
Abstract: The discovery of new drugs involves their testing on animals for efficacy as well as safety before the approval. 
Millions of animals are being sacrificed to fulfill this need. But experimentation on animals during the past years has created a 
matter of attention to the Institutional Animal Care and Use Committee (IACUC) for better care and handling of animals. The 
main aim of these committees is to reduce and finally exclude the animal use from the area of research with appropriate 
alternatives. Various alternative methods and organisms have been implemented and used respectively in this aspect in the 
last few years. Alternatives of animals serve the same purpose as that of utilizing whole animal for testing. The techniques 
such as in vitro method, computer model, stem cell, alternative organisms, use of biotechnology etc. might eventually replace 
the use of animals for testing and these approaches may provide an insight to minimum utilization of animals in s cientific 
research. Some alternatives of animal testing have been discussed in this article with some examples.
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INTRODUCTION
Animals are used for various purposes including research 
purposes and medical technology development. Mice, rats, 
guinea pigs, hamsters, rabbits, dogs etc. are commonly used 
since long time for research purposes. Monkeys and birds are 
also used in some research purposes (Baumans, 2005). These 
animals are used in various drug screening and toxicological 
studies to develop new methods of treatment for infectious 
and non-infectious diseases and to understand the effect of 
several procedures of medical strategies and surgical 
experiments. Additionally, animals are also used in 
production of vaccines and antibiotics for diagnosis and 
treatment purposes of different diseases, predicting toxicity 
and other safety variables. Sometimes animals are euthanized 
to avoid later pain and distress after experimentation 
(Rusche, 2003). Several observational and experimental 
research provide evidence that animal suffer from physical 

and psychological pain, which is possibly neglected during 
animal research. The pain, distress and discomfort 
experienced by animals are critical debating is sue for a long 
time. 

The ethical and scientific issues covering animal research 
rarely taken into underhand in organized and balanced forum 
despite of the vast debate of this forum. In addition to the 
concern of ethics, skilled man power requirement, time 
consuming protocols and high cost are also the disadvantages 
of using animals (Balls, 1994). Millions of experimental 
animals are used all over the world in every year. About 3.71 
million animals were used for research in UK in the year 
2011. The total number of animals used in Germany was 
about 2.13 million in 2001, while it was estimated about 1.13 
million in USA in the year 2009 (Rusche, 2003). This huge 
population of experimental animals usually comes from the 
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breeding centers located in various Universities and National 
breeding centers. Considering the cruelty and discomfort 
during experimentation on animals, scientist moved on to 
think about different methods and alternatives of animals for 
disease study and testing of different drugs or products 
(Hendriksen, 2007, 2009; Giacomotto and Segalat, 2010). 

Benefits of using animal alternatives
The alternatives used for animal testing are cost effective, 
easier, effective and reliable. Animal testing replacement 
does not put the patient at risks or hindering the medical 
progress. In spite of that, animal testing replacement will 
bring improved quality and humaneness in our science. 
Moreover, result of toxicity testing in human tissues is more 
accurate than of animal models. These are more practical, 
expedient and last not the least to believe that cruelty free 
products are more environmental friendly.

Various alternatives of animals testing

1. Computer (in silico) models
Computer model helps to design new medicine, studying of 
human and animal body structure and functions, 
cardiovascular risk, toxicological studies, body metabolism 
etc. This technique has value only when the representation of 
biological effect is done by known equation. These computer 
models do not form new information but they only simplify 
the ample amount of data and hypothesis to be tested. The 
findings obtained from in silico technique require their 
confirmation in whole animals (Roncaglioni and Benfenati, 
2008). Computer Aided Drug Design (CADD) software is 
used to detect the binding site of a drug molecule. So, this is 
having advantages of avoiding the test of unwanted 
molecules possessing no efficacy and helps in reducing the 
use of number of animals. In CADD, target is first identified 
by different methods of genetics, molecular biology or 
bioinformatics. Thereafter, structure determination is done 
by X-ray crystallography and Nuclear Magnetic Resonance 
(NMR) spectroscopy. Biological assays are done by 
Molecular Modeling and Computer graphics. Synthetic 
chemistry of target is determined by Peptidomimetics and 
Combinatorial chemistry and clinical trials are finally made 
in the last (Kore et al., 2012).

Structure-based and ligand-based methods are the two 
general categories of CADD. In structure-based method, 
calculations of interaction energies of all the tested 
compounds are done on the basis of information of structure 
of structural protein. It is mostly preferred for soluble 
proteins which can be readily crystalized and having 
availability of high-resolution structural data of target 
protein. The main goal of structure-based CADD is to design 
the compounds that tightly bind to the target (Jorgensen, 
2010). In ligand-based method, knowledge related to known 
active and inactive molecules are exploited by chemical 
similarity searches or by construction of predictive, 
Quantitative Structure Activity Relationship (QSAR) models 
(Kalyaanamoorthy and Chen, 2011). This method is 

generally preferable for membrane protein targets, when 
negligible or little information about the structural protein is 
available. QSAR is used to predict the biological activity of a 
drug molecule (Knight et al., 2006). In QSAR-based drug 
discovery project, different groups of active and inactive 
ligands are first collected and then set of mathematical 
descriptors are created which describe the structural and 
physiochemical properties of the collected compounds. 
Further, a model is generated to identify the relationship 
between those descriptors and their experimental activity, 
which maximizes the predictive value (Zhang et al., 2011). 
These computer models are good in predicting the 
carcinogenic and mutagenic property of a drug. Molecular 
structure of drug that is protease inhibitors has been designed 
by computer data base to perform testing in human tissue 
cultures for the purpose of development of treatment in HIV 
patient.   

2.  In vitro testing 
In vitro testing can be used as an important alternative of 
animal testing. In this, cell, tissue and organ of different 
animals are taken outside and grown in vitro in laboratory 
environment under suitable growth condition for a period of 
few years. Although, animals are needed for these in vitro 
systems, but in this they experience pain, distress and 
suffering for a shorter period of time in comparison to whole 
animal testing. This is because animals are sacrificed before 
experimentation. The benefits associated with in vitro 
cultures system are that different organs can be collected from 
a single animal, which makes a perfect use of whole animal, 
easy to perform, consume less time and less expenditure 
required.  In in vitro culture, animal cells are isolated and 
grown over the surface of culture plate as a monolayer. 
Cellular enzymes and membrane component can also be 
utilized. Although cell or tissue culture method has 
minimized the use of intact animals for experimentation, but 
still animal-derived serum are required for the maintenance 
of these cells in culture. Approximately, every year one 
million fetal cows are sacrificed to produce the fetal bovine 
serum to supply all over the world for the growth of cultured 
cells (Brunner et al., 2010). These methodologies are used in 
drug research, preliminary screening of chemicals, drug 
molecules, cosmetics etc. to evaluate their efficacy and 
toxicological effects (Shay and Wright, 2000; Steinhoff et al., 
2000).  Additionally, these techniques are also used in testing 
of newly produced chemicals and drugs on skin of human, 
toxicological studies and production of monoclonal 
antibodies. The isolated components also have disadvantages 
and the limitations of in vitro testing deals with its inability to 
generate complete physiological response of whole 
organism. It is because the components on isolation from the 
animal become undifferentiated and unable to pursue their 
special functional capacity. Secondly, it is impossible to 
determine the variable effects associated with the route of 
exposure due to which test results may be affected. 

Eye irritancy test
Earlier, a test named as Draize test was used to check the 
irritancy of chemicals in eye. This test requires a new animal 
(especially rabbit) for each experiment and it is a very painful 
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process. Considering this pain, an alternative method named 
as bovine corneal organ culture have been developed for in 
vitro testing the toxicological effects of chemical's irritancy 
(Xu et al., 2000). Whole eyes of bovine used for in vitro 
testing are readily obtained from slaughter house (Burton 
et al., 1981). Additionally, several types of cell cultures such 
as rabbit and human corneal cells, cells of human hepatoma, 
hamster fibroblast and mouse macrophages are also used for 
in vitro eye irritation test (Nardone and Bradlaw, 1983; 
Shopsis et al., 1984). 

Skin corrosion and irritation
In vitro techniques are also used to find the toxic effects of a 
substance to skin on topical exposure. Uses of human skin 
equivalent tests are being adopted in place of corrosive and 
irritating studies on skin of animals. Cells of human skin have 
been cultured to produce human skin models such as 
Epiderm,  Episkin and Skin Ethic RHE. These replacements 
have been accepted worldwide including Canada and 
European Union. European Union has accepted another 
method to measure irritation of skin and dermal corrosion to 
replace Draize rabbit skin test in which Human epidermal 
keratocytes is cultured to mimic the human epidermis 
(Schäfer-Korting et al., 2008).   

Skin absorption
Percutaneous absorption and everted sac methods are some in 
vitro techniques of absorption testing (Arora et al., 2011). 
Several tissue culture methods which measure the rate of 
chemical absorption by the skin have been approved by 
Organization for Economic Cooperation and Development 
(OECD). Excised skin from different sources including 
human is collected and proper care is taken, avoiding damage 
to the stratum corneum, so that permeability of skin is 
maintained through diffusion barrier after excision from the 
body. It has been proved that skin has the capability to 
metabolize some of chemicals during percutaneous 
absorption (Bronaugh and Maibach, 1991). Test substance, 
including radio-labeled substance, is applied on skin surface 
sample which separate the two different chambers of 
diffusion cells. The test substance remains on the skin for a 
definite time under a specific condition until removed by a 
suitable chemical. The fluid of receptor is collected at 
different point of experiment throughout the experiment and 
test chemical is analyzed. Finally distribution of test 
chemicals and its metabolites are quantified using a 
ppropriate methods. Analysis of receptor fluid and treated 
skin is done to determine the absorption of the test substance.  

Phototoxicity
Phototoxicity is a condition in which toxicity of drugs and 
chemical occurs following exposure to sunlight. OECD has 
approved 3T3 neutral red phototoxicity test in which mouse-
embryo derived cell lines are used to measure the degree of 
cell toxicity of the cultures or to compare the cytotoxicity of a 
chemical in the culture after exposure, in the presence and 
absence of ultraviolet-A light (Ranganatha and Ku ppast, 
2012). There is concentration-dependent decrease of uptake 

of 3T3 in the test animal after the treatment with the test 
substances and UV-A light and degree of cytotoxicity is 
measured in this test (Borenfreund and Puerner, 1985). 
Neutral red is a weak cationic dye that readily accumulates in 
lysosomes by penetrating cell membrane in normal condition 
but in xenobiotic toxicity, alteration of cell surface receptors 
occurs causing lysosomal frangibility and other changes.

As a result of such changes of xenobiotic, there is decrease 
uptake and binding of neutral red. 3T3 cells are maintained in 
culture in monolayer formation to a period of 24 h and pre-
incubation of 96 well plates per test chemicals with eight 
different concentrations of test chemicals is done for 1 h. 
Further one plate is exposed to non-cytotoxic irradiation dose 
and the other one is placed in dark. Then, treatment medium 
of both the plates is replaced by culture medium and cell 
viability is determined by uptake of neutral red after an 
incubation period of 24 h. 

Pyrogenicity
Sacrificing of crabs and rabbits to study the fever producing 
products or pyrogens is avoided now days. Presently, use of 
human isolated cells, cell lines and incubation of donated 
whole blood are in demand (Ranganatha and Ku ppast, 2012). 
These can be also used to study immuno-stimulant and 
immuno-suppressant drugs.

Mutagenicity test
The in vitro mutagenicity test is done by using culturing 
mammalian cells which are exposed to toxigenic substances. 
Mouse lymphoma cell line or hamster ovary cell line are also 
generally used (Słoczyńska et al., 2014). These cell cultures 
are exposed to a test substance and surviving ability of cell is 
determined by metabolizing 8-azaguanine or 6-thioguanine, 
which indicates capability of test substance in causing 
mutation.  

Hepatotoxicity
In vitro use of perfused liver, liver cell suspension and liver 
cell cultures have been developed as an alternative, but 
limited focus has been given in this aspect. In this, viability 
period for cell is limited and it is not a reproducible 
phenomenon (Rowan and Goldberg, 1985).

Stem cells
Stem cells can be used as an alternative of animal testing in 
disease and toxicological study. Petri dish is used for the 
growth and differentiation of embryonic stem cells into 
different type of cells that leads to the generation of a human 
organ. Genes which causes disease are inserted into 
embryonic stem cells, further induced to human disease 
tissue for differentiation that can be used for drugs screening. 
These have values in assessing the toxicological effect of a 
drug. Many scientists have developed different embryonic 
stem cell line genes using the genes from Parkinson's disease, 
Alzheimer's disease and diabetes for the screening of 
different drugs so that treatment can be done. Stem cell 
models give a better alternative to study the various types of 
cancers, liver and cardiac toxicity (Bremer and Hartung, 



2004). Stem cells provide a potential for testing the drug 
toxicity in biotechnological companies and pharmaceutics to 
avoid wastage of time on several harmful substances. 
Currently, embryonic stem cells derived from human cardiac 
tissue are successfully used for toxicological testing of 
disease. Researches are going on the development of stem 
cells models of the liver (Bremer and Hartung, 2004). There 
are certain disadvantages of using stem cells as an alternative 
such as inside the organism uncontrolled growth and 
formation of teratoma can occurs. Furthermore, stem cell are 
unable to anticipate the effect of a drug's subsequent 
metabolite inside the whole living body as it throw back 
response of a single organ inside the petridish.  

Non- invasive imaging techniques
Imaging techniques such as Magnetic Resonance Imaging 

(MRI), functional MRI (fMRI), single-photon emission 

computed tomography, positron emission tomography, 

event-related optical signals, magnetoencephalography and 

transcranial magnetic stimulation allow to see the areas 

inside the body especially the brain giving us the information 

about the structure and function of brain that is impossible to 

be studied in animals (Balls, 1994). Certain limitations of 

imaging techniques are that it provides invaluable 

information and due to low resolution whole part of brain 

having different types of brain cells is seen rather than of 

individual cells.  

Epidemiologic data on humans 
Epidemiological survey on humans is a useful alternative to 

animal testing. In this, existing data or data of previously 

exposed species is studied for finding the correlation in 

lifestyle situation in populations. In the 18th century, these 

studies were used for detection of cancer in humans. Scrotal 

cancer in chimney sweeps, smoking leading to cancer, heart 

disease by high cholesterol, spina bifida in pregnancy by folic 

acid deficiency were detected by epidemiological data. 

Recently it has been reported that alcohol consumption leads 

to risk of glioblastoma (Baglietto et al., 2011). Disadvantage 

of epidemiological studies is that, a disease which develops 

after a longer period of time, human exposure can occur 

before the detection of toxic effect and it is also more or less 

expensive to perform. 

Microfluidics chips
Microfluidic chips are just 2 cm wide and have tissue samples 
from different body parts into a series of tiny chambers. These 
chambers are connected by micro-channels through which 
substitute of blood flows that mimic the pathways and 
processes occurring in the whole body parts on a micro scale 
(Bunney et al., 2003). The drug to be tested is mixed in the 
blood substitutes and circulated around the device. Chip has a 
sensor which signals feedback information for computer 
analysis. These are used for study of biological and disease 
processes and metabolism of drug. The limitation of micro-
fluiding chip is that it provides less information than whole 
body testing.

Micro-dosing
Micro-dosing is a more recent and excellent method for study 
of drug metabolism through the administration of doses of 
drugs too small to produce a cellular or pharmacological 
effect in human volunteers without producing adverse effect 
in the whole body system of human (Jenkins et al., 2002). Use 
of micro-dosing relies on accelerator mass spectrometry 
which is highly sensitive and detects pg/ml concentration of 
substances present in blood and plasma. This also detects 
individual molecules which are radiolabeled with carbon-12. 
Micro-dosing lowers the discrepancy between human and 
animal reaction to a drug. Screening out of drugs is faster and 
cheaper in micro-dosing. Limitation of micro-dosing is that it 
considers only phase 0 clinical trial of drug and full dose 
testing is required for safety, efficacy and approval of drug. 
Micro-dosing also only test small dose of drugs but unable to 
predict the pharmacological effect of higher dose of drug 
(Garner and Lappin, 2006).

DNA chips 
DNA chips are made up of glass slides in which DNA 
fragments or array of genes are fixed. These are used to study 
the pharmacogenetics of drugs so that personalized treatment 
can be done. DNA sample present in chips are tagged with a 
fluorescent dye, made in contact to a new drug, after which 
washing is done over the chip. When the gene present on chip 
get match with sample DNA, sticking occurs and formation 
of colors in a pattern of light appears. This reveals that 
experimental drug has either activated or suppressed the 
genes. Drug designing for a particular individual can be done 
by this technique (Nuwaysir et al., 1999). 

Analysis of plants
Success of plant substitution is limited in animal research. 
Moreover studies had been done to demonstrate the effect on 
certain plants due to exposure of a substance which are 
closely related to humans. Recently, effect of environmental 
contaminants such as pharmaceuticals residues on Brassica 
juncea is studied. It was found that oxidative stress 
detoxification mechanism activated and drug-induced 
defense response generated (Bartha et al., 2010).

Physico-chemical techniques
These techniques are done in vitamin and drug researches and 
help to find human responses with respect to chemical and 
biological substances (Balls, 1994). The complex substances 
are separated by Gas chromatography and identified and 
measured by mass spectrometry. Chitosan films are used as 
an alternative for animal and human cadaver epidermal sheets 
and are also used for study of preliminary in vitro permeation 
of both polar and nonpolar drugs (Rana et al., 2004). 
Currently, the antimicrobial activity of certain plants extracts 
(Thymus vulgaris, Matricaria chamomilla, Croton lecheleri, 
Calendula officinalis) is tested against the periodontal 
pathogens (Porphyromonas gingivalis and Aggregatibacter 
actinomycetemocomitans) by using chitosan films as local 
delivery systems (Rodriguez-Garcia, 2010). 
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Alternative organisms
Several model organisms are also used as an alternative of 
higher model vertebrates like rats, mice, dogs, guinea pig etc. 
due to ethical issues on these animals.

Lower vertebrates
These can be an attractive option due to less ethical issues and 
genetic relatedness of lower vertebrates with higher 
vertebrates. Danio rerio commonly known as zebra fish are 
used to detect the toxicological effects of various chemicals 
and pharmaceuticals, cancer detection, diseases of heart, 
neurological dysfunctioning, behavioral problems and 
investigation of mutations and malfunctioning in 
development of organ (Peterson, 2008). The uses of lower 
vertebrates as alternative animals also reduces the space 
requirement for performing the experiment, cost, test 
chemicals, manpower etc. (Hill, 2005).

Invertebrates
Invertebrates due to their small size, simplified anatomy, 
brief life cycle, less cost on housing in comparison of animals 
are widely preferred as an alternative of animals. Thousands 
of flies can be kept at a place where only a small number of 
mice are accommodated (Wilson-Sanders, 2011).These are 
used in the study of Parkinson's disease, muscular dystrophy, 
wound healing, dysfunctioning of endocrine and memory, 
cell aging, apoptosis, biological study of retrovirus, diabetes 
and toxicological studies (Lagadic and Caquet, 1998). 
Drosophila melanogaster, commonly known as fruit fly, have 
75% of functional homology with human genes and lower 
cost is required for its maintenance, propagation and 
screening in comparison to other models of mammals 
(Baglietto, 2011; Reiter, 2001; Gilbert, 2008). Each of four 
stages of fruit fly has been considered as a multiple model 
organism for studying different concepts (Pandey and 
Nichols, 2011). Embryo is frequently used for the study of 
cell fate determination, development of neuron, 
organogenesis etc. and larva is generally used for the study of 
developmental and physiological processes. Several 
structure such as heart, lungs, gut, kidneys and reproductive 
tract of fruit fly have functional similarity to mammals 
(Rothenfluh and Heberlein, 2002). Fruit fly is also used to 
study the human genetics, diseases and investigation of many 
neurodegenerative diseases such as Alzheimers, 
Huntingson's and Parkinson's disease (Iijima and Iijima-
Ando, 2008). Caenorhabditis elegans, a eukaryotic 
nematode, is commonly referred as a model or organism for 
research purposes due to its characteristics of simple cellular 
structure, transparency and genetically persuasion (Strange, 
2007). It is used to study certain neurological disorders, 
immune disorders, cancer and diabetes (Artal-Sanz et al., 
2006; Pujol et al., 2008). Some limitations are also associated 
with the use of invertebrates such as underdeveloped organ 
systems which do not possess an adaptive immune system.

Microorganisms
Microorganisms are mostly used for mutagenicity, 
carcinogenicity, autopsy, cell death regulators and 

toxicological studies (Madeo et al., 2002). Saccharomyces 
cerevesiae is the most commonly used microorganisms due to 
its property of rapid growth, dispersed cells, clearly 
explained genetic makeup, ease in isolation of mutant cells, 
inconstant system of DNA transformation and easy to analyze 
after its growth in large population (Mell and Burgess, 2002). 
Yeast is also used to study the endogenous or heterologous 
proteins so that the fundamental aspect of neurodegenerative 
diseases such as Alzheimer's, Parkinson's and Huntingston's 
diseases can be known (Siggers and Lesser, 2008). Fungus 
such as Cunninghamella elegans have the ability to 
metabolize different variety of drug so used for study of drug 
metabolism (Sharma et al., 2011). The fungus is also used to 
test vast variety of drugs such as diuretics, anticonvulsants, 
anti-coagulants and haemorheologic agents. Recently a 
bacteria named as Vibrio vulnificus was used to study the 
toxic RtxA 1 (RtxA 1 is a gene that encode multifunctional-
auto processing RTX, a toxin produced by Vibrio vulnificus)  
modulation  responsible for causing acute toxicity and mostly 
used for treatment of infectious diseases now a days (Kim 
et al., 2010). Benefit of using microorganism as an alternative 
are easy to handle, non-mammalian, mostly predictable 
(revealing how the development of drug is taking place), 
reduce the use of number of animals, but cannot purely 
replace them (Zurlo et al., 1983).

Dummies or stimulators
 These are mainly used to teach the surgical draping, incision 
making on animals, sterile techniques, suturing of different 
layers, assessment of jugular vein etc. 

Rubber koken rat
These are used to train the person for handling, collection of 
blood from intravenous and lateral vein and oral gavage.

Slaughter house material
Organ or tissue samples obtained from slaughter houses can 
be used for study different physiological and pharma-
cological effects of drugs.

 CONCLUSION
The animal ethics are an important issue related to human 
welfare and efforts are needed to replace the use of animals in 
experimentation. Various animal alternatives presently 
available are in urge of being implemented in effective 
manner and this will lead to less involvement of animals in 
scientific studies.  Resources available in the organization 
play pivotal role to speed up the strategies for development of 
use of animal alternatives. 

Possible appropriate alternatives can be used instead of 
animals for testing a new drug before its use in patients. Use 
of alternative methods help to minimize the number of 
animals needed for research of drug, but they will not 
completely remove the animal use from preclinical studies. 
Thus an approach should be made in practice so that 
alternative of animals can help in minimizing the use of 
animals related to animal experimentation in future. 
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