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Abstract. Experimental animal models of dizbetes mellitus are widely used to study
the pathogenesis of disease, the therapeutic effects of medications, their safety
and effectiveness. In this paper the different types of rodent models of type 2
dizbetes mellitus were analyzed aiming fo estimate their advantages zand
limitations. The understanding of the features of each experimental model 1s
critical <for the proper development of experimental design and correct
interpretation of experimental data.
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Diabetes mellitus (DM) is a globally widespread disease
associated with insufficient or absent insulin secretion or
with development of insulin resistance. A characteristic
feature of DM is chronic hyperglycemia, which is the main
cause of development of diabetic complications, in particular
cardiovascular diseases, diabetic retinopathy, nephropathy,
etc.

To fight the diabetic complications, the scientists
around the globe investigate the therapeutic effect of drugs
with animals. The animal models allow to study in vivo the
biochemical mechanisms of action of medications and to check
their safety and effectiveness. Different animals can be used
as models to study the mechanisms of development of diabetes
and its complications. The examples are domestic cats, which
have similar to humans living conditions and exogenous risk
factors (obesity, insufficient physical activity); pigs,
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which have similar anatomical and morphological features of
cardiovascular system, gastrointestinal tract and mechanisms
of metabolic processes; primates, due to the similar
mechanisms of development of diabetic complications [1, 2].
However, in many animal models of experimental type 1 and
type 2 DM, the rodents are used due to their small size,
simple housing, and cost effectiveness. Experimental animal
models of DM, most often the rodent models, allow to study in
detail the pathogenesis of disease, the mechanisms and risk
factors for development of diabetic complications and to
estimate the effectiveness of approaches of its treatment.
Classification of animal models of DM is based on the
method of diabetes induction and on the type of diabetes; for
T2DM the animal models with or without obesity are
distinguished. Considering the pathobiochemical features of
type 1 and type 2 diabetes, the valid experimental models
should be adapted to each condition taking into account the
mechanism of diabetes development and expected complications.
The aim of this paper is to consider the rodent models of
T2DM, to make their evaluation and critical analysis.
Development of T2DM in animals can be induced by surgical,
chemical or other methods that 1lead to appearance of
characteristic clinical signs of disease, such as reduced
insulin secretion, insulin resistance, hypoglycemia, etc.
Surgical methods of induction of DM. Historically, one of
the first studies related to the role of insulin in
pathogenesis of TIDM was the removal of pancreas in a dog,
which led to development of polyuria [3]. Partial
pancreatectomy in experimental animals, in particular in
rodents, do not cause the development of severe forms of
diabetes and is manifested by mild to moderate hyperglycemia
depending on the percentage of pancreas removed [1, 4]. The
combination of partial pancreatectomy with chemical agents
such as alloxan or streptozotocin (STZ) leads to development
of stable hyperglycemia and diabetes [5]. In their study Kurub
and Bhonde [6] indicated that removal of 50% of the pancreas
with further injection of STZ and nicotinamide to mice led to
persistent hyperglycemia and appearance of the signs of
insulin-independent DM. Partial pancreatectomy has obvious
limitations related to its invasiveness and the risk of post-
operative complications, often it is used to study
regeneration of the pancreas and transplantation of insulin-
producing cells [7, 8].
Chemically induced DM. The well-known chemical agents
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that induce DM at parenteral injection are STZ and alloxan,
which manifest P-cell toxicity and cause hyperglycemia within
days of administration [5]. The dosage of drug required for
induction of diabetes is determined by the animal type, by
the protocol of drug administration, and by nutritional status
of the animal [9]. The drug is usually administered in 5-7
days before the experiment to provide stable hyperglycemia
[10]. In addition to alloxan and STZ the other agents such as
cyclophosphamide, dithizone can be used to induce diabetes.

The alloxan-induced diabetes 1is a form of insulin-
dependent diabetes, which pathogenesis is related to
selective inhibition of insulin secretion by P-cells and to
formation of reactive oxygen species (ROS) that leads to
destruction of B-cells of the pancreas. Alloxan is transported
to the cells by facilitated diffusion by GLUT-2 because the
spatial structure of alloxan 1s similar to glucose. The
influence of alloxan on insulin secretion is related to its
ability to oxidize two thiol -SH groups in the active center
of glucokinase inactivating it. Generation of ROS is related
to the cyclic redox process in which alloxan in the presence
of intracellular thiols is reduced to dialuric acid; 1its
further re-oxidation leads to formation of alloxan radical
and to generation of superoxide radical in the presence of
oxygen [11]. Superoxide radical 1is reduced to hydrogen
peroxide. The low activity of catalase in the P-cells causes
formation of hydroxyl radicals which realize the cytotoxic
effect of alloxan [12].

Important limitation of the model of alloxan-induced
diabetes is the insufficient stability of hyperglycemia and
its diabetogenic and toxic effects on animals. Also, 1in
opinion of some authors, alloxan cannot be used to induce
T2DM [9, 13], which accounts in about 90-95% of all cases of
DM in humans.

Streptozotocin (STZ), same as alloxan, is a cytotoxic
glucose analogue, which is absorbed by the p-cells of the
pancreas causing their destruction. The transport of STZ to
the PB-cells occurs by facilitated diffusion by GLUT-2. The
toxic action of STZ is related to alkylation of nitrogenous
bases in DNA, which causes its damage [14]. Reparation of DNA
structure by poly(ADP-ribose)-polymerase (PARP) leads to
depletion of the cellular pool of NAD' and ATP [12] and to
necrosis of the pf-cells. The ability of STZ to suppress the
glucose-induced secretion of insulin is associated with the
damage of mitochondrial DNA and disordered signaling
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function. To a certain extent the cytotoxicity of STZ is
related to its ability to induce ROS and nitrogen (II) oxide
that leads to development of oxidative/nitrosative stress and
inflammation [14].

Streptozotocin is used for induction of both T1DM and
T2DM. Single injection of a high dose of STZ (up to 200 mg/kg)
or multiple administration of the moderate doses (40-70 mg/kg)
leads to destruction of the p-cells and to development of
TIDM [15], while low dose injection of STZ (25 mg/kg) causes
the lower damage to the Pp-cells leading to T2DM [16].
Administration of nicotinamide partially protects p-cells of
the pancreas from STZ-mediated cytotoxicity [13] and leads to
development of insulin deficient T2DM, which is characterized
by moderate hyperglycemia related to the partial loss of the
B-cell function [15]. Administration of the low dose of STZ
in combination with the high-fat diet leads to development of
insulin resistance and progressive Pf-cell dysfunction, which
is typical for T2DM [17]. Streptozotocin has many advantages
over alloxan for induction of DM because of its larger
selectivity to the pP-cells, its ability to induce both types
of DM, fewer adverse effects and lower mortality of the
animals [13].

The models of chemically induced DM are simple, have high
reproducibility and can be used for both types of DM. However,
the alloxan and STZ may cause development of unwanted
complications from organs and tissues that express GLUT-2
(liver and renal tubules), which makes difficulties in proper
interpretation of results and their extrapolation to the
manifestations of T2DM. Furthermore, at induction of T2DM,
streptozotocin does not mimic the influence of epigenetic
factors such as obesity, which play an important role in
development of T2DM in humans [18].

Spontaneous DM. Due to the high heterogeneity of
manifestations of T2DM, there are many rodent models which
provide the possibility to study the complex pathogenesis and
pathobiochemical process in type 2 diabetes. The models of
spontaneous T2DM are considered as most useful to study the
mechanisms of development of insulin resistance in humans.

Obesity is one of the key risk factors for development of
T2DM, as it may lead to reduced insulin secretion and to
insulin resistance. Examples of spontaneous T2DM obese models
are ob/ob and db/db mice and Zucker rats. [19].

The ob/ob mice have a point mutation in leptin gene, which
leads to development of obesity, hyperinsulinemia, and
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insulin resistance at the age of 4 weeks. At a young age,
they show hyperphagia, hyperglycemia, and glycosuria without
developing ketonemia [5], thus modeling the certain aspects
of T2DM. Manifestations of diabetes get decreased with age,
which is seen in normalization of insulin level in the blood
plasma and improvement of insulin resistance. The limitation
of this model is inability to fully imitate the diabetic state
in humans because most of the typical complications of DM do
not develop in ob/ob mice [19].

The db/db mice have a point mutation in leptin receptor
gene (LepR) . They demonstrate hyperphagia, obesity,
hyperinsulinemia and insulin resistance at the age of some
weeks. Then they develop hyperglycemia and reduced insulin
secretion, which is typical for T2DM in humans [19]. Despite
the short lifetime of db/db mice the model can be useful to
study the pathogenesis of T2DM complications, in particular
diabetic nephropathy, endothelial dysfunction and impaired
wound healing [20-22].

Zucker fatty rats (ZFR) have a spontaneous mutation in
leptin receptor gene, which leads to hyperphagia and to
development of obesity, hyperinsulinemia and hypertension but
not to diabetes [5, 23]. Zucker diabetic fatty (ZDF) rats,
bred by inbreeding of ZFR, are less obese but demonstrate the
larger insulin resistance and hyperglycemia [24]. Spontaneous
T2DM develops in male ZDF rats leading to the complications
typical for the late stages of diabetes in humans, which makes
this model useful to study the pathogenesis of T2DM [18].

The example of animal models of T2DM without obesity is
Goto-Kakizaki (GK) rats, which were bred by inbreeding of
Wistar rats by hyperglycemia trait. GK rats are not obese but
demonstrate impaired insulin secretion and insulin resistance
[25]. This model can be used to study the efficiency of
antidiabetic drugs [26], as well as for the study of the long-
term complications of T2DM, such as retinopathy, nephropathy
and peripheral neuropathy [18, 23]. The main limitation of
the models of spontaneous diabetes is a high cost of housing
and breeding of the rodents of the certain line.

Models of nutritionally induced DM. There are some models
of experimental DM based on the change of nutritional status
of animals to develop obesity and increased risk of T2DM. One
of such models is a high-fat diet (HFD) which is used to

induce obesity and insulin resistance in rodents [27]. This
model 1is considered as imitating the Western diet, which
contains more saturated acids that i1s recommended [28]. HFD
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is often combined with administration of the low dose of STZ
(25-35 mg/kg) that promotes faster and more stable induction
of T2DM [29]. The HFD/STZ model 1is believed to imitate the
pathogenesis of T2DM (from insulin resistance to p-cell
dysfunction) as well as the complications of chronic DM such
as cardiovascular, renal, and liver damage [30, 31].

Conclusions: The animal models of diabetes play an
important role in modern biomedical research, making a
background for the detailed study of pathogenesis,
progression, and complications of both insulin-dependent and
insulin-resistant diabetes. The variety models that differ in
methods of diabetes induction and phenotype, indicate the
complexity of pathobiochemical processes which make the basis
for development of DM. A thorough understanding of advantages
and limitations of each model is key for the informed choice
of experimental design and interpretation of the data of
experiment. It allows researchers to develop the effective
therapeutic strategy aiming to prevent the development and
progression of DM and its complications, as well as to
evaluate the potential risks and benefits of the new
therapeutic approaches before clinical trials.
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