interchangeable. They are primarily inbred, thus they lack genetic variety like humans, making them unsuitable for inflammation research.

	2
	Guinea pig (Cavia porcellus)
	Mostly outbred, good for cholesterol metabolism, asthma model, feto-placental development and parturition, Alzheimer's disease research, tuberculosis research, and vaccine development. Due to the virus's low infectious potential and high phenotypic variability, Ebola research in guinea pigs is limited.

	3
	Rabbit (Oryctolagus cuniculus)
	A good model for surgically induced osteoarthritis, a wound healing model, a medication study, an asthma model, a cholesterol model, a cardiovascular disease model, and an Alzheimer's disease model.

	4
	Hamster, especially golden hamster (Mesocricetus auretus)
	Excellent for reproductive study because of the stringent progesterone, but not oestrogen, short gestation period, unique anatomical feature such as loose subcutaneous space, useful for microcirculation studies, cancer model, infection model for leptospirosis, vaccine studies

	5
	Cat (Felis catus)
	Important models for asthma, obesity, type-2 diabetes mellitus, HIV, cerebral palsy

	6
	Dog (Canis familiaris)
	Narcolepsy, hemophilia B, or hereditary diseases, cancer, musculoskeletal research, etc

	7
	Cattle (Bos taurus)
	Important for research into female reproductive models, pregnancy difficulties, and tuberculosis models. However, additional care costs are required.

	8
	Goat (Capra hircus)
	Potential for orthopaedic studies, mechanical circulatory support devices, model for female to male XX sex reversal

	9
	Sheep (Ovis aries)
	Simple to handle, easy to sample, physiological and anatomical nature is similar to humans, useful for surgical model for bone and wound healing, asthma model, heart pathology, vaccine research, but largely inbred strains

	10
	Pig (Sus scrofa)
	Large litter size, more analogous to human physiology, crucial for cardiovascular research, Alzheimer's illness, atherosclerosis, type 2 diabetes, breast cancer, and other diseases.

	11
	Equids (Equus)
	The research of articular problems, orthopaedic models, tendinopathies, asthma models, and reproductive models is critical. However, additional care costs are required.
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