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ABSTRACT

Diabetes is a metabolic disease characterized by the presence of hyperglycemia resulting from either defects in insulin secretion or action or both.
Various processes are involved in the development of diabetes. These range from autoimmune destruction of the insulin-producing cells, B-cells of
the pancreas, a dysfunction of the pancreatic B-cell, and impaired insulin action through insulin resistance. Experimental diabetes in animals are
widely induced by administration of alloxan and streptozotocin at a proper dose. The mechanism of their action in pancreatic -cells has been
extensively investigated. Reactive oxygen species are responsible for the cytotoxic action of both these diabetogenic agents. However, the source of
their generation is different in the case of alloxan (ALX) and streptozotocin (STZ). In one of the study, it is also showed that the administration of a
high-fat diet (HFD) to rats for 16 w showed a progressive increase in body weight, energy intake, abdominal fat deposition, and abdominal
circumference along with impaired glucose tolerance, dyslipidemia and hyperinsulinemia. Administration of alloxan or streptozotocin in addition

with HFD is also able to induce diabetes in an experimental rat model.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder that can alter
carbohydrate, protein, and fat metabolism. It is caused by the absence of
insulin secretion due to B-Langerhans islet cells destruction of the
pancreas to produce insulin caused by an autoimmune process, usually
leading to absolute insulin deficiency, or due to defects in insulin uptake
in the peripheral tissue known as insulin resistance [1]. DM is broadly
classified under two major categories, which include insulin dependent
diabetes mellitus (IDDM, type I diabetes) and non-insulin dependent
diabetes (NIDDM, type II diabetes) [2] Type I diabetes mellitus (T1DM)
is the most prevalent type of diabetes among children and young adults
in developing nations, and was formally termed juvenile diabetes. Type I
diabetes is thought to result in people whose immune systems are
genetically predisposed to develop a vigorous autoimmune response
against B-pancreatic cell antigen, while Type 2 diabetes mellitus (T2DM)
results from the failure of the body to respond to insulin, known as
insulin resistance, along with the inability to produce enough insulin to
overcome this insulin resistant state. This common form of diabetes is
often associated with obesity [3].

Animal models have played a great role in the study of diabetes. Such
animal models allow the researchers to study the in vivo, genetic, and
environmental factors that may influence the development of the disease
and its secondary complications, thus gaining useful information for its
management and treatment in humans. The first method of
experimental diabetes was induced by total or partial pancreatectomy.
The second method of producing diabetes was by means of anterior
pituitary extract. The third method of experimental diabetes was
produced in 1943 by the administration of alloxan after the discovery by
Dunn, Sheehan and McLetchie that this substance can cause necrosis of
the pancreatic islets of langerhans in rabbits. There are many animal
models of diabetes, some may develop the disease spontaneously or in a
diet-induced manner, While others may show a genetic predisposition to
the disease [4-7]. The rodent models of diabetes are induced by
chemicals, biological agents, peptides, potentiators, and steroids but
most commonly used chemicals agents are alloxan and streptozotocin in
addition to the high fat diet.

Induction of diabetes
Alloxan

Dunn, Sheehan and McLetchie at the University of Glasgow in 1943
reported that the administration of alloxan can cause necrosis of

pancreatic islet in rabbits. In 1937 Jacobs observed that alloxan can
exert its effect in blood glucose levels, but had studied only the early
hypoglycemia; but did not carry out the study on animals for a
sufficient period of time so as to study the development of
hyperglycaemia [8-10] Very soon many other findings were
confirmed by other investigator and introduced the term "alloxan
diabetes” [11-13].

Alloxan is a diabetogenic agent which is used for the induction of
experimental diabetes in animals such as rabbits, rats, mice and dogs.
It is basically a urea derivative which causes selective necrosis of the
pancreatic islets. [14, 15] Alloxan can be administered intravenously,
parenterally, subcutaneously or intraperitoneally. The alloxan dose
usually depends on the animal species, route of administration and
nutritional status. Alloxan usually doesn’t have a promising effect in
human islets as it is more resistant to alloxan than those of the rat and
mouse [16]. The intravenous dose of this drug most frequently used to
induce diabetes in rats is 65 mg/kg b.w. [17]. The effective dose of
alloxan becomes higher 2-3 times when it is given intraperitoneally or
subcutaneously. The intraperitoneal dose should be above 150 mg/kg
b.w. for inducing diabetes in the rat. Usually fasted animals are more
susceptible to alloxan [18].

Mechanism of action

The mechanism of action of alloxan has been studied intensively in
vitro, and is now characterized quite well. The diabetogenic action of
alloxan in the pancreas is preceded by its rapid uptake by insulin-
secreting pancreatic beta cells. After its uptake, the reduction
process of alloxan occurs in the presence of different reducing
agents like cysteine, ascorbate, reduced glutathione (GSH), and
protein-bound sulfhydryl (-SH) groups [19, 20]. Alloxan has a high
affinity to bind with two-SH groups in the sugar binding site of
glucokinase resulting in the inactivation of the enzyme. Reduction of
alloxan results in the formation of dialuric acid which is then re-
oxidized back to alloxan. A redox cycle is established which
generates reactive oxygen species (ROS) and superoxide radicals.
The superoxide radicals are able to liberate ferric ions from ferritin
and reduce them to ferrous and ferric ions and they also undergo
dismutation to form hydrogen peroxide (H:0:). This leads to the
formation of, highly reactive hydroxyl radicals. ROS also has a
prominent effect on the DNA of the pancreatic islets. When the beta
cells are exposed to alloxan it causes DNA fragmentation and
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damage. In addition disturbances in intracellular calcium
homeostasis also has also been reported to play a major role in
diabetogenic action of alloxan. Alloxan has the ability to open
voltage-dependent calcium channels which results in the influx of
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calcium into pancreatic cells. The increased concentration of Ca%*ion
results in the supraphysiological release of insulin. The increased
concentration of insulin along with ROS eventually leads to the
destruction of beta cells of pancreatic islets [21, 22].

Table 1: Composition of HFD

Ingredients Diet(g/Kg)
Powdered NPD 365

Lard 310

Casein 250
Cholesterol 10

Vitamin and mineral mix 60
DL-Methionine 03

Yeast powder 01

Sodium chloride 01

Streptozotocin

Streptozotocin is a naturally occurring chemical isolated from
Streptomyces achromogenes; which used to produce both Type-1 and
Type-2 diabetes mellitus [23].

The dose range of the streptozotocin (STZ) is not as narrow as
compared to alloxan (ALX). The most frequently used single
intravenous dose is between 40 and 60 mg/kg b.w. to induce IDDM in
adult rats, but higher doses can also be used. A similar or higher dose
of STZ can be administered when it is administered intraperitoneally,
but single dose below 40 mg/kg b.w. may not be effective. STZ can also
be administered by an intravenous or intraperitoneal route on the day
of birth in rats at a dose of 100 mg/kg b.w. to induce type 2 diabetes.
At 8-10 w of age and thereafter, the rats treated with STZ exhibit mild
hyperglycemia [24, 25].

Mechanism of action

Streptozotocin prevents the synthesis of DNA (Deoxyribonucleic
acid) in the mammalian cells. STZ reacts with cytosine groups, which
results in the degeneration and destruction of DNA. The
streptozotocin enters the pancreatic cell via a glucose transporter-
GLUT2 (Glucose transporter 2) and this leads to alkylation of DNA.
Moreover, STZ also induces activation of polyadenosine diphoshate
ribosylation and release of nitric oxide. NO has a cytotoxic effect on
the pancreatic islet cells, and this leads to the necrosis of the cells
which finally lead to diabetes mellitus. Calcium does not play any
significant role in the destruction of pancreatic  cell induced by
STZ, as they do in the case of alloxan [26-28].

High-fat diet and low dose ALX/STZ induced hyperglycemia

According to the WHO, in 2016 more than 1.9 billion adults were
overweight, and among them, 650 million were obese [29].
Increased incidence of obesity results in a higher prevalence of
T2DM [30]. Hyperglycemia in rats by administration of STZ or ALX is
primarily due to the direct necrosis of the pancreatic beta cell, which
results in insulin deficiency rather than the consequence of insulin
resistance [31, 32]. Thus, they depict symptoms of human T1DM
rather than T2DM. In contrast, high-fat diet (HFD) fed rats develop
obesity, hyperinsulinemia, and insulin resistance and not frank
hyperglycemia [33, 34]. Hence, there exists a continued research
among the investigators to establish an ideal animal model to study
T2DM either by modifying the existing models or by developing
some new methodologies or by the combination of both [35].

The HFD was formulated as 58% fat, 25% protein and 17%
carbohydrate, as a percentage of total kcal [35, 36]. The fat plays a
major role as it is able to produce insulin resistance syndrome in
rats over a short period of time. It leads to increase in body weight
(obesity), hyperglycemia, hypertriglyceridemia, hyper-
cholesterolemia [37, 38]. HFD is able to induce insulin resistance
mainly through Randle or glucose-fatty acid cycle [39]. Due to excess
intake of fat the level of triglyceride increases and this leads to an
increased availability of fatty acid and oxidation. The use of
increased fatty acids for oxidation leads to an insulin-mediated

reduction of hepatic glucose output and reduces the glucose uptake
in skeletal muscle leading to hyperinsulinemia, which is a common
feature in case of insulin resistance [40-42]. The saturated fat (lard)
which gets deposited in various body fat pads which is present in
HFD might be responsible for increase in body weight and also
decrease in energy expenditure as compared to NPD-fed animals.
The composition of HFD is shown in table 1.

Many studies were also carried out to find a suitable dose of STZ that
is low enough to ensure the development of T2DM in HFD fed rats.
Different doses of STZ (25, 35, 45 and 55 mg kg, i. p.) were studied.
The HFD rat model with low dose of STZ (35 mg kg!) was
considered to be more effective to represent the pathophysiological
state of type 2 diabetes and was chosen for further studies. [37] In
another study Type 2 diabetes was induced using high-fat diet and
low-dose of streptozotocin (30 mg/kg). In this model, insulin
resistance is induced two weeks after HFD, followed by low-dose
administration of STZ which caused partial B-cell dysfunction.

In another study fasted rats were injected with alloxan in a dose of
55 mg/kg. The rats were confirmed hyperglycemic after 72 h post
alloxan administration. Simultaneously, diabetic rats were allowed
free access to HFD for the induction of diabetic dyslipidemia [43].

CONCLUSION

Official reports indicate that throughout the world the incidence of
Diabetes mellitus is increasing. To reduce the data, the development
of new antidiabetic drugs is important and many research is going
on for the development of more effective anti-hyperglycemic drugs.
Animal model plays a major role to study the mechanism of drugs
that may cause hyperglycemia. In this review, we have given an
overview of models used to induce diabetes and their mechanism of
action. Conclusively, there are many animal models which are used
to induce diabetes, which further help in the study of the
development of new anti-diabetic drugs.
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