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Abstract

The objective of this review article was to examine current
and prospective developments in the scientific use of labo-
ratory animals, and to find out whether or not there are still
valid scientific benefits of and justification for animal exper-
imentation. The PubMed and Web of Science databases
were searched using the following key words: animal mod-
els, basic research, pharmaceutical research, toxicity testing,
experimental surgery, surgical simulation, ethics, animal
welfare, benign, malignant diseases. Important relevant re-
views, original articles and references from 1970 to 2012
were reviewed for data on the use of experimental animals
in the study of diseases. The use of laboratory animals in sci-
entific research continues to generate intense public debate.
Their use can be justified today in the following areas of re-
search: basic scientific research, use of animals as models
for human diseases, pharmaceutical research and develop-
ment, toxicity testing and teaching of new surgical tech-
niques. This is because there are inherent limitations in the

use of alternatives such as in vitro studies, human clinical
trials or computer simulation. However, there are problems
of transferability of results obtained from animal research to
humans. Efforts are on-going to find suitable alternatives to
animal experimentation like cell and tissue culture and com-
puter simulation. For the foreseeable future, it would appear
that to enable scientists to have a more precise understand-
ing of human disease, including its diagnosis, prognosis and
therapeutic intervention, there will still be enough grounds
to advocate animal experimentation. However, efforts must
continue to minimize or eliminate the need for animal test-
ing in scientific research as soon as possible.

© 2013 S. Karger AG, Basel

Introduction

The use of animals in scientific research has always
generated intense public debate and remains unaccept-
able in principle to some laymen as well as some scientists
even today for many reasons [1-3]. These reasons range
from the concern for the welfare of laboratory animals
used for experimentation, failure of animal models to ad-
equately represent human disease and, to some laymen
and scientists, questioning the very notion that initial an-
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imal experimentation of new drugs is of any benefit to
mankind [1-3]. However, most objective scientists and
many members of the public agree that animal research
should be permitted as long as it is carried out for good
reason, using humane conditions as much as possible,
where there are no feasible alternatives and under strict
regulation [1, 4-6]. This is because most scientists agree
that experiments involving the use of animals have great
potentials like facilitating innovation, developing plat-
form technologies and very often providing a link with
clinical trials. In addition, animal experimentation is use-
ful in exploring disease mechanisms, in validating and
testing new targets for drug research and in providing
insights into drug toxicity and interactions [5-13]. The
objectives of this review are the following: (1) to provide
a scientific basis for animal experimentation; (2) to dis-
cuss controversies surrounding animal experimentation;
(3) to describe briefly animal models available for study-
ing benign and malignant disorders, and (4) to discuss
briefly diseases suited to animal experimentation.

Evidence Acquisition

The PubMed and Web of Science databases were
searched using the following key words; animal models,
basic research, pharmaceutical research, toxicity testing,
experimental surgery, ethics, animal welfare, benign, ma-
lignant diseases. Important relevant reviews, original ar-
ticles and references from 1970 to 2012 were reviewed for
data on the use of experimental animals in the study of
diseases, with focus on urological diseases. About 161 ar-
ticles were abstracted for type of experiments, type of an-
imal models used, number of experimental animals used,
analysis and conclusions. Relevant chapters of 11 text-
books were reviewed. In addition, the websites of 19 com-
panies and societies with information germane to the top-
ic were reviewed. An assessment was made of the benefits
of the experimental animal models used and whether in
vitro study and computer simulation in some cases could
have provided an equally satisfactory model.

Evidence Synthesis

Historically, animals have been used for a wide range
of scientific research that has proved beneficial to man-
kind, particularly in relation to the advancement of sci-
entific knowledge, drug development for use in animals
and humans, training in surgical techniques, the safety of
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chemical products and, very importantly, the safe devel-
opment of vaccines [1, 5, 6]. Animal experimentation
was frowned upon by laymen and scientists primarily be-
cause of the pain and suffering to which some scientists
subjected experimental animals between the 19th and
mid-20th centuries [1, 5, 7-10]. This led to the formation
of groups of people concerned about the welfare of non-
human animals used in experimental work in many
countries of the world and forced the scientific commu-
nity to come up with regulations that ensured that ani-
mals subjected to experimentation did not suffer undue
distress or pain [13-15]. Similarly, the vehemence of at-
tacks by animal rights activists in some countries in the
1980s has led to the cessation of the use of animals for the
testing of cosmetic products, alcohol and tobacco [16].
Animal rights activists as used in this article refers to a
group of people who hold extremist views about research
involving animals to the extent that they are ready to use
violent means to stop all research involving the use of
laboratory animals (vide infra). This group should be dis-
tinguished from people concerned about the welfare of
non-human animals used in experimental work or peo-
ple with concerns for animal welfare in general [1, 14,
16]. The rise in the influence of animal rights activist
groups has also forced the scientific community to use
animals that can be easily concealed in the laboratory
(mice, rabbits, etc.) as opposed to the use of monkeys or
the great apes which are difficult to conceal [13-15]. The
other reasons for the widespread use of small laboratory
animals, particularly mice, are that they are cheap, wide-
ly available and easy to take care of and have a shorter
generation time - the generation time being the combi-
nation of gestation period, time to sexual maturity and
overall life span.

At the present time, most non-scientists (including
many people with concerns for animal welfare) and sci-
entists agree that a world in which the important benefits
of scientific research can be tapped but without causing
undue pain, distress, suffering or death to the animals be-
ing used for research should be the ultimate goal [1, 12,
14-16]. The use of laboratory animals can still be justified
today in the following areas of research: basic scientific
research, use of animals as models for human diseases,
pharmaceutical research and development, toxicity test-
ing and surgical skills training or simulation [6, 12, 16].
This is because there are inherent limitations in the use of
alternatives like in vitro study, human clinical trials or
computer simulation. It should be noted that there are
problems of transferability of results obtained from ani-
mal research to humans. Efforts are on-going to find suit-
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able alternatives to animal experimentation. Among the
methods being explored are cell and tissue culture, com-
puter simulation and postmortem research (2, 3, 6, 17,
18].

Types of Research Involving Animals

There are five main reasons for the continued use of
animals in research. These include basic scientific re-
search, their use as models for human diseases, pharma-
ceutical research, toxicity testing and surgical skills train-
ing or simulation.

Animals Used for Basic Scientific Research

The aim of basic research is to increase scientific
knowledge about the way animals and humans behave,
develop or function biologically. This type of research
may not necessarily lead to applications for humans, al-
though a primary objective is that it may eventually lead
to applications from which humans may directly benefit.
It covers areas such as observational research, assessment
of physiological mechanisms and developmental and
genetic studies. Of these, the most important is perhaps
physiological research [16]. These studies involve surgi-
cal, dietary or drug treatments that are directed at a better
understanding of function at the physiological, cellular or
molecular levels and have made significant contributions
to current knowledge about human and animal biology
and medicine. In fact, it has been said that much of cur-
rent modern medicine is evidence-based basic research.
For example, most of our current knowledge about the
endocrine, immune and nervous systems has emerged
from research involving animals. Research involving the
use of immune-deficient rodents has contributed very
substantially to our understanding of the complex pro-
cesses of diseases that affect the immune system, neopla-
sia, HIV/AIDS and other diseases [6, 11, 12, 16, 18].

Animals as Models for Human Diseases

Laboratory animals are also often used as models for
understanding of disease processes and to develop new
vaccines and medicines [16, 19, 20]. Very often these
types of research draw on findings derived from basic sci-
entific research. For example, animal models using the
chimpanzee and monkey were employed extensively for
the study of hepatitis B and poliomyelitis leading to the
development of effective vaccines against these diseases
[21-24]. Similarly, much of the current knowledge about
hepatitis C has been derived from studies in the chimpan-
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zee as for a long time it was the only non-human host for
the virus. Unfortunately, unlike hepatitis B, an effective
vaccine against hepatitis C is yet to be discovered. Animal
models may be difficult to find or develop for some dis-
eases such as HIV/AIDS and some cancers [24-26]. This
is due to the complex pathogenesis of these diseases and
their many different subtypes in humans and animals,
which makes it inherently difficult to study them and to
develop successful animal models [3, 24-26]. Another
important area of animals as models for human diseases
involves the use of genetically modified animals. Effective
treatment has been developed for some types of cancer,
such as breast cancer (tamoxifen) and prostate cancer
(goserelin), based in part on the study of transgenic mice
that express human receptors on their cells, which were
used as replacements for primates. These animals are ge-
netically modified to study the role of genes in disease
processes [16, 19, 20] because the pathology of various
diseases (neoplastic, infectious, nutritional, inherited,
etc.) is affected directly or indirectly by an individual’s
genome. The study of genetics, therefore, can help in the
understanding of these fundamental interactions.

The sequencing of the human and mouse genomes has
revealed remarkable similarities. About 99% of the genes
in these two genomes have direct counterparts in the two
species. Therefore, the mouse is used extensively as a
model for research on human diseases in various types of
studies. Furthermore, because mice breed rapidly and are
easy to look after in the laboratory, and because the meth-
ods of genetic modification are more effective in mice
compared with other mammals, they are a favoured spe-
cies in genetic modification studies. Other animals used
in genetic modification studies include rats and zebrafish.

At present, it can be argued that the use of genetically
modified animals as models has allowed researchers to
generate more accurate and appropriate models of hu-
man diseases that have facilitated progress and has made
it more likely that research findings in such models will
transfer to human subjects more quickly. While most an-
imal models cannot be considered exact replicas of hu-
man diseases, most biomedical scientists working in the
field are of the view that there are often enough similari-
ties between mice and humans to make informative com-
parisons [16]. Examples include findings from models
used for diabetes, deafness, psychiatric disorders, neuro-
degenerative disorders and some cancers. However, it
should be noted that when scientists think that they have
a good model, it is often difficult to determine how much
its attributes are due to its genes or to environmental fac-
tors. This is because, in some instances, wildly differing
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results have been found to occur in different laboratories
using the same strains of animal in the same procedures.
This observation is itself becoming an important area of
turther research. The use of genetically modified animals
has a wide range of welfare implications because the ani-
mals involved usually suffer from the disease being stud-
ied for the duration of their lives [16]. These animals are
also likely to be the subject of procedures carried out to
characterize the different stages of the disease, including
blood, metabolic and behavioural tests. These procedures
may inflict pain or cause distress to the animals. On this
note, it can be argued that people concerned about the
welfare of non-human animals have a valid point.

Pharmaceutical Research

In the past 80 years, pharmaceutical research and de-
velopment has been transformed because of the availabil-
ity of advanced information and diagnostic technologies,
better understanding of genetics and increasing use of
computational analysis [27]. Consequently, a wide range
of advanced methods that do not involve animals is used
in conjunction with animal research for pharmaceutical
research and development. Overall, there has been a sub-
stantial reduction in the total number of animals used for
pharmaceutical research [16]. However, it still remains
responsible for a significant proportion of the animal ex-
periments conducted in most countries in Europe and the
USA at the present time [11, 28-30]. As part of the search
for new medicines and vaccines for use in humans, a very
wide range of basic and applied medical and veterinary
research projects is supported or conducted by pharma-
ceutical companies. It has been estimated that 60-80%
of animal experimentation used for pharmaceutical re-
search and development are in the characterization of
promising candidate drugs and about 5-15% are used in
the discovery and selection process [11, 31, 32]. In the
early stages of development of new medicines to assess
the importance of a drug target, genetically modified
mice are most commonly used. They are also used in-
creasingly in target validation of new medicines or as
animal models of diseases. For certain biological com-
pounds such as vaccines, animal testing is mandatory for
each batch that is produced, to ensure potency and safety
(22, 28, 31, 33]. It is possible that the use of animals for
pharmaceutical research and development will continue
to decline as the use of advanced methods or other alter-
natives increases. On the other hand, the use of animals
may remain unchanged because advanced imaging, sens-
ing and the use of biomarkers will allow the extraction of
more information [27, 34, 35]. It is difficult to envisage a
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future in which there will be a rise in the use of animals
for pharmaceutical research and development. The cur-
rent ethical debate on the use of animals for experimenta-
tion as well as increasing violent activities of animal rights
activist groups will most likely ensure that this does not
happen [2, 9, 10, 13, 16, 36, 37]. While the violent activi-
ties of some animal rights activists should be condemned,
scientists too need to do a better job of explaining to the
public the justification for animal research today [14, 16].

Toxicity Testing

Toxicological studies are often carried out on animals
to help test the safety of a wide range of substances that
could be harmful to humans, animals and the environ-
ment [16, 38, 39]. These tests are carried out on new prod-
ucts like medicines, household and industrial chemicals,
agrochemicals and food additives. Some of these chemi-
cals are tested for their potential to cause irritation, pro-
duce physiological reactions, induce cancers, produce a
teratogenic effect on the developing fetuses in utero and
produce adverse effects on fertility [40]. Specified doses
and exposures of the chemicals are given to animals, from
which information regarding safe human dose and expo-
sure levels is then determined. In order to observe the ef-
fects seen when a new product is used, misused or abused
in different situations, the tests usually range from one
single high dose to long-term exposure to a particular
chemical. Furthermore, the tests are designed to mimic
the possible routes of exposure that humans might be sub-
jected to, such as through the mouth, skin, eyes or airways.

Various species of animals are used for toxicological
testing or safety evaluation of medicines. These include
rats and mice (most commonly), larger animals like rab-
bits and dogs, and less often primates like chimpanzees
and monkeys, as well as fish and chickens in some in-
stances. It has been observed that a full complement of
toxicity tests for a pharmaceutical compound that reach-
es the market usually involves preliminary testing on
1,500-3,000 animals. Occasionally, these toxicological
tests are also used to assess the metabolism and efficacy
of these products as well as drug interactions. It has been
argued that computer modelling or simulation cannot
provide adequate insight into new drug toxicity the way
animal models can [38].

The relevance of initial toxicology studies in animals
to actual experience in man has been the subject of in-
tense debate [2, 3, 13, 17, 39, 41]. This is because the con-
cordance between short-term toxic effects of new phar-
maceuticals in animals and humans (during clinical tri-
als) has been reported to be about 71% [36, 38]. This
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means that 71% of acute toxicities in humans resulting
from compounds that entered clinical trials were predict-
ed by preclinical safety or toxicity studies in animals [2, 3,
38, 39, 41]. Drugs producing significant adverse effects in
animals will obviously not progress to clinical trials [1, 6,
16]. It has also been argued that for longer-term toxicities
such as carcinogenicity and teratogenicity it has been dif-
ficult to establish the benefits if any of initial toxicology
testing in laboratory animals [40, 41]. This is because the
concordance between animals and humans, in terms of
long-term toxicity, has been found to be lower than the
71% obtained for short-term toxicities [39]. However,
this may be due to the fact that assessment of long-term
toxicity is a highly complex process.

Surgical Skills Training or Simulation

For many decades, live anaesthetized animals have
been used as a method of educating, developing and re-
fining complex surgical procedures [42, 43]. A lot of de-
velopments that have taken place in reconstructive sur-
gery, particularly in urological surgery, have taken place
largely from the result of initial experimentation using
laboratory animals. In recent times, it has been found that
the use of laboratory animals is indispensable in the learn-
ing or teaching of new surgical skills like laparoscopic or
robotic procedures [44-46]. These new techniques have
a steep learning curve. Trainers have found that the use
of inanimate and animate models have shortened the
learning curves. Trainees can be assessed without putting
any human lives in danger by training on live laboratory
animals in a regulated environment before they are ex-
posed to operating on humans under the supervision of a
mentor. Many surgical training programs make use of in-
animate simulators (for example bench and pelvic train-
ers) prior to the use of animal models [47-49]. Because
animals like pigs, dogs, sheep and calves have similar
anatomies and physiological responses to humans, they
are often used in various laparoscopic and robotic train-
ing procedures. The physiological response to various
surgical manipulations in these animals resemble those
seen in humans, such as organ movements due to respira-
tion, tissue resistance and reflection, vessel pulsations,
and bleeding when vessels are cut. This makes them
excellent models for training, unlike inanimate models
where such complexity may be difficult to reproduce [48,
49]. From a practical point of view, despite some anatom-
ical differences from the urinary tracts of humans, the
porcine model is most often used for various urological
procedures involving the kidneys, ureters, bladder, bowel
and prostate [45].
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Limitations of Animal Models/Dangers of
Extrapolation from Animals to Humans

There are sometimes problems in developing effective
experimental approaches in biomedical research and in
extrapolating from animal models to humans. This is pri-
marily because of the vast complexity and variability of
biological systems [2, 17, 50]. The difficulties are an in-
trinsic part of any modelling approach that relies on sur-
rogates for the range of organisms of interest. These dif-
ficulties are not confined to experimental animal studies,
but are also encountered in developing and applying oth-
er experimental approaches such as in vitro and clinical
studies [51, 52]. None of these two broad methods can
reproduce exhaustively all the features that characterize
the wide diversity and variation of genetic and biological
processes that occur in humans.

Limitations of Human Clinical Trials

Even if the stage of animal research during the devel-
opment of a new drug was omitted, intrinsic problems
resulting from the way clinical trials are designed or con-
ducted remain. This is because most initial clinical trials
of a new drug in humans would typically require testing
the new drug on about 3,000 human volunteers and pa-
tients. Consequently, if a side effect occurs in 1 in 10,000
patients, such side effects may not become apparent until
after the product has been marketed [52, 53]. Further-
more, human clinical trials often involve a relatively ho-
mogeneous sample of patients in order to distinguish
clearly between the effects of the therapy against the back-
ground of variation between different patient responses
[51, 52]. Hence, most initial clinical trials frequently fail
to provide any information about the effects of drug in-
teractions, since they usually do not mimic the actual sit-
uation in real life where patients may be on several differ-
ent medications at the same time [2, 17, 53]. Thus, uncer-
tainties about the effects of treatments in the clinical
setting are therefore inevitable and clinicians must not
only be cautious in extrapolating the results of clinical tri-
als to individual patients, but must remain vigilant for the
occurrence of new side effects or drug interactions that
failed to occur during initial clinical trials of a new drug
[52, 53]. A drug that clearly illustrates some of the above-
mentioned dangers is pioglitazone (Actos), which was
introduced in 1999 for the treatment of diabetes mellitus
[54]. It was not until it had been used for more than 8
years and by over one million patients that it was found
toincrease the incidence of bladder cancer. This increased
incidence is seen mostly in men [54-57].
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Limitations of in vitro Research

There is little doubt that there are major differences
between human cells in vitro and in vivo which can pose
challenges in extrapolating findings from research on the
functioning of human cells in culture to the functioning
of human cells in vivo [2, 17, 50]. While cell culture is
cheap and easy, there is no doubt that the usefulness of
data obtained from in vitro cultures is very limited. Hu-
man cells evolved to be part of an intact organism and
what they do when dissociated is fundamentally different
from what they do when they are a part of a large com-
munity of cells. It is therefore not surprising that more
acute challenges arise in using the findings from cell cul-
ture studies to make predictions relating to the integrated
physiology of intact tissues, organs or the whole human
body compared to findings from intact animals.

From the above, it is clear that laboratory animals are
useful in basic and applied forms of scientific research. In
many cases, they can be useful models for studying as-
pects of human biology and disease and the likely effects
of chemicals and medicines, particularly interactions be-
tween drugs. However, the usefulness of animal models
has to be judged on a case by case basis for each type of
research or testing. There is little doubt that initial ex-
perimentation in animals is preferable to the alternative
of discovering major flaws in new drugs, vaccines or in-
dustrial or agrochemical products only after humans
have been exposed to their harmful and in some cases
debilitating side effects. This scenario most likely will in-
crease the overall cost of new drug developments [54, 55].

Ethical Issues in Animal Experimentation

There are currently about 4 different views regarding
the ethics of animal experimentation. These are the ‘any-
thing goes’ view, the ‘on balance justification’ view, the
‘moral dilemma’ view and the ‘abolitionist’ view [16]. It
will not be hyperbolic to state that the correct ethical po-
sition on this contentious issue will be an amalgam of
some elements of all 4 views [16]. This is because, in a
field as controversial as animal experimentation, it is of-
ten a question of perception! Animal rights activists see
aratin a cage, while scientists are seeking a cure for dis-
eases! There is no doubt that the welfare implications for
animals used in research are as varied as the benefits.
Most observational research on animals conducted in
their natural habitats should have minimal negative ef-
fects. Similarly, there is a broad consensus by both those
for and against animal research that animals used for
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laboratory research should not experience unnecessary
pain, suffering, deprivation of food and water, isolation
or distress. Apart from ethical and legal considerations,
pain and distress cause changes to the body that could
interfere with the outcome of some research on animals.
Consequently, minimizing pain and avoiding distress to
experimental animals contributes to sound science. Ani-
mals that are used as disease models are likely to experi-
ence the symptoms typical for the disease. If part of the
symptoms involves pain, it is important for the scientists
involved in this type of research to look for ways of min-
imizing the pain. In the contentious world of animal re-
search, the crucial question that needs to be answered by
most protagonists of animal research remains how useful
animal experiments are to prepare the way for trials of
medical treatments in humans [6, 12, 17, 18]. This is be-
cause generally public opinion is behind animal research
only if it helps to develop better drugs or leads to in-
creased understanding of a disease and therefore will
lead to effective preventive methods or new drugs to
combat such diseases. The abolitionist view is currently
difficult to justify. While attempts continue to be made
to find suitable replacements for the use of living crea-
tures, it would appear that for many years to come re-
search involving the use of live animals will continue to
be required [6, 12]. It has been rightly argued by Watts
[6] that at present ‘you could phase out the use of animals
if you were prepared to put more risks on to humans’. It
would also appear that our world is moving to the peril
of such a view. The many cases of bladder cancer seen
after the introduction of pioglitazone is a prime example.
To summarize, all are agreed that there is a need to re-
duce rather than eliminate animal experimentation. At
the same time, efforts must continue to find suitable re-
placements for animal experimentation as well as more
refined techniques that avoid the use of intact live ani-
mals [37, 58-63].

Legal Issues Affecting Animal Experimentation and
Views of Animal Rights Activists

Briefly, due largely to pressure groups opposed to ani-
mal experimentation, there is now legislation in place by
International Regulatory Agencies, National Regulatory
Agencies and Institutional Regulatory Boards whose role
is to satisfy certain criteria before permission is granted
to a researcher intending to conduct experiments involv-
ing laboratory animals [7-13]. These criteria include the
following:
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o There is no other method of answering the question
the experiments purport to address
o The animal’s welfare is protected
o There is no undue stress to the animal
o There is adequate food and water
o Suitablelight and comfort are provided for the animals
« Pain must be minimized by using anaesthetic agents,
if necessary
In other words, the humane treatment of experimental
animals must be ensured [1, 8, 11, 12, 15]. The current
legal position is possibly best summed up in recommen-
dations by a committee set up by the Academy of Medical
Sciences, UK and chaired by Sir David Weatherall in
2006. The committee recommended that “... the use of
non-human primates is impossible to abrogate at present
(2007), there is a case for their use provided it is the only
way of solving important scientific or medical questions
and high standards of welfare are maintained’. (www.
acmedsci.ac.uk/imagesproject/nhpdownl.pdf).

Views of Animal Rights Activists

The term ‘animal rights activists’ as used in this article
has been previously defined (vide supra). The views of
animal rights groups deserve special mention in this re-
view and regarding the current legal position on research
involving animals as enunciated above. It is well known
that people have different views regarding the use of ani-
mals for companionship, food, clothing and research [1,
5,9, 10, 12, 14]. A widely held view is that people may use
animals for these purposes if in return they provide them
with shelter, adequate food and treatment. Animal rights
activists believe it is wrong for people to remove animals
from their natural habitats or interfere with their lifestyle.
Some animal rights activists even oppose the eating of
meat, meat products or eggs, drinking milk, wearing
leather or fur, or keeping animals in zoos! Some also ob-
ject to having animals as pets. They are also opposed to
animal research as a matter of principle regardless of any
potential benefits for humans and other animals [7, 9, 13].
Furthermore, some animal rights activists try to end prac-
tices they oppose vehemently by trying to influence pub-
lic opinion and go as far as trying to get laws passed to
stop all animal research. Worse still, some, particularly in
Europe and the UK (Animal Liberation Front), have re-
sorted to extreme measures like threatening researchers
and members of their families, vandalizing laboratories,
properties and cars and planting bombs to intimidate re-
searchers into discontinuing their work [1, 14, 16]! It is
heartening to note that even in Europe there is now leg-
islation in place to protect scientists engaged in animal
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research against bitterly antagonistic attacks by groups
with such extreme views [12, 14]. To hold that people
have an ethical responsibility towards animals in their
care is to support animal welfare and most scientists en-
gaged in animal experimentation subscribe to this notion
as well [1, 12, 14-16].

Species of Animals Used as Experimental Models

This topic will be discussed very briefly. There are
many different species of animals that are currently used
in research. Most of these are vertebrates and the major-
ity of procedures involve the use of very small laboratory
animals like mice and rats for reasons stated previously.
Other mammals used on a very small scale include rab-
bits, pigs, dogs and primates (monkeys and chimpanzees)
[27-30, 63-65]. Research involving the use of primates
has almost ceased in most parts of the world and only
few centres in the USA (e.g. National Institute of Health)
holdinglicenses to use these large animals continue to use
them as experimental animals [16]. Apart from being
large, primates are expensive to maintain, are potentially
dangerous animals and have a very long generation time.
The broad spectrum of animals used as models include
the following:

» Rodents: hamsters (Syrian, Chinese, Swedish), mice
(nude, non-nude), rats (Sprague-Dawley, Wistar),
guinea pigs, wild rats

o Lagomorphs: rabbits (wild, New Zealand white,
Dutch)

« Carnivores: cats, dogs (beagles, mongrels)

« Ungulates: pigs, mini pigs, sheep, goats, cattle, horses

« Primates: monkeys (e.g. rhesus, macaques), chimpan-
zees

+ Genetically modified animals: mostly rodents (mouse)

« Reptiles: snakes, lizards

« Amphibians: frogs, newts

« Birds: eggs, chickens

« Fish: zebrafish used in genetic modification studies

The Use of Invertebrate Animals as Models

Invertebrates like the fruit fly Drosophila, the nema-
tode worm Caenorhabditis elegans and some species of
snails (molluscs), yeasts, bacteria and viruses are also used
in experimental research, albeit on a very limited scale.
The genetic modification of these animals has been found
to provide useful information regarding the fundamental
biological role of genes [66]. However, studies in these
invertebrates cannot address questions that concern the

Kehinde


http://dx.doi.org/10.1159%2F000355504

effects of gene modification on physiological disease pro-
cesses or the development of organs that are only found
in vertebrates or mammals [16, 66]. Because of their close
association with the environment and diversity of habi-
tats, invertebrates are more at risk for adverse responses
to environmental pollutants [67]. They are therefore of-
ten used in studies examining the effects of exposure to
environmental contaminants. The use of these inverte-
brates in experimental research does not generate the
same controversies as those involving the use of verte-
brate animals.

The Use of in silico Models

In silico models involve the use of computer simula-
tion to predict biological events. The use of in silico ap-
proaches has increased the ability to predict and model
the most relevant pharmacokinetic, metabolic and toxic-
ity endpoints, thereby accelerating the drug discovery
process [68]. On the other hand, in silico polymerase
chain reaction (PCR), also referred to as digital PCR, vir-
tual PCR, electronic PCR or e-PCR, refers to computa-
tional tools used to calculate theoretical PCR results using
a given set of probes to amplify DNA sequences from a
sequenced genome [69, 70]. Many software packages are
available offering differing balances of feature set, ease of
use, efficiency and cost. One of the most widely used is e-
PCR, which is freely accessible from the National Center
for Biotechnology Information (NCBI) website. The use
of these techniques in drug discovery, PCR and other ap-
plications is in its infancy. The disadvantages of using re-
sults from in silico models are about the same as those of
using results from in vitro studies described previously. If
results obtained from in silico models are borne out in
clinical trials, then hopefully this technique may contrib-
ute directly to a reduction in the need for animal experi-
mentation.

Methods of Induction of Cancer

These will be described very briefly. Studies involving
different cancers are major reasons for embarking on an-
imal research. Cancers in experimental animals can be
induced using any of the following techniques [62-65]:

o Spontaneous induction of cancer: prostate cancer is
seen in dogs older than 8 years; 80% of transgenic ad-
enocarcinoma of mouse prostate (TRAMP) mice older
than 16 weeks develop prostate cancer spontaneously;
cattle fed on bracken fern in the Balkans and Turkey
develop bladder cancer; 24 and 51% of male and fe-

Current Status of Animal
Experimentation

male Wistar rats, respectively, develop spontaneous
bladder cancers, indicating the role of hormones in the
induction of some cancers; the incidence of spontane-
ous bladder cancer is about 28% in the male brown
Norway rat; ageing macaque monkeys often spontane-
ously develop colon and breast cancers [65].

o Hormonal induction: Noble rat given subcutaneous
steroid and cholesterol combination will develop pros-
tate cancer or the use of oestrogens, e.g. 75% of male
Syrian golden hamsters given 20 mg of diethylstilboes-
trol subcutaneously will develop prostate cancer

o Transplantable: Dunning R-3327 or Pollard rat pros-
tate adenocarcinoma system

o Human xenografts: nude mice, SCID mice

o Chemicals: nitroso-N-methyl-N-dodecyclamine (NNN)
and N-methyl-N-nitrosourea (NMU) given by intra-
vesical route will produce bladder cancer in Wistar rats;
nitrocompounds (2 acetyl aminofluorene (AAF) and
N-butyl-N-(4hydroxybutyl)-nitrosamine (BBN), NNN
and NMU given intravenously to rats or dogs will in-
duce bladder cancers, while nitroso compounds such as
intravenous dimethylnitrosamine (DMN) will produce
bladder cancers in about 63% of Wistar rats

o Irradiation: about 7% of Wistar rats given 660 rad will
develop bladder cancers

o Genetic engineering: knockout ‘PTEN’ gene induces
prostate cancer in old mice

o Others (viral infection): herpes virus induces cancer in
frogs
Examples of diseases suitable for animal experimenta-

tion include benign diseases like ischaemic/reperfusion
injury (e.g. torsion of testis, renal transplantation and
myocardial ischaemia), benign prostatic hyperplasia, and
malignant diseases like cancers of the liver, colon, pros-
tate and bladder.

Conclusions

Animal research remains justifiable today for the fol-
lowing reasons: (1) itis less costly and takes a shorter time
to conduct compared to clinical trials; (2) it involves less
ethical constraint than human clinical trials; (3) it opens
avenues for investigations of the genetic, aetiological,
morphological and natural history aspects of some dis-
eases like cancers, and (4) it provides a unique opportu-
nity for the development of new concepts which are dif-
ficult to obtain through clinical trials or computer simu-
lation. Animal models and clinical trials must work in
concert to assist in the search for new and more effective
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treatment of diseases. Initial testing of new drugs on ex-
perimental animals reduces the risk of dangerous side ef-
fects in humans, although they cannot guarantee that

MS 02/99.

such drugs will be safe for everyone who might use them
subsequently. However, no efforts should be spared to

find suitable and equally reliable replacements for animal

research or reduce the need for animal research. For the

future, it is likely that a combination of animal models,

None.

cell lines and computer simulations will, hopefully, allow
researchers to develop a wide-ranging tool kit for model-
ling diseases.
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