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Translational research using small laboratory animals is being done to demonstrate proof of concept, to study 

pharmacokinetics as well as to understand efficacy and safety of new drug molecules. During the evaluation of a 

drug candidate, the assessment of efficacy and safety is normally performed in different experiments using 

various animal models. In such experiments, efficacy is assessed by mimicking the disease state in animal model 

while safety is investigated in healthy animals. Inventing new drugs using biotechnological and 

nanotechnological approaches is becoming a major thrust area in drug research. Apart from this, the 

development of medicine from traditional knowledge like Ayurveda has emerged as major area for drug 

industry. Use of conventional in-vivo approaches may not prove useful to answer many questions. 

Transgenic/knock-out/knock-in animals are now getting space in pharmaceutical research for target 

identification and validation. Predictability of in-vivo research depends on scientific protocols and methods 

adopted for model selection and development. Various alternative approaches for in-vivo research are being 

followed. It is a fact that no animal model is 100 % capable of mimicking the complex human body but still, 

researchers have not yet found any alternative model which can completely replace in-vivo models. This review 

is a holistic approach explaining the various animal models being used for translational research, animal ethical 

issues, alternative approaches available and provides a critical analysis of major issues/challenges faced in 

translational research using in-vivo approaches. 
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INTRODUCTION 
 

Animals are biologically and physiologically similar to 

humans. It has been stated that, chimpanzees share more than 

99% of DNA with humans and mice share more than 98% DNA 

with humans. Hence, animals are susceptible to many of the 

same health problems as humans. Small laboratory animals have 

relatively much shorter life cycle as compared to humans and 

hence, they can be studied throughout their whole life                  

span or even for several generations. In addition,   environmental  
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conditions like diet, temperature, and lighting surrounding the 

animals can be easily controlled which is not possible in humans.  

The use of animal models in experimental research is being done 

historically. In the early 1980s, scientists were neither aware nor 

sure about the appropriate toxicological assessment program for a 

new class of NCEs, biotechnology-derived pharmaceuticals or 

biopharmaceuticals (Hayes and Cavagnaro, 1992).                           

It has been observed that toxicity evaluation in healthy rodent and 

non rodent species results in prediction of human risk in 

approximately 71% of instances (Olson et al., 2000). Use of 

laboratory animals in experiments is critical because complexity of 

human life cannot be duplicated in cell culture or in non living 

systems. For drug discovery research, it is essential to develop 

animal models which will mimic the human diseases. 

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Till date, numerous animal models have been developed 

and used in discovery and safety evaluation of new drug 

molecules. In addition to this, these models have also played a 

significant role in understanding the mechanisms and etiology of 

various diseases. As models, scientists aim to produce artificially 

produce a condition in laboratory animals that may resemble the 

human equivalent of a medical disease or injury. The common use 

of animal models in drug discovery is to help in establishing 

nonclinical proof of concept as well as for demonstrating efficacy 

for a particular molecule under consideration. Besides the 

determination of markers for primary efficacy, animal models are 

also used to study endpoints that support target identification and 

to study pharmacodynamic effects (Sherry et al., 2012).  

FDA and Critical-Path Institute launched Predictive 

Safety Testing Consortium (PSTC) to assess new biomarkers using 

animals for nephrotoxicity, hepatotoxicity, vascular injury, 

genotoxic and non-genotoxic carcinogenicity studies. More than 

20 biomarkers were proposed for nephrotoxicity assessment to the 

FDA for qualification consideration in June 2007 (Burckart, 2008). 

The American Physiological Society (APS) has defined 

translational research as ‘the transfer of knowledge gained from 

basic research to new and improved methods of preventing, 

diagnosing, or treating disease, as well as the transfer of clinical 

insights into hypotheses that can be tested and validated in the 

basic research laboratory (Hall, 2002).  

Decisions on the choice of a relevant experimental model 

and the design, execution and evaluation of the experiments have 

to be made carefully. Both the economic and ethical aspects 

become important factors, when a potential therapy fails either in 

human or later trials (US FDA, 2004). Judicious use of laboratory 

animal is one way of reducing the high attrition rate (Bhogal and 

Balls, 2008). The significant inventions in the area of medicine 

have been possible only due to the use of animals (Pawlik, 1998). 

Laboratory animals produced by gene manipulation techniques 

fulfil much of the criteria for making them most useful for study of 

human diseases.  

Genetic alterations in mouse/rat lead to functional 

changes predicting the correlation of pharmacologic effect in 

human. This review will provide an overview of the importance of 

in-vivo studies in translational research, its status, overview of 

national and international regulations, current methods of rodent 

model development, limitations and challenges of animal models 

and future perspective. According to Isselhard et al., 1986, a good 

animal model comprises of the following; 

 

1. Animal model used should be representative of the 

human disease under investigation. 

2. Availability of the animal model  

3. It should be sufficient enough in size for sampling of 

biological specimens. 

4. It should be easy to handle 

5. Species and strains of that animal model should be 

available 

6. Sufficient life span to undertake research 

7. The animal model should be robust for the purpose of the 

study. 

 

Historical perspective of usage of laboratory animals in 

research 

Human beings have been using vertebrate animal species 

as models to study their physiological functions and anatomy since 

the inception of medicine (Staden and Herophilus, 1989). 

Domesticated rats (Rattus norvegicus) were the first rodent species 

to be used for scientific purposes and in the early years of the 

twentieth century they became a preferred system for biomedical 

research. In the year 1909, the first standard rat was developed 

called the Wistar Rat (Lindsey et al., 2006). Scientific 

breakthroughs especially the famous ‘Koch’s ‘Postulate’ in the 

field of microbiology lead to an increased use of animals. The 

principle stated that pathogenicity of a microorganism can be 

studied and validated after infecting healthy, susceptible animals 

(Van et al., 2001).  

In 1980, John Gordon and Franck Ruddle developed the 

first transgenic mouse (Gordon and Ruddle, 1981). In 1988, the 

first gene knockout model was produced. In 2002, mouse became 

the second mammal, after humans, to have its whole genome 

sequenced. The use of animals in toxicity studies started way back 

in the decade of 1920 J W Trevan proposed LD50 test to determine 

the lethal dose of individual chemicals depending on the mortality 

of 50% of animals. John Draize developed the technique to test 

safety of any chemical for organs like eye and skin. Some of the 

traditional toxicity protocols date back about 50 years, and were 

developed at a time when knowledge of molecular biology and 

various signalling pathways in any animal was not known or 

unclear. A comprehensive evaluation of all these protocols is 

highly needed in the light of advancement of knowledge in 

genomics and proteomics, so that these protocols can be 

reformulated. Figure 1 illustrates the advantages of laboratory 

animals in research in a precise manner.  

 

 
 

Fig. 1:  Advantages of using laboratory animal as models in biomedical 

research. 

 

American National Research Council Committee on 

Animal Models for Research and Aging, have classified animal 

models used in biomedical research into five groups as:  

(1) Spontaneous models in which diseases occur spontaneously in 

animals as in humans, (2) disease mimicked using chemicals (3) 

genetically modified models by genetic manipulation (4) negative 

models, including animals resistant to a particular disease 

http://www.ejmanager.com/mnstemps/19/img/19-1454385387-1.jpg?t=1459622610
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condition and (5) orphan models, including animal models with 

disease unknown to human counterparts (Canadian council of 

animal care, 2016). We will discuss few of the important animal 

models to study various diseases. 

 

Spontaneous animal models 

Animal models that have developed spontaneously over 

the period of time in the life span of particular animal. They mimic 

specific diseases of humans. Notable examples of these are the 

Gunn rat (for hereditary hyperbilirubinemia) and the BB Wistar 

rats (for type I diabetes). Heideman P in 2004 explained the strong 

basis for the study of genetic variation, and for using models that 

exhibit this feature. 

 

Inbred animals 

Commonly used inbred strains of laboratory mice like 

C57BL/6, DBA, BALB/c were purposefully produced by 

generations of brother-sister mating to create homogenous lines. 

The genome of one mouse strain C57BL/6J has been almost fully 

sequenced. 

 

Specific pathogen free animals 

SPF animals are special stock of animals that are kept in 

specific pathogen free facilities under rigorous monitoring system, 

which are subjected to sensitive and accurate diagnostic methods. 

The animals are repeatedly bred under controlled conditions to 

maintain their freedom from specific pathogens and the SPF 

designation itself is tested on a regular basis over an extended 

period of time. SPF animals are not disease free nor are they 

disease resistant. They may well carry other pathogens for which 

their health status has not been assessed. Apart from these, animal 

models are developed to undertake mechanistic studies. The most 

commonly used pharmacological model related to Alziermer’s 

Disease is scopolamine-induced amnesia (Ebert and Kirch, 1998). 

Another way to develop model for Alziemer’s disease is direct 

intracerebral injection of Ab peptides causes learning and memory 

deficits, as well as AD-like behavioural alterations (Sipos et al., 

2007). Laboratory mice are the most common species explored as 

a model to study asthma. In principle, mice are sequentially 

sensitized to allergen with alum as an adjuvant via intraperitoneal 

injection and challenged to allergen through the airways (Zosky 

and Sly, 2007).  

Ovalbumin derived from chicken egg is a widely 

preferred as an allergen as it induces robust, allergic inflammatory 

cascade in mice (Kumar et al., 2008). 7, 12-

dimethylbenz[a]anthracene (DMBA) and methylnitrosourea 

(MNU) induced mammary gland carcinogenesis models are 

routinely used for tumour studies. The 50 day old rat MNU-

induced cancer model is popular because it typically produces 

100% incidence of adenocarcinomas within 120–150 day of 

carcinogen treatment (Moon and Mehta, 1989). The diethyl 

nitrosamine (DEN) model induces lung adenocarcinomas 

following twice-weekly subcutaneous injections of 17.8 mg 

DEN/kg body weight (bw) starting at 7–8 wk of age and 

continuing for 20 Weeks (wk) (Moon et al., 1992). This treatment 

usually produces 90–100% tracheal tumors and 40–50% lung 

tumors in treated male Syrian golden hamsters. Another group of 

animals used in biomedical research is an inbred strain developed 

after close brother sister mating over 20 generations. Animals from 

the same inbred strain are considered as genetically identical. 

Another group of animals used for research are the Congenic 

strains; they are developed through repeated backcrosses to an 

inbred background strain to select a unique marker over a 

minimum of 10 generations. Inbred strains used as a background 

strains for the production of Congenic strains are C57BL/6, 

BALB/c and CD-1.  

To study obesity, Zucker rat is a commonly used obese 

rat model. An autosomal recessive mutation in the fatty gene (fa) 

leads to development of obesity in Zucker rat (Phillips et al. 1996). 

The ob/ob mouse is a monogenic model of obesity and diabetes 

due to a lack of leptin production. It is the commonly used model 

for obesity and diabetes research. The db/db mouse, resembles 

with ob/ob mouse in many parameters and carries mutations in the 

leptin receptor (Hummel et al., 1966).Cotton rats are widely used 

to study infectious diseases because of their unique susceptibility 

towards human pathogens.  

It is important to note that mice and rats often are not 

susceptible to human pathogens. Various types of animal models 

to study type 2 diabetes have been developed by approaches like 

spontaneous, using certain chemicals, dietary modifications, 

through surgical manipulations or combinations of these 

(Srinivasan and Ramarao, 2007). 

Figure 2 explains the use of laboratory animals and 

endpoints of specific in-vivo study (Fig: 2) 

 

 
Fig. 2: Animal models and their uses. 

http://www.ejmanager.com/mnstemps/19/img/19-1454385387-2.jpg?t=1459622610
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Use of small laboratory animals in preclinical safety studies 

Objectives of any preclinical regulatory are; 

(1)To find out the initial safe starting dose and dose 

escalation system for clinical use, (2) To obtain an idea about 

possible risk versus benefit ratio of test item in humans, (3) To 

find out   potential target organs and probable reversibility of 

toxicity (4) To identify endpoints of study for clinical studies, (e) 

To identify patient inclusion/exclusion criteria (Stromberg et al., 

1995). Success of any preclinical animal safety study primarily 

depends on preclinical study (1) Selection of the appropriate 

animal species, (2) availability of the target receptor (3) binding 

capacity of molecule with receptor (4) the metabolic and 

pharmacologic profile of the animal model used. Figure 3 depicts 

the primary usage of small laboratory animals in various studies. 
 

 
 

Fig. 3: Positioning of laboratory animals in research. 

 

Recent advances in model development 

Xenograft models, where human tumors are “cultivated” 

in immune-compromised mice have demonstrated fast and cheap 

solution for therapeutic testing. Such models are part of all 

standard drug development programmes and are a pre-requisite to 

clinical trials. For historical reasons these “artificial” models are 

preferred over Genetically Engineered Mouse Models  (GEMMs), 

as they have been used for over 50 years (Newell et al., 2008). 

Primary goal of studies using xenograft models is to confirm that 

the “targeted” therapy under investigation hits the intended target 

that should be present in the tumor cell line used in the study. On 

the other hand, orthotopic models are labour intensive as they 

require surgical inoculation of tumor cells into the specific organ 

(liver, spleen) and the use of sophisticated imaging technologies 

and serum biomarkers to monitor the tumor take rate, tumor 

growth and effects of therapy on tumor progression. However, 

because in orthotopic models, the tumor is placed in its native 

environment (organ), studies performed in these models provide 

data with higher predictability (Cedo and Catharine, 2010). In 

orthotopic model, the tumor tissue is placed in the native 

environment of primary tissue. Xenograft models are relatively 

easy to perform; simple caliper measurement of tumor size 

provides insight regarding compound efficacy measured as 

inhibition of tumor growth. Islet transplantation for the treatment 

of type1 diabetes patients was achieved after completing proof-of- 

concept studies in islet allo-transplanted in rat model and then in a 

rhesus macaque model (Ballinger and Lacy, 1972; Ricordi et al., 

1992; Scharp et al., 1990). Recently, use of animal models for 

imaging techniques such as PET and MRI are being done on 

higher scale to study drug delivery. Use of animal models for these 

imaging has significantly helped to increase the potency and 

minimize toxicity of drug molecule in humans. Back-translation of 

imaging techniques from humans to animals has emerged very 

significantly and yielded promising results. Many techniques have 

been directly developed in humans and now they those need to be 

validated in animal models (Johannson, 2009).Use of imaging 

techniques like Computerized Tomography Scan (CT scan), 

Positron Emission Transmission (PET scan), Magnetic Resonance 

Imaging (MRI) have significantly reduced the sample size required 

for any in-vivo study compared to a conventional histological 

approach where only group comparisons can be made. This is in 

accordance with the 3Rs in preclinical research: refinement, 

reduction and replacement (Flecknell, 2002).  

Apart from above discussed models, Patient-derived 

xenograft (PDX) models are being used to study cancer biology. 

Tumor diversity is one of the major hurdles for cancer drug 

development (Tentler et al., 2012).  These models are contributing 

significantly for screening of anticancer drugs as well as for 

development of biomarkers. These models are proving best for 

personalized treatment of various cancers in humans. Studies were 

conducted in the 1980s using PDX models which showed 

significant correlation between clinical response to cytotoxic drugs 

in adult patients with the lung cancer and in PDX models 

generated from these patients (Fiebig, 1985).Fragments of tumors 

removed directly from patients are implanted into 

immunodeficient mice, most of them in chemonaive condition, and 

generally retain the histological characteristics of the parental 

patient tumors. Number of studies revealed that PDX models 

preserve mutation profiles as well as the response patterns to 

targeted therapies (Fiebig et al., 2001; Uronis et al., 2012; 

Guerreschi et al., 2013).However there are some limitations of 

PDX models. It normally takes 4 to 8 months to develop a PDX 

model, many times cancer patients does not have this much time to 

wait. Another limitation is some PDX models show critical post-

therapeutic tumour characteristics, such as residual disease and 

tumor relapse. Aprt from this stroma and tumour tissue comes 

from different biological sources that leads to poor interaction 

between them. 

 

Transgenic /knock out/ knock in animals 

Gene manipulation technique; 

It is important to note that many human diseases either 

do not exist in animals or are only developed by ‘higher’ 

mammals. This fact minimizes the option of animal models of 

human diseases, apart from this use of higher animals requires 

more money. Spontaneously developed animal models of these 

diseases do not exist (Pinkert, 2002). Earlier research of mouse 

genetics was based largely on spontaneous mutations that would 

arise in mouse breeding colonies (Alfred et al., 2012). Thereafter, 
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researchers used genetic approaches used in radiation and 

chemical treatments to induce mutations. The advance in gene 

manipulation techniques have lead to the creation and use of 

genetically engineered laboratory mice and rats. These animal 

models are being used as powerful tools for cutting edge studies of 

human disease research including the drug discovery and 

mechanistic studies.  

It has given scientists detailed insight about how genetic 

variations among humans can affect many aspects of disease risk 

and progression as well as about response to various treatments. 

Efforts of Martin Evans (Evans and Kaufman, 1981), Oliver 

Smithies (Smithies et al., 1985), and Mario Capecchi (Thomas et 

al., 1986) led to techniques of generating mouse models with 

gene-specific changes. This strategy is collectively known as gene 

targeting which ultimately lead to the generation of knockout 

mice.  

Transgenic animals are only those that carry foreign 

DNA within their own genome or existing DNA altered, knock-ins 

or knock-outs in whom specific genes of interest are inserted or 

made inoperative while the more recently developed knock-downs 

animals in which silencing of genes is achieved by insertion of 

DNA-constructs coding for specific small interfering RNAs or by 

antisense technology (Ariane et al., 2009). The term ‘transgenic’ 

was coined in 1981 by Gordon and Ruddle (Gordon and Ruddle, 

1981).The availability and use of knockout and transgenic mice 

are widespread, and it is now possible even to hire biotechnical 

companies to produce designer mice. The next generation of mice 

with temporal and/or tissue-specific control of particular genes is 

on its way and will soon replace the earlier models of knockouts 

and knock-ins (Emilie, 2004).  

Examples of mice developed by gene manipulation 

technique are; FGF5 mice (fibroblast growth factor) knockout 

mice having long angora like hairs and p27 knockout mice, which 

is bigger than normal mice. Larger size of p27 mice is not because 

of obesity but because of the increase in the skeletal structure 

(Keiko et al., 1996). Effect of target blockade by new therapeutic 

drug molecules can be estimated in knockout mice model than in a 

wild-type mice in order to know the efficacy or adverse  effects 

(Bussiere et al., 2009).At present, the most common approaches 

used for genetic manipulation are; DNA microinjection, retrovirus-

mediated gene transfer, and embryonic stem (ES) cell mediated 

gene transfer. Use of transgenic/knock out/knock in animals will 

help researchers in identifying new drug targets, in disease 

modelling and in future may help in replacing non human 

primates.  

Transgenic animals are produced primarily through: (i) 

germline modifications of gametes; (ii) microinjection of DNA or 

gene constructs into zygotes; (iii) incorporating modified cells, 

including embryonic stem (ES) cells into later stage embryos. 

Approximately, 11,000 genes have been knocked out in mice, 

which accounts for roughly half of the mouse genome (Vogel, 

2007; Sikorski and Peters, 1997). Researchers worldwide are 

rigorously exploiting approaches like gene targeting and gene 

trapping, to make a knockout mouse for all of the 25,000 mouse 

genes (Grimm, 2006).The major drawback of such gene 

manipulation techniques is that the same gene mutation can 

produce variable symptoms even in different mouse breeds 

(Ulatowski et al., 2004). One of the important uses of transgenic 

animals is to produce biologically active proteins which are used 

as bioreactors instead of traditional bacterial and cell culture-based 

systems. The use of animal transgenesis is an important 

contribution to drug development particularly for complex 

molecules. Transgenic animal models for human xeno 

transplantation remain a promising option for overcoming severe 

donor organ shortages. Researchers all over the world will 

continue to address the biological barriers that are yet to be 

removed (Lam, 2005; Yamada, 2005).Transgenic animals have 

been widely used for the study of basic and mechanistic research 

and to study physiological processes, but their use in safety 

evaluation studies is minimal. Researchers look forward that with 

the recent drafting of an Organisation for Economic Co-operation 

and Development (OECD) guideline for transgenic rodent 

mutation assay (Lamber et al., 2008), the transgenic mouse models 

in combination with the traditional 2-year cancer bioassay in rats 

(EC, 2006; Wells and Williams, 2009), and other advancements, 

there will be a more active use of transgenic animals for 

toxicity/safety evaluation studies and hence for the risk assessment 

programme.Tg26 HIVAN mouse model was the first transgenic 

model developed in 1991 to study Human Immuno Deficiency 

Virus (HIV) ( Rosential et al., 2009). Models like beta receptor 

knockout mouse and uncoupling protein (UCP1) knockout mouse 

to study antidiabetic molecules were also developed (Srinivasan  

and Ramarao, 2007;  Henson and Timothy, 2006). Mouse models 

using transgenic technology were also developed to study 

angiogenesis, arterial stenosis, atherosclerosis and thrombosis 

(Snaith and Tornell, 2002). Atherosclerosis is one of the emerging 

diseases because of modern lifestyle. Researchers all over the 

world have developed several genetically modified and transgenic 

animal models that replicate human atherosclerosis. Genetically 

modified mice have been used widely used to study 

atherosclerosis, among them are LDL-r-KO mice (Bombo et al., 

2013) and E-KO mice (Cleverley et al., 2013).  

 

CRISPR-CAS9 mediated genome engineering technique: 

CRISPER-CAS9 stands for Clustered regularly 

interspaced short Palindromic repeats and CAS9 is an RNA-

guided DNA endonuclease enzyme associatedwith the CRISPR. 

Techniques mentioned earlier for the production of genetically 

modified animals are complex  and requires more time. Recently 

CRISPR-CAS9 mediated genome engineering technique is being 

used for the production of genetically modified laboratory animals.  

It allows production of knockout, knock-in or conditional 

knockout mice by direct pronuclear injection in embryos. Genetic 

modification can be performed in any strain for which pronuclear 

injection is possible, thus eliminating the need for ES cells and 

backcrossing. With the help of this techniques genes on the same 

chromosome can be mutated simultaneously, avoiding the need for 

double targeting of ES cells (Randall et al., 2014) 

https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Endonuclease
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/CRISPR
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Table 1 illustrates some of the animal models and 

methods to develop them. 

 
Table 1: Animal models for important diseases and methodologies for 

effective model development.  
 

 

 
Uncertainty in predictability of certain animal models 

Certain toxic effects of drug molecule cannot be 

predicted by the classical animal model, which frequently leads to 

failure of drug candidates as a result of toxicity in clinical trials 

(Stevens, 2006). Different chemicals/molecules exhibit variable 

sensitivity in different species. Morphine shows strong emetic 

tendency in dogs, while it does not have this effect in rats, and its 

effect in humans is minimal (Ernst et al., 2009). Such species 

variation leads to questions about predictability of certain animal 

models. These are the alarming questions in a safety evaluation 

research. Similarly, mimicking of human disease in animal has 

showed some poor predictability. Inability to show correlation 

between some animal efficacy studies and human clinical 

outcomes is believed to be due to shortcomings in experimental 

design and conduct, as well as reporting results (Everitt, 

2015).Federation of European Laboratory Animal Scientist 

Association (FELASA) working group has suggested key 

questionnaire (Smith et al., 2007). This questionnaire if 

scientifically well addressed may increase predictability of animal 

models. These questions are; 

1. Are the aim and objective original, realistic and timely? 

2. How will the results will add to the existing knowledge?  

How will they be used? 

3. How is the work related to previous and ongoing work in 

the research group and elsewhere? 

4. Choice of animal model and scientific method adopted  

5. Experimental design 

6. Competence of staff 

7. Appropriate facilities 

8. Reporting and communication of results 

The animal model selected or developed should be 

justified based on the biochemical, pharmacological and clinical 

observations which are already available. Nature of 

pharmaceutical molecule and its physicochemical properties also 

affects the choice of the model. Specific aspects of study may 

require different models to study them; such as the self-

administration paradigm and conditioned place preference models 

(Panillio and Goldberg, 2007). Sometimes clinical trials fails even 

if conducted on large scale fails either because they are unable to 

detect uncommon findings or because the sample size of 

population was not representative of actual population (FDA CPI, 

2004). Research in neuroscience has low predictability using 

animal models. Reasons for this could be, (1) inability to 

accurately assess clinical signs like  dizziness, hallucinations, etc. 

in nonclinical species; and (2) differences in blood–brain transport 

between healthy nonclinical species and human subjects that have 

a disorder compromising the blood–brain barrier. Another area 

where toxicity prediction is lower is the hepato-biliary toxicity. 

Drug-induced liver injury has been noted to be a frequent cause of 

failure of clinical trials and post-approval withdrawal (U.S. Food 

and Drug Administration, FDA, 2009). It is important to note that 

safety evaluation of small molecule NCEs is highly predictive of 

parameters like hematologic, gastrointestinal, and cardiovascular 

toxicities while there is a lower predictability of cutaneous, 

neurological and hepatobiliary toxicities (Olson et al., 2000). 

Animal models of human disease may result in improved 

assessment of human relevance in some instances, primarily by 

helping to understand the mechanism of toxicity once a particular 

toxicity has been identified. It is to be believed that even the 

optimal use of animal models of disease in nonclinical testing will 

not result in a 100%  predictability or understanding of toxicities 

that may be encountered in a clinical setting  (Sherry et al., 2012). 

Malignancies, Alzheimer’s disease (AD) or osteoarthritis are 

diseases of the elderly population and thus investigations of new 

drug candidates in young animals for these diseases can give 

misleading results (Bouchlaka et al., 2013). Animal models when 

carefully selected, designed and conducted are an important part of 

any translational drug development strategy. Their translational 

value can be further enhanced when combined with other 

translational tools such as quantitative systems pharmacology, 

biomarkers or experimental clinical trials (Tinneke et al., 2014). 

Troglitazone is drug molecule which was taken by over 1 million 

people with less than 1% suffering liver failure. However it was 

withdrawn because of the side effect of liver failure (U.S. Food 

and Drug Administration, FDA, 2009).It is important to note here 
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that animal studies of Troglitazone failed to reproduce liver 

failure. A survey was conducted by Japanese Pharmaceutical 

Manufacturers Association in 1994 about 64 marketed drugs in 

Japan. Interestingly they found that 39/91 (43%) clinical toxicities 

were not a predictive forecast from animal studies (Igarshi, 1994). 

In the history of drug development in the world, Thalidomide 

disaster proved one of the eye openers for regulators all over the 

world. Thalidomide was a drug used to counter vomiting tendency 

during pregnancy in women in the late 1950 and early 1960s. The 

children of some of these women were born without limbs, a 

condition known as phocomelia. The teratogenic effects like 

deformities in limb and other effects were attributed to 

thalidomide. Approximately 10 strains of rats, 15 strains of mice, 

11 breeds of rabbits, 2 breeds of dogs, 3 strains of hamsters and 8 

species of primates in which thalidomide has been tested revealed 

sporadic response (Schardein, 1976). The thalidomide episode led 

to the adoption of requirements for the systematic testing of 

pharmaceutical products for developmental toxicity prior to 

marketing. Rofecoxib is another drug withdrawn from market 

because less than 1% of people those took Rofecoxib experienced 

a heart attack or sudden stroke (Topo, 2004). Another striking 

example about variable predictability is GM mouse. Genetically 

modified mouse model having same mutations was developed to 

study cystic fibrosis of humans but the mice developed different 

symptom patterns as compared to humans (Ameen et al., 

2000).Biotechnology-derived pharmaceuticals are the emerging 

area in pharmaceutical development. Principles of safety 

evaluation are not different than for NCEs but the practices have 

differed based on product attributes (Cavagnaro, 2002). The final 

drafting of agreement on the ICHS6 guideline “Preclinical Safety 

Evaluation of Biotechnology-derived Pharmaceuticals” was 

reached at the 4th ICH meeting in Brussels in July 1997. The 

guidance emphasizes that “toxicity testing in non-relevant species 

may be misleading and are discouraged.” For biotech products, 

selection of the test species is usually accomplished by an in-vitro 

comparison of binding affinity or functional activity of the product 

in human and animal cells, followed by in-vivo demonstrations of 

pharmacological activity or cross reactivity in that test species 

(ICH S6, Joy Cavagnaro, 1997).  

 

Alternatives to rodent and non rodent studies 

Increased understanding about cellular, molecular and 

physiological mechanisms has lead to precise early understanding 

of disease state. Based on these understandings, we can now study 

in-vivo and in-vitro safety biomarkers at very early stage. Such 

biomarkers can often serve as the basis for earlier humane 

endpoints to avoid or reduce the duration and severity of pain in 

animal studies. This entire approach has subjected scientists to 

think of alternatives for in-vivo studies using animal models. In-

vitro approach has become more popular in recent time. It includes 

use of sub-cellular fractions, tissue-slices, organs perfused using 

certain fixatives and cell cultures including human tissue culture 

for prediction of toxicity testing and for mechanistic studies. In-

vitro approaches are routinely used for preliminary screening of 

potential drug molecules as well for chemicals to evaluate their 

safety/toxicity and efficacy (Shay and Wright, 2000; Steinhoff et 

al., 2000).Use of mathematical and computer modelling like 

molecular modelling is proving very helpful for drug discovery, 

precise development of drug molecule, structure-activity 

relationship of a drug versus the biological activity of a drug. 

Apart from this, physiologically based pharmacokinetic modelling 

(prediction of disposition of xenobiotics and their metabolites by 

integrating species-specific physiological parameters and specified 

computer programs to study anatomy, physiology and other 

processes for education and training purposes are now more 

popular (ICMR, guidance document, Use of animals in scientific 

research, 2000). Recent advances in human genome sequencing 

project and bioinformatics has established itself as an essential tool 

in target identification. The in-silico analysis of gene expression 

and gene function are now an integral part of it facilitating the 

selection of the most relevant targets to study particular disease 

(Georg, 2001).Such software programs helps to make a new drugs 

for the specific binding site and then in final stage animal testing is 

done for  confirmatory results (Vedani, 1991).Lower vertebrates 

can be an good option because of the genetic similarities with 

higher vertebrates including mammals. Moreover, there are less 

ethical problems involved in the experimental use of lower 

vertebrates (Doke, 2015). Nearly 75% of the genes involved in 

human diseases are believed to have a functional homolog in the 

Drosophila melanogaster (Reiter et al. 2001; Wilson-Sanders, 

2011). C. elegans is also is being used to study as a alternate 

model to study various neurological disorders like Huntington’s 

disease, Parkinson’s disease and Alzheimer’s disease (Driscoll and 

Gerstbrein, 2003). Apart from this, these are also being used to 

study various immune disorders as well as to study cancer and 

diabetes (Faber et al., 1999; Link et al., 2001). Most recent 

technologies like the in-vitro whole embryo culture test and 

zebrafish have been used to study the mechanism of action of a 

drug molecule.  

To obtain an insight into mammalian physiology 

advanced molecular techniques and use of an alternative test 

system like zebrafish are becoming more popular. Recent 

advances in gene expression techniques like real time PCR, 

microarray, analysis of SNP and omics technologies has made it 

possible to minimize use of laboratory animals. Zebrafish can be a 

good surrogate animal model to study cardiovascular toxicity (Zon 

and Peterson, 2005). Amphibian models can be used effectively 

for developmental toxicity studies (Song et al. 2003). Many 

prokaryotic organisms and eukaryotic cell-based systems, using 

bacteria (e.g., Escherichia coli) and yeast (e.g., Saccharomyces 

cerevisiae) have achieved milestones in basic research. Studies in 

E. coli have greatly contributed in the field of molecular biology, 

recombinant DNA technology and genetic engineering. 

 

Animal ethics issues 

In experiments involving laboratory animals, they are 

exposed to  various invasive procedures, which includes surgeries, 

traumatic injuries, burns, force-feeding, bleeding, biopsies, food, 

http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0190
http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0200
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http://www.sciencedirect.com/science/article/pii/S0165614700015844#200023719
http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0210
http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0170
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http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0055
http://www.sciencedirect.com/science/article/pii/S1319016413001096#b0120


 Siddiqui et al. / Journal of Applied Pharmaceutical Science 6 (05); 2016: 198-209                                          205 
 

water, and micro as well as macro environmental change, sedation, 

prolonged restraint, behavioural manipulations, viral and bacterial 

infections, and exposure to toxic drugs and chemicals. With the 

introduction of the concept of 3Rs (Replacement, Reduction, 

Refinement) and humane treatment in experimentation involving 

animals (Russell and Burch, 1959), enormous pressure is being 

mounted to minimize the usage of animals in all sort of 

experiments. The definitions of famous 3r concepts are; 

Refinement: Decrease in the incidence of severity of inhumane 

procedures applied to those animals which are used. 

Reduction: Reduction in the number of animals used to get 

information of given amount and precision. 

Replacement: Substitution of conscious living higher animals with 

insentient material 

Following are the national and international guidelines/regulations 

which are to be followed before undertaking any in-vivo study; 

1. PCA Act- 1960 (amended in 1982)      

2. Laboratory animal ethics and technology, Central Drug 

Research Institute, Lucknow - 1991          

3. Breeding and Experiments on Animals (Control and 

Supervision) Rules (CPCSEA) Dec.1998, amended in 

Feb.2001 & Jan. 2006 

4. INSA Guidelines for Care and Use of Animals in 

Scientific research- 1992 (revised in 2000) 

5. ICMR’s Guidelines for use of Laboratory Animals in 

Medical Research -2001 

6. ICMR’s Guidance document on Humane Care and Use 

of Laboratory Animals-2006 

7. Animal Welfare Act (2011,Draft ) 

8. Good Laboratory Practice (GLP) 

In-vivo experiments are must, however they should be performed 

with utmost scientific care and for legitimate purposes, every 

reasonable effort should be made to minimise pain or discomfort 

to animals undergoing experimentation. The non-human animals 

have a right to enjoy these welfare measures. These goals are 

highly achievable simply by two major approaches; husbandry 

conditions, which includes the effect of space, diet, social isolation 

and environmental conditions including noise, light and species 

wise housing of animals. The second one is the scientific 

procedures involved in experimental research like handling, oral 

dosing, injections, withdrawal of body fluids, withdrawal of food, 

etc. 

 

CHALLENGES 
 

Animal models of majority human diseases mimic only 

certain aspects of disease and do not fully represent the 

pathophysiology of the human disease state. Studies of penicillin 

on laboratory animals showed that penicillin was ineffective at 

treating infected rabbits (and was actually toxic to guinea pigs), 

thereafter it proved safe and effective for treating bacterial 

infections in most humans. Even data collected from experiments 

on aspirin could not be accurately extrapolated from animal 

studies to humans, as it causes birth defects in mice and rats, but is 

harmless to the human embryo. According to Dr. Richard 

Klausner  scientists have cured cancer in mice for decades but we 

failed to cure in humans (Cimons, 1998). Potential drugs are often 

required to be tested in at least two animal species in preclinical 

trials before moving on to human clinical trials (Brewer, 

2007), however only around 5% of drugs that show potential in 

animal studies ever get licensed for human use (Waters, 2011). 

Even with genetic engineering, animals are still proving to be poor 

models for humans.  One reason why animal experiments often do 

not translate into replications in human trials or into cancer 

chemoprevention is that many animal experiments are poorly 

designed conducted and analyzed. Another possible contribution to 

failure to replicate the results of animal research in humans is that 

reviews and summaries of evidence from animal research are 

methodologically inadequate (Bracken, 1992). Several limitations 

of xenograft models have been recognized. Transplant models do 

not replicate interactions of tumor mass and stroma, either because 

tumor cells are not implanted at their native site or because human 

cells may fail to respond to signals derived from the mouse stroma 

(Latifa and Erwin, 2013). For many diseases like mood disorders, 

multiple sclerosis, asthma, and Parkinson's disease, the 

pathogenesis is multifactorial and often poorly understood. A 

potential problem with safety assessment is the condition that the 

disease itself or the protocol followed to induce the disease, results 

in confounding effects that are not related to the test article. 

Unavailability of historical controls could hamper the 

interpretation of results (Peter et al., 2015). Validation of animal 

model is another important challenge. An animal model is 

assumed to be valid, if it “resembles the human condition in its 

etiology, pathophysiology, symptomatology and response to 

therapeutic interventions” (Van and De, 2006). Robust initiatives 

have been launched to encourage the use of more accurate animal 

models in both industrial and academic research. Regulatory 

authorities from Europe and US have released guidelines which 

throws light on the key characteristics of an approved animal 

model. These guidelines are intended for use by those seeking 

approval or a licence for drugs or biological products. New 

stringent regulations pertaining to the animal welfare are becoming 

crucial during the development and utilization of GM/Transgenic 

animals (Sauer et al., 2006).Newer trends enlisted in Figure 4 are 

putting more challenges for in-vivo approaches. 
 
 

 
 

Fig. 4: Current trends in therapeutics research.  
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206                                                                Siddiqui et al. / Journal of Applied Pharmaceutical Science 6 (05); 2016: 198-209 

 

FUTURE PERSPECTIVES 
 

The ultimate goal of experimental research using animal 

models is to get solution for therapeutic and prophylactic treatment 

of any disease as well as to develop new methods and approaches 

for diagnostics (Isselhard, 1986). Transgenic and knock out 

models have become frontrunners of choice in drug research, for 

validating the cellular and molecular mechanisms of disease, the 

creation of novel therapies, and the redefining of existing 

therapeutic strategies. Thus, the role of animal models should be 

not only in drug discovery and development research but also in 

training, educating the researchers/students with latest techniques 

to develop better understanding about diseases and their possible 

cure. It’s clear that to develop more precise and predictive animal 

models used in experimentation we will require multidisciplinary 

approach which should involve scientists from clinical and basic 

sciences right from the beginning. So that we can identify common 

hurdles and pathways for improving model systems for the 

evaluation of therapeutic efficacy and toxicity in areas of 

biomedical as well drug research. While developing or selecting 

model for particular study, one has to keep in mind the concept of 

the model and its background from genomic and physiological 

aspects with respect to the molecule under consideration. Apart 

from this, the availability of target as well as intended use and 

target population are also key factors. There are certain hard 

realities of in-vivo research wherein mammals and even transgenic 

animals are being used. Laboratory mice have now become the 

widely used species in drug research. It is important to understand 

that at least 67 known discrepancies do exist in immunological 

functions between mice and humans. It is important to note that 

both these species diverged between 65 and 75 million years ago 

(Mestas and Hughes, 2004). When marmoset was used as model 

for Parkinson’s disease, a specific  chemical, was injected into the 

brains of marmosets, which developed symptoms such as tremor 

and movement difficulties in them, however in addition to this, 

other symptoms like  head-twisting and body rotation do 

developed  (Schober, 2004). It is also interesting to note that 

healthy marmosets  start sudden and gradual improvement over a 

period of time; on the contrary the onset and progression of 

Parkinson’s disease in humans is gradual, of unknown etiology 

without any spontaneous trend of recovery. Since several years 

research on AIDS is being carried out using a virus similar to 

humans but not the same as the human virus. Such vaccines have 

prevented infection in these primates but failed to protect humans: 

at least 85 candidate vaccines have been tested in 197 clinical 

trials (Bailey, 2008) but none has been effective (Buckland, 2008). 

 

CONCLUDING REMARKS 
 

Despite of some physiological and immunological 

differences between mice and humans (Mestas and Hughes, 2004), 

genomic sequencing has now indicated that of ~30,000 genes in 

both mice and humans only 300 (i.e., 1%) are unique to either 

species (Waterston and Lindblad, 2002). Current animal models 

are helpful to answer many questions and discovery of new 

molecules but at the same time drug résistance, animal ethics 

issues and higher costs and development or selection of proper 

animal remains a challenge in the light of newer areas like 

nanomedicine, biopharmaceuticals, and herbal medicine. It is 

obvious that laboratory animal systems as a model are necessary 

for predictive research. Intended use of drug molecule, its 

proposed route and target population are the key factor for 

planning in-vivo experiments. To invent promising therapeutic 

strategies it is indeed required to improve the understanding of the 

disease and derive better therapeutic strategies for diseases like 

cancer with more precise approach using small laboratory animals. 

The challenges faced while using animal models for human 

disease mimicking are because of the metabolic, anatomic and 

cellular differences between humans and other laboratory animals. 

Importantly, another reasons are; researchers often use incorrect 

statistical methods, adopt an arbitrary methodology and reluctant 

to publish negative results. Key issue in In-vivo research is 

validation of models. A significant no of drug molecules fail in 

clinical trials because the model was biologically invalid. Genetic 

manipulation techniques have made possible to manipulate genes 

of interest of rodents and other species to get greater insights into 

human disease pathogenesis. Particularly, variations in gene 

expression and/or protein structure/function are now considered as 

the root causes of disease. Over the period of   hundred years, 

approximately all medical inventions in human and animal health 

are the result of the research conducted using animals. The use of 

animals in research has now become an integral part of drug 

discovery and development programme. Sophisticated and 

effective methods for diagnosing and treating diseases affecting 

both humans and animals are the result of animal research. 

Various disease processes and their pathogenesis are understood 

only by animal research. However reality is that, still we are far 

from generating ideal animal models for most human disease 

states.  

Even model systems with more phylogenetic similarity to 

humans, like primate models, fail to predict what happens in 

humans. Nucleotide difference between chimpanzees and humans 

is of only 1–2%, however this minor difference results in 

variations/alterations of around 20%, in terms of protein 

expression (Glazko et al., 2005), and representing a marked 

phenotypic difference between the species use of animal models in 

translational research is unavoidable. Selecting proper animal 

system and development of animal model that mimics the human 

disease has to be done carefully. Through understanding of 

pathophysiology of human disease, proposed mechanistic studies, 

scientific planning and execution of experiments, data 

interpretation and selection of relevant species will minimize the 

errors in results. 
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