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ABSTRACT The role of animal experiments in the progress of ~OZET Tibbin ilerlemesinde ve giiniimiizdeki asamaya gelmesinde,
medicine and its current stage has a significant effect. Most of the re-  hayvan deneylerinin rolii 6nemli 6l¢iide etkilidir. T1p ve veteriner alan-
search in the medical and veterinary fields requires the use of experi-  larindaki aragtirmalarin birgogu deney hayvani kullanimini gerektir-
mental animals. It is a possible fact that the next experimental studies  mektedir. Bundan sonra yapilacak olan deneysel ¢calismalarin da hayvan
will be realized with the contribution of animal experiments. On the  deneylerinin katkilariyla gerceklesmesi olas1 bir gergektir. Ote yandan,
other hand, since humans cannot be included in experimental studies  etik nedenlerden dolay1 deneysel ¢aligmalarda insanlara yer verileme-
due to ethical reasons, the use of animals is mandatory. There are many  mesi, hayvanlarin kullanimini zorunlu kilmaktadir. Deney hayvanlari-
models in which experimental animals are used. However, the use of nm kullanildigi ¢ok sayida model bulunmaktadir. Fakat deney
experimental animals also brings some disadvantages. Experimental = hayvanlarinin kullanimi, birtakim dezavantajlar1 da beraberinde getir-
animals cannot be used randomly for scientific or any other purpose.  mektedir. Bilimsel olarak ya da herhangi baska bir amag i¢in deney
Even if the experimental protocol was carried out properly, it will in-  hayvanlari rastgele kullanilamazlar. Deney protokolii uygun yiiriitiil-
validate the obtained data if the appropriate experimental model is not  miis olsa da ¢alisma igin uygun deney modeli se¢ilmez ise elde edilen
chosen for the study. If the wrong experimental model is chosen, it will  verileri gegersiz kilacaktir. Yanlis deney modeli segildiginde, hem eko-
result in both economic and time loss. For these reasons, how and which  nomik hem de zaman kayb1 ile sonuglanacaktir. Bu nedenle deneysel
model will be applied in internal and surgical branches in experimen-  ¢alismalarda, dahili ve cerrahi branglarda hangi modelin nasil uygula-
tal studies and subject selection constitute an important problem. nacagi ve denek se¢imi dnemli bir sorun olugturmaktadir. Calismaya
Choosing a suitable subject for the study increases the applicability of  uygun denek se¢imi, ¢alismalarin uygulanabilirligini artirmakta ve
the studies and ensures that positive results can be obtained. In our ar-  olumlu sonuglar aliabilmesini saglamaktadir. Yazimizda, literatiirde
ticle, we planned to compile the experimental models applied in the lit-  uygulanan deney modellerini avantaj ve dezavantajlarini da igeren
erature with different aspects including their advantages and  farkli yonleriyle derlemeyi ve uygulayiciya se¢im kolayligi saglamay1

disadvantages and to provide the practitioner with ease of choice. planladik.
Keywords: Animal use; laboratory animal; Anahtar Kelimeler: Hayvan kullanimi; laboratuvar hayvani;
experimental animal models; deneysel hayvan modelleri;
proper animal selection uygun hayvan se¢imi
Research on scientific and educational experi- When choosing an experimental model, the nor-
mental models is needed to make cell, tissue, organ, mal living conditions of the target species and simi-
system and inter-system evaluations, to develop dis- larities between humans are taken into account.'
ease or new diagnosis and treatment options, and to Although being genetically similar to human is im-

gain new information about the treatment of diseases portant, it does not always guarantee selection as a
or disorders. model. For example, in terms of evolutionary devel-
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opment, chimpanzees are a species closer to humans.
They can be infected with human immune deficiency
virus (HIV), but the disease picture may not develop.
In this case, cats that are less genetically similar to
humans can be considered as a more appropriate
model because of the presence of Feline Immunode-
ficiency Virus, a picture similar to the development
and findings of acquired immune deficiency syn-
drome (AIDS) disease caused by the human HIV.? At
the same time, cost, opportunities and experiences
should be reviewed in the selection of the type. If
these criteria are considered to be insufficient, sup-
port should be obtained from experienced re-
searchers.

Other factors that are effective in determining
the experimental model are the plan to be applied and
the number of animals to be used, the suitability of
the human disease to be studied, the genetic structure,
the response of the experimental model to applica-
tions, the impact of the environment, housing prefer-
ences, the provision of animal comfort and all vital
information about reducing fear through basic habit
processes.*®

The direct transfer of the information gained
from experimental animal models to human remains
to the next step and cannot always be guaranteed. At
the same time, there is also the use of animals with a
disease or damage model that cannot be created under
exactly similar conditions to humans.’

I MODELS ASSOCIATED WITH
THE NERVOUS SYSTEM

CHEMICAL PAIN MODEL

Mice are frequently used in antinociceptive tests,
where painkillers are tested and the mechanisms re-
lated to pain are tried to be elucidated. In these ex-
periments, the mouse’s reaction to a thermal,
chemical or mechanical ectopic stimulus is measured.
Stimulus action is defined as pressure, burning, pain
when it rises above the perception of hot or cold. This
test is carried out on a hot plate and at a temperature
of approximately 50-55 °C. It is based on the princi-
ple of measuring the time until the experimental
model is placed on the plate and then pulled, jumpe-
dor licked its back foot. The prolongation of the
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elapsed time is interpreted as an antinociceptive ef-
fect. This experiment is often used in the investiga-
tion of central pain relievers.® For the chemical pain
model, the writhing movement caused by intraperi-
toneal perfusion and active substances such as acetic
acid or p-benzoquinone is numerically evaluated and
the decrease in the writhing number is interpreted as
antinociceptive. This experiment is used to evaluate
peripheral pain relievers non-steroid anti-inflamma-
tory drugs-NSAIDs).’

NEUROPATHIC PAIN MODEL

The model that forms on the sciatic nerve is one of the
easily applicable neuropathic pain models. It is de-
fined as pain that occurs due to a lesion on the ner-
vous system. Unlike nociceptive pain, there is no
external stimulation continuously.'® It usually occurs
over a long period of time after nerve damage. Neu-
ropathic pain is characterized by spontaneous pain that
produces hypersensitivity to an external stimulus or
to a normally harmless stimulus.!" Rat experimental
model is mostly used in neuropathy research.”

When rats are fed unlimitedly, they develop
Type 2 diabetes due to obesity and it has been deter-
mined that allodynia occurs accordingly. In addition,
it was found that hyperinsulinemia and allodynia oc-
curred in rats raised with foods containing 40% galac-
tose in their diets."

PERIPHERAL NEUROPATHY MODEL CREATED
USING CHEMOTHERAPY DRUGS

Antitumor drugs show significant side effects in most
patients. The side effects that occur are especially
bone marrow suppression and peripheral neuropathy.
These side effects limit chemotherapy application.
Experiments with systemic administration of vin-
cristine, cyclophosphamide and doxorubicin show
marked allodynia and pain hypersensitivity. There-
fore, antitumor drugs are used to create a peripheral
neuropathy test model.'*!3

SPINAL CORD INJURY

Many experimental models have been developed to
create trauma to the spinal cord. Current models are
weight reduction from height and spinal cord com-
pression with clips. In the method first put forward
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by Allen; a known weight is dropped from a certain
height onto the spinal cord exposed after laminec-
tomy.'® Generally, a 10 g weight (50 g/cm) is left to
free fall vertically in a pipe from a height of 5 cm to
the spinal cord, which is exposed with the help of a
device prepared, and a trauma model is created. In
the other method, spinal cord damage is created by
using an aneurysm clips. The 24-g strength aneurysm
clip is kept closed for 1 minute after laminectomy for
extradural compression of the spinal cord and a
trauma model is created.!’

I MODELS RELATED TO LIVER DISEASES

Liver damage in rats can be caused by factors such
as cyclophosphamide, paracetamol, methotrexate and
nimesulide. Apart from these applications, hepato-
toxicity occurs in every method, although it is formed
by different mechanisms. In the experimental model,
the effectiveness of the substance used to prevent and
treat the damage caused by this toxicity is tried to be
measured by biochemical methods, both histologi-
cally and by looking at the levels of enzymes such as
alanine aminotransferase.'®

I MODELS RELATED TO LUNG DISEASES
ASTHMA MODEL

Although asthma is a diffuse occupational disease, its
pathophysiology remains uncertain.'” As research on
asthma became widespread, it was understood that it
was a more complex disease, triggered by many cel-
lular factors. In order to better analyze the develop-
ment of the disease, the disease and its clinical
symptoms must first be defined. For ethical reasons, it
is not possible to use humans as an experimental
model to understand the mechanism at the cellular or
molecular level.”’ For this reason, animal models are
particularly needed. A system is developed to deter-
mine the targets of drug therapies for the purpose of
examining or experimental models are characteristic.
The most popular animal models are rodents (inbred
mice and rats), guinea pigs, rabbits. The use of these
models is more readily available than other models
(hamsters, dogs, sheep, horses and monkeys were also
used to develop an asthma model) and is preferred be-
cause they are more cost-effective than others.?!
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Each experimental model has its advantages and
disadvantages. When the studies are examined, it has
been observed that guinea pigs, a group close to ro-
dents, have similar interactions between human and
guinea pig airways when exposed to allergens,
asthma-related drugs and dermatological effects, es-
pecially due to their sensitivity to methacholine and
histamine.? Allergic asthma models are created by
first exposing the experimental animal to a foreign
protein, the most commonly used ovaalbumin
aerosol.??*

LUNG CANCER MODEL

The lung cancer model is the most fatal cancer type
in the world.” In order to understand cancer etiology
and to develop new treatments, mouse models show-
ing cancer clinical features are needed. These models
are critical in mimicking both tumor development
and histological features in a lung cancer model.

Xenograft Model

In this experimental model, cancer cells are trans-
planted into a region of the organ of origin. This
organ-specific area is an environment in optimal con-
ditions for the growth and development of the cancer
cell. This costly and unconventional model is used to
evaluate the effects of organ site-specific cytotoxic
agents in vivo in conditions such as lung cancer. Cur-
rently, renal cell carcinoma, pancreatic carcinoma,
brain tumors, prostate, colon and lung cancers with

26 1n

nude mice are potential orthotopic model uses.
the lung tumor cell, the suspended cancer cells are in-
oculated directly into the right bronchial stem of the

anesthetized animal’s right lung.”’

Tumor formation can be interpreted by sacrific-
ing the animal. Histologically, the tumor is evaluated.
Xenograft models are often used to investigate the re-
sponse of cancer cells to treatment. Tumor develop-
ment varies depending on the type, size, density and
use of growth factors, with the optimum number of
cells to be transferred between 106 and 107.?® In this
model, the source of the transplanted tumor can be
the cancer cell line, or it is possible by orthotopically
transplanting the tumor tissue from human lung can-
cer. Cell lines A549, H1975, HCC4006 and HCCR827
are most commonly used to induce adenocarci-
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noma.?*3? Cell lines NCI-H1299 for carcinomas,
NCI-H460 for large cell carcinomas, and NCI-H226
for squamous cell carcinomas are the most commonly
used sequences.***” When NCI-H460 is transferred
to athymic nude mice, it has an advantage over other
cell lines in that small amounts of cells are sufficient,
proliferate in a shorter time, and 0% rejection.***

Syngeneic Model

In this model, orthotopic murine models are per-
formed by injection of immunocompatible tumor
cells into immunocompatible mice. This model is
very difficult and limited to create. The advantage of
this model is that the injected cells are immunologi-
cally compatible with the murine model, which re-
flects the disease better than other models. The only
syngeneic model created to date is Lewis Lung Car-
cinoma (LAC). The LAC cell line is highly tumori-
genic and is used especially in metastasis studies.*
For the first time, the C57BL/6 strain was found
spontaneously in the lung of a mouse in 1951. It can
be administered to mice via two separate injections.

I MODELS RELATED TO
CARDIOVASCULAR DISEASES

Hypertension is one of the important circulatory dis-
eases that occur with different types depending on
many reasons. Small rodents (rat, mouse, rabbit) and
large animal models (dog, pig, sheep) are used as ex-
perimental models in cardiovascular diseases. Rats
are frequently preferred in cardiovascular (KDV)
diseases thanks to many advantages they provide
such as cheaper housing and care than large animals,
easy and repeatable application, and the use of more
subjects in terms of statistical evaluation. In addition,
in rat models, it is more convenient to measure car-
diac function tests and open heart surgery compared
to mice. Since the heart mass ratio of the rat experi-
mental model has a larger volume compared to the
mouse model, it provides convenience in post-
mortem, molecular and histological studies. While rat
models are used to discover potential new pharma-
cological or molecular agents for the treatment of
heart disease, mouse models are used to discover
molecular or pharmacological treatment pathways
with important gene or protein targeting. Mouse ex-
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perimental models are used for gene sequencing, pro-
tein studies, and studies at the drug or molecular
level.**#! Rats are loaded with high doses of salt over
a long period of time to investigate this serious dis-
case that damages many systems.* Rats called spon-
that
spontaneously develop hypertension without any ap-

taneous hypertensive rats are animals

plication exogenously.*

Hypertension in rats can be induced using the
deoxycorticosterone acetate and salt (DOCA-salt)
hypertension model. The DOCA-salt hypertension
model is a convenient method that can mimic neu-
rohumoral and metabolic changes among experi-
mental hypertension models. The formation process
of the DOCA-salt hypertension model in experi-
mental animals constitutes a chronic malignant
pathology and in this process leads to dysfunction,
especially in the vessels.** Hypertension induced by
the administration of mineralocorticoids is an en-
docrine-derived method developed more than 60
years ago and is still the most widely used.***’ First
demonstrated hypertension in rats treated with 11-
DOCA-salt. Subcutaneous injection of DOCA at
1,000
mg/kg/day is sufficient to induce hypertension in
rats. It has been reported that DOCA causes more
rapidly developing and more severe hypertension in

high doses of approximately 300 to

male rats compared to female rats.*® In the hyper-
tension model induced by glucocorticoids, hyper-
tension is induced by administration of excessive
amounts of glucocorticoids to healthy animals.* Al-
though glucocorticoids induce hypertension through
renin angiotensin aldosterone system (RAAS) ac-
tivity in rats and mice, their efficacy it is lower than
the DOCA-salt.*-%

An important parameter in heart diseases is
blood fluidity (hemoreology). Negative changes in
blood fluidity (increase in viscosity) or related pa-
rameters such as erythrocyte deformability, erythro-
cyte aggregation, plasma viscosity and hematocrit are
associated with cardiovascular disease.’! In studies
on blood fluidity, mammals are used to model the
properties of human blood. To study the behavior of
non-mammalian vertebrates (birds, reptiles, amphib-
ians and fishes contain red blood cells nuclei. Ma-
malia class mamalia and its subclasses such as
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placentals, marsupials and monotremates).** Rats and
guinea pigs are preferred in these studies because of
their higher blood volume than mice.

I MODELS RELATED TO DIABETES AND
METABOLIC SYNDROME

Metabolic syndrome is a metabolic disorder charac-
terized by genetic and environmental factors, disease
risks associated with rapid population growth in the
world, insulin resistance, hypertension, obesity and
dyslipidemia. Components of the metabolic syn-
drome adversely affect human health as well as the
health of animals, primarily horses, dogs and cats.™
First Reaven in 1988; This clinical entity, which man-
ifests with hyperinsulinemia, atherogenic dyslipi-
demia, high blood pressure, high blood glucose levels
and / or resistance to insulin-induced glucose intake,
has been first defined as “syndrome X by Reaven in
1988.54% In the following years, names such as
“killing quartet” due to increasing cardiovascular
risk, and “fatal orchestra” with the presence of high
erythrocytosis and uric acid were given.*®>’

Research is being conducted to elucidate the
components of metabolic syndrome that threaten
human and animal health so much, and experimental
animal models are frequently used. There are many
models used in metabolic syndrome experimental
studies. Rodents, especially mice, are preferred be-
cause their gene maps are well known, inexpensive
and easily available, and there are many mutant lin-
cages available.”®

GENETIC MODELS

Genetic models contribute to the evaluation of molec-
ular mechanisms associated with the development of
obesity and metabolic syndrome in experimental mod-
els. In addition, the metabolic syndrome seen in hu-
mans does not have monogenic properties as in
rodents. For example, some experimental models have
mutations in the leptin gene and/or its receptors. In hu-
mans, only four mutations have been reported to date,
and there is a very rare recessive genetic disorder.”

ob/ob (C57BL/6J-ob/ob) MOUSE

It is the first genetic model used in diabetes research.
They carry an autosomal recessive mutation in the
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leptin gene on chromosome 6. As a result of the mu-
tation in the leptin gene, the picture of obesity, hy-
perinsulinemia and hyperglycemia begins to develop
after 4 weeks, and glucose tolerance occurs towards
the end of the 12" week. In the following weeks, the
development of left ventricular hypertrophy, cardiac
fibrosis, inflammation and fatty liver are observed as
a result of increased cardiac function. At the same
time, an increase in body weight is observed in these
animals, >

db/db (C57BL/KsJ-db/db) MOUSE

There is a mutation in the leptin receptor on chromo-
some 4 in db/db mice. The receptor cannot fulfill its
function due to the mutation and there is no response
to leptin. Increase in blood glucose concentrations is
observed. Insulin resistance can be stuck before hy-
perglycemia. At the 13" week, increased plasma
triglyceride and total cholesterol values are observed.
Vascular endothelial dysfunction occurs at 12
weeks.>6!

ZUCKER FATTY WITH DIABETES RAT

They carry mutations in the leptin receptor gene.
Fasting glucose levels are very high, but not at dia-
betic levels. Insulin levels are 10-20 times higher than
normal. Hypertriglyceridemia, diastolic and systolic
dysfunction are seen. Inflammation markers such as
cholesterol amount, tumor necrosis factor-alpha and
interleukin-1beta increased in serum.>*%2

METABOLIC SYNDROME INDUCED BY HIGH FAT DIET

In general, obesity is observed in experimental mod-
els fed diets containing more than 30% of total en-
ergy. Animal models induced by a high-fat diet are
the most effective method used to induce insulin re-
sistance, dyslipidemia and obesity.**% There are dif-
ferent high fat diet compositions used to induce
metabolic syndrome in experimental animals. In
these different types of protocols, 20%-60% of the
energy is obtained from animal or vegetable oils.

FRUCTOSE-INDUCED METABOLIC SYNDROME

Fructose causes dysregulation of some signal factors,
increasing the likelihood of metabolic syndrome. It
is used as a metabolic syndrome model because of its
high fructose consumption, metabolic hormone
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changes, inflammation and its effect on plasma uric
acid level. Sprague-Dawley and Wistar rats can de-
velop metabolic syndrome within 2 weeks.®

HIGH CARBOHYDRATE-HIGH FAT-INDUCED
METABOLIC SYNDROME

It is suggested that this model is the best model for
human metabolic syndrome because of all the com-
plications associated with human metabolic syn-
drome occurring in rodents fed a high- carbohydrate-
high-fat diet, and the similarity of this combination
to human diets (cafeteria diet).”

In a study in rats, the mechanism of lipid increase in
white adipose tissue under the pumice of a low pro-
tein-high carbohydrate diet was investigated and con-
cluded that this increase in adipose tissue was due to
an increase in glycerol phosphorylation and fatty acid
uptake from circulating lipoproteins as well as a de-
crease in norepinephrine-induced lipolysis.®

OTHER MODELS

One of the model animals used in diabetes and obe-
sity animal models is the Otsuka Long-Evans
Tokushima Fatty model. In this model, high blood
glucose levels are observed at 18 weeks, while glu-
cose tolerance usually begins at 24 weeks. As from
the 8™ week, cholesterol levels begin to increase, and
cardiac hypertrophy and diastolic-systolic blood pres-
sure dysfunction are also observed.

Goto-Kakizaki rats are non-obese and spontaneous
diabetic models. This model, which has glucose in-
tolerance, moderate hirperinsulinemia and insulin re-
sistance for a long time, has an experimental
advantage because it is stable. In this model, the cell
cannot recognize glucose and shows an unrespon-
siveness to glucose. Cardiac hypertrophy, increased
plasma and liver lipid concentrations are seen.*”’

I INSUFFICIENT OR MISSING
MODEL SELECTION

Choosing the correct mouse model is an important
challenge in experimental intestinal inflammation
studies. Quite detailed evaluations, available from
different models, have been published in previous
studies.®*”° However, many authors avoid giving sug-

91

gestions on the best method to use. Indeed, if an opin-
ion is to be reached, it remains very limited. There
are multiple models of chemically induced acute col-
itis. These are widely preferred as they are easy to
use, fast and economical. However, these models
may not be the best experimental model to be used in
the inflammatory bowel disease (IBD) study. Because
chemical damage causes an acute self-limiting in-
flammation in the intestinal epithelium rather than
chronic inflammation. In the comparative analysis of
colonic gene expression, 2,4,6-trinitrobenzenesul-
fonic acid (TNBS), dextran sulfate sodium (DSS) and
human IBD T-cell transfer models result in the gene
cell expression motif in the T-cell transfer model best
predicting variable gene expression in IBD. It has
been seen to be a reflecting model.”" If chemically-
induced models are to be used, they should only be
used to study the physiology of intestinal wound heal-
ing or epithelial regeneration. In addition, there is no
single experimental colitis model that is similar in all
aspects to human IBD. When choosing which model
to use, the research question and IBD subtype should
be combined to get the best result.

I INSUFFICIENT USE OF
RESULTS PARAMETERS

It is a common problem to decide what the most im-
portant disease parameter / primary endpoint is in
basic or translational studies using animal models,
such as in human studies. Intestinal histological
(histopathological) semi-quantitative evaluation is
considered the gold standard in animal models of in-
testinal inflammation. However, histology-based
scoring systems have not been used properly in the
literature. Most of these scoring systems have differ-
ent subscores in the histological abnormalities seen
in experimental models, such as crypt cell loss or im-
mune cell infiltration. There are different sub-param-
eters for different models, eg for epithelial destruction
in the DSS model, or for epithelial hyperplasia in the
T-cell transfer model.”? For this reason, the most im-
portant scoring system should be preferred for the
model.

Pathological slides should be blunted exten-
sively without any reference to a test animal or ex-
perimental group. Since histolopathological scores
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allow for an ordinary reading (eg 0 1, 2, ...) the me-
dian value is the most appropriate measure used for
the central tendency within groups. This prevents the
calculation of the required number of animals per
group because the average gradient is used to calcu-
late the group size.”

I DISEASE SUSCEPTIBILITY MAY
DIFFER BETWEEN GENDERS

In many autoimmune diseases, there is a marked dif-
ference in sensitivity between the sexes, with females
being affected more often than males.” Gender-re-
lated effects have been described in experimental col-
itis models. In DDS colitis, susceptibility to males is
higher, 2,4,6-TNBS colitis has also been shown to be
more effective in female mice.”” Most experiments
are done with either male or female mice. However,
in possible experiments using both genders, differ-
ences among subjects can be observed when a com-
parison between experiments is made.”!’®

I CONCLUSION

Experimental animals constitute the basically the first
step of research. There may be other good reasons to
prefer one genre over another. Researchers should se-

lect the animal species most likely to produce valid
results, with a predisposition to an intended disease
process, a propensity to engage in a targeted behav-
ior, the appropriate size for the experimental tech-
niques to be used.
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