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ABSTRACT
Diabetes mellitus is a potentially morbid condition with high
prevalence worldwide thus the disease constitutes a major health
problem. Animal models have extremely contributed to the study
of diabetes mellitus, a metabolic disease with abnormal glucose
homeostasis, due to some defect in the secretion or the action of
insulin. They give researchers the opportunity to control in vivo
the genetic and environmental factors that may influence the
development of the disease and establishment of its
complications, and thus gain new information about its handling
and treatment in humans. Most experiments are carried out on
rodents, even though other species with human-like biological
characteristics are also used. Animal models develop diabetes
either spontaneously or by using chemical, surgical, genetic or
other techniques, and depict many clinical features or related
phenotypes of the disease. In this review, an overview of the most
commonly used animal models of diabetes are provided,
highlighting the advantages and limitations of each model, and
discussing their usefulness and contribution in the field of diabetes
research.
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INTRODUCTION
Diabetes
mellitus
is
characterized
by
hyperglycemia,
hypercholesterolemia,
and
hypertriglyceridemia, resulting from defects in
insulin secretion or reduced sensitivity of the tissue
to insulin (insulin resistance) and/or combination
of both1. The worldwide survey reported that the
diabetes is affecting nearly 10% of the population2.

It is the third leading cause of death (after heart
disease and cancer) in many developed countries.
Two major types of diabetes, one
associated with insulin deficiency called Type-I or
insulin dependent diabetes mellitus (IDDM) and
other one is associated with insulin resistance
called Type-2 or Non insulin dependent diabetes
mellitus (NIDDM). Type-I is associated with a
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specific and complete loss of pancreatic beta calls.
Type-II is the most common type and associated
with obesity, hyperinsulinemia and insulin
resistance3.
It is a serious endocrine syndrome with poor
metabolic control and responsible for increased
risk of cardiovascular diseases including
atherosclerosis, renal failure, blindness or diabetic
cataract worldwide 4.
Moreover, diabetes research in humans is
impeded by obvious ethical considerations,
because provocation of disease is strictly
impermissible in man. Animal models of diabetes
are therefore greatly useful and advantageous in
biomedical studies because they offer promise of
new insights into human diabetes.5
Most of the available models are based on
rodents because of their small size, short
generation interval, easy availability and economic
considerations. The large number of different
models developed for different traits and
insufficient characterization of some models make
it difficult to choose the right model for a given
study (including pharmacological screening) and at
times leading to misinterpretation of data or even
to the wrong conclusions. It is also very important
to select appropriate animal model for the
screening of new chemical entities (NCEs) and
other therapeutic modalities for the treatment of
type 2 diabetes.6
Oral glucose loading animal model:
This method is often referred to as
physiological induction of diabetes mellitus
because the blood glucose level of the animal is
transiently increased with no damage to the
pancreas. In the clinical setting, it is known as
Glucose tolerance testing (GTT): a standard
procedure often used for the diagnosis of border
line diabetes. In this procedure, the animals are
fasted overnight, treatment with test drug is given
then oral glucose load (1- 2.5 g/kg body weight) is
given and blood glucose level is monitored over a
period of time. Glucose clearance period is
observed. 7
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Disadvantage:
This method found to produce a widely fluctuating
level in result.
This method used only for preliminary screening of
newer antidiabetic drugs.
Normoglycemic animal model:
Normal healthy animals can be used for
testing potential of oral hypoglycemic agents. This
is still a valid screening method which is often used
in addition to diabetic animal models (Williamson
et al., 1996). This method allows for the effect of
the drug to be tested in the animal with an intact
pancreatic activity. For the evaluation of
hypoglycemic agents, the animals have free access
to normal diet till the experiment. Test drug will be
administered. Blood is withdrawn at 1,2,3,4,5,48
and 72 hour after treatment. Blood glucose level is
determined. In normoglycemic animal model
mostly rat, rabbit, dog will be used.8
Disadvantage of normoglycaemic animal model:
A result obtained by this method is not accurate.
Chemically induced diabetes:
Chemical which induces diabetes is called as
diabetogenic agent. Chemical agents which
produce diabetes can be classified into three
categories, and include agents that: Specifically
damage β- cell, cause temporary inhibition of
insulin production and/ or secretion and diminish
the metabolic efficacy of insulin in target tissue.
Alloxan induced diabetes:
Alloxan may be called mesozalylurea,
mesoxalylcarbamide 2, 4, 5, 6- tetraoxohexa
hydropyrimidine or pyimidinetetrone. Alloxan is a
uric acid derivative and is highly unstable in water
at neutral pH, but reasonably stable at pH 3.
Species
Dose
Route
Rat
40-200mg/kg
i.v or i.p.
Mice
50-200 mg/kg
i.v or i.p.
Rabbit
100-150 mg/kg i.v.
Dog
50-75 mg/kg
i.v.
Mechanism of diabetogenic action of alloxan:
Oxidative free radical (OFR) has been implicated
in the etiopathogenesis of clinical diabetes
mellitus. After injection of alloxan in rats, it is

Available online on www.ijprd.com
24

International Journal of Pharmaceutical Research & Development
selectively taken up by islets and hepatocytes.
The liver has a very high concentration of OFR
scavenging Enzymes such as superoxide
dismutase (SOD), catalase and glutathione
peroxides (GPX), which are by comparison low in
the islet cells. After administration alloxan get
converted in to dialuric acid in islets which is
unstable and is oxidized back to Alloxan, a
reaction accompanied by reduction of oxygen to
the OFR, O2- and H2O2- , the later, through a
Fenton type reaction in the presence of
transition metals generates the highly toxic OFR,
OH-. Increased production of OFR in the islets,
together with inadequate defense makes the βislet cells susceptible to alloxan. Alloxan induces
membrane lipid peroxidation and extensive DNA
strand breakage in these cells. In normal nonfasted animals the blood glucose level after
Alloxan injection fluctuates in a triphasic
pattern. Alloxan acts by selectively destroying
the pancreatic beta islets leading to insulin
deficiency, hyperglycemia and ketosis. 9
Triphasic response of Alloxan:
1. Early hyperglycemia of short duration (about
1-4 hr) due to a sudden short lasting decrease
or cessation of insulin release and direct
glycogenolytic effects on the liver.
2. Hyperglycemia phase lasting up to 48 hrs and
often resulting in convulsion and death
3. Chronic diabetic phase consequence of
insulin lack histologically only a few β- cells if
any are detectable in animals with fully
developed alloxan diabetes. Exogenous
insulin readily restores normal blood glucose
levels. 10
Disadvantage of Alloxan as diabetogenic agent:
• Hyperglycemia develops primarily by direct
cytotoxic action on the beta cells and insulin
deficiency rather than consequence of insulin
resistance.
• Variability of results on development of
hyperglycemia is perhaps high.
• Mortality of Alloxan induced diabetic animal is
more (37%)
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Diabetes induced by alloxan is less stable and
time reversal.
• Causes ketosis in animals due to free fatty acid
generation.
Goldthioglucose (GTG) obese diabetic mouse
model:
Type 2 diabetes with obesity is induced in mice
by Goldthioglucose (GTG) (150-350 mg/kg, i.p.)
injection. Mice gradually develop obesity,
hyperinsulinaemia, hyperglycemia, and insulin
resistance over a period of 16- 20 wk after GTG
injection. The GTG is transported in particular to
the cells of ventromedial hypothalamus (VMH)
and causes necrotic lesions, which subsequently is
responsible for the development of hyperphagia
and obesity. It also shows increased body lipid and
hepatic lipogenesis and triglyceride secretion,
increased adipose tissue lipogenesis and
decreased glucose metabolism in muscle,
abnormalities that are qualitatively similar to
genetically obese mice (ob/ob). In addition, it
exhibits many molecular defects in relation to
insulin signaling pathways. 11
Disadvantage of GTG as diabetogenic agent:
• It will take long time to induce insulin
resistance;
• Variability of results on development of
hyperglycemia is perhaps high.
• Number of mortality following GTG injection is
extremely high which limits its use in diabetes
research.
• Expensive
•

Streptozotocin (STZ) induced diabetes:
Streptozotocin is an antibiotic derived from
Streptomyces achromogenes and structurally is a
glucosamine derivative of nitrosourea. Type of
diabetes and characteristics differ with the
employed dose of STZ in different animal and
species. Single diabetogenic dose of STZ (70250mg/kg, body weight) has been demonstrated
to induce complete destruction of beta cells in
most species within 24 hour. 5
STZ induces diabetes in almost all species.
Diabetes can be induced by STZ either by either by
single injection of STZ or by multiple low dose
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injection of STZ. STZ is the most commonly used
drug for induction of diabetes in rats. 12
STZ diabetic animals are most widely used
for screening the compounds including natural
products for their insulinomimetic, insulinotropic
and other hypoglycaemic/ antihyperglycaemic
activities.
Initial hyperglycemia is observed by 1 hour
after the STZ injection followed by hypoglycemia
and again a hyperglycemia state at 48 hours, the
elevated blood glucose level was observed by 4872 hrs (peak, effect) and was maintained
thereafter. 13
Different mechanisms of action on the βcells destruction by STZ have been proposed. The
The doses of STZ as diabetogens in different species:
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evidences are accumulating on the mechanisms
associated with diabetogenecity of STZ. Its
nitrosourea moiety is responsible for beta cell
toxicity, while deoxyglucose moiety facilitates
transport across the cell membrane. Their main
action is through free radical generation. Other
report proposed that STZ exerts lethal damage by
alkylation to the DNA. STZ also influences the
Immune system by suppressing the T-cell function
associated with atrophy of the thymus and
peripheral lymphoid tissue. STZ also induces OFR
induced lipid peroxidation and DNA strand
breaking in pancreatic islet cells. STZ have been
shown to significantly reduce islet cell SOD activity
in rats and mice. 6

Species

Dose

Route

Rat

35-65

i.v. or i.p.

Mice

100-200

i.v. or i.p.

Hamster

50

i.p.

Dog

20-30

i.v.

Pig

100-150

i.v.

Neonatal Streptozotocin induced diabetes rat
model (nSTZ):
Single dose of STZ to the neonatal rat will induce
Type-2 diabetes. Single dose of STZ 100 mg/kg i.p.
to the one day old pup and 120 mg/kg i.p. to the
two, three, or five day old pups induce the
diabetes. The neonatal STZ rats are considered to
be better tools for the elucidation of the
mechanisms associated with regeneration of the
beta cells, the functional exhaustion of the beta
cells and the emergence of defects in insulin
action. 14,15
Nicotinamide-Streptozotocin (NAD-STZ) induced
diabetic model:
The rats administered NAD (120 mg/kg, ip) 15 min
before STZ (60 mg/kg, ip) has been shown to
develop moderate and stable non-fasting
hyperglycemia without any significant change in
plasma insulin level. As NAD is an antioxidant
Available online on www.ijprd.com

which exerts protective effect on the cytotoxic
action of STZ by scavenging free radicals and
causes only minor damage to pancreatic beta cell
mass producing type 2 diabetes. Therefore, this
model is found to be an advantageous tool for
investigation of insulinotropic agents in the
treatment of type 2 diabetes. 16
Disadvantage of STZ as diabetogenic agent:
• Mortality of STZ induced diabetic animal is 7%
• Variability of results on development of
hyperglycemia is perhaps high.
• Hyperglycemia develops primarily by direct
cytotoxic action on beta cells and insulin
deficiency rather than consequence of insulin
resistance.
• Guinea pig and rabbits are resistant to its
diabetogenic action.
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Differences between Alloxan and Streptozotocin:
Alloxan
Maximum blood glucose level during
phase of acute hyperglycemia occurs
within 45 min.
Liver glycogen depletes faster
Hypoglycemia less severe
Mortality rate 37%
Dithizone induced diabetes:
Organic
agents
(8-(p-toluenesulfonylamino) quinoline) (TSQ) react with zinc in
islets of Langerhans causing destruction of islet
cells and producing diabetes. Dithizone injection
at a dose level of 50-200 mg/ kg will produce
triphasic glycemic reaction. Initial hyperglycemia
will be observed after 2h & normoglycemia after
8h, which persist for upto 24 h. again
hyperglycemia, is observed after 24-72 h which
last for long period of time. 16, 17
Disadvantage of Dithizone as diabetogenic
action:
• Variability of results on development of
hyperglycemia is perhaps high.
• Mortality is more.
Surgically induced diabetes:
This method consists of complete or partial
removal of pancreas in animals used for the
induction of Type 1 or type 2 diabetes. Few
researchers have employed this model to explore
effects of natural products with animal species
such as rats, pigs, dogs and primates. 18, 19, 20 This
method avoids cytotoxic effects of chemical
diabetogens on other body organs and Resembles
human type 2 diabetes due to reduced islet beta
cell mass.
Partial
pancreatectomy
in
animals
performed as 70 or 90 per cent (usually 90%)
dissection of pancreas has been reported in various
animal species mostly in dogs, pigs, rabbit and also
Rats. Depending on the amount of intact
pancreatic cells, diabetes may range in duration
from few days to several months. 21 This
experimental design permits to evaluate if the
compound has some effect upon both resistance
and secretion of insulin.
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Streptozotocin
Maximum blood glucose level during
phase of acute hyperglycemia occurs
within 120 min.
Liver glycogen depletes slowly
Hypoglycemia more severe
Mortality rate 8%
Total removal of pancreas results in an
insulin-dependent form of diabetes, and insulin
therapy is required to maintain experimental
animals. The portion of the pancreas usually left
intact following a subtotal pancreatic resection is
typically the anterior lobe or portion thereof.
The use of pancreatectomy in combination with
chemical agents, such as Alloxan and STZ, produces
a stable form of diabetes mellitus in animals. The
combination therapy reduces the organ damage
associated with chemical induction and minimizes
the
interventions,
such
as
enzyme
supplementation, necessary to maintain a
pancreatectomized animal. 22 Limitation to this
technique include high level of technical expertise
and adequate surgical room environment, major
surgery and high risk of animal infection, adequate
post-operative
analgesia
and
antibiotic
administration, supplementation with pancreatic
enzymes to prevent malabsorption and loss of
pancreatic counter regulatory response to
hypoglycemia.
Disadvantage of surgically induced diabetic animal
model:
• Surgical removal of pancreas results in loss of
α- and δ- cells in addition to β-cells. This
causes loss of counter-regulatory hormones,
glucagon and somatostatin.
• The total resection of the pancreas in rat is
very difficult to achieve and the development
and severity of the diabetic state appear to be
strain specific.
• Involvement of cumbersome technical and
post operative procedures.
• Occurrence of some other digestive problems
(as a result of part of excision of exocrine
portion (deficiency of amylase enzyme)
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• Mortality is comparatively higher.
Diabetes induced by viral agent:
Viruses are thought to be one of the agents
for IDDM. Viruses produce diabetes mellitus by:
Destroying and infecting pancreatic beta cells. A
less infecting or cytologic variant producing a
comparable damage by eliciting immune auto
reactivity to the β-cells. 23
Various human viruses used for inducing diabetes
include RNA picornoviruses, Coxackie B4,
encephalomylocarditis (EMC-D and M variants),
Mengo-2T,
reovirus,
and
lymphocytic
24
choriomeningitis.
Primary isolates of these human pathogenic
agents are not pancreatotrophic or lytic to mouse
beta cells and must be adapted for growth either
Susceptible mouse strain:
Virus
EMC-D or M variant
Kilham rat virus
Reo
CB4
Mengo-2T
Disadvantage of virally induced diabetes:
• A virus produces systemic effect, not directly
affecting the β-cells.
• Mortality is comparatively higher.
• Highly sophisticated and costly procedure for
induction and maintenance.
Hormone-induced diabetes mellitus:
Dexamethasone induced diabetes:
Dexamethasone,
steroid
possessing
immunosuppressant action, which causes an
autoimmune reaction in the islets and produces
diabetes. Long acting glucocorticoid used to
produce NIDDM. Dexamethasone, the GLUT1
protein expression level was decreased, which
possibly caused decreased basal glucose uptake.
On the other hand, dexamethasone treatment did
not alter the amount of GLUT4 protein in total cell
lysates but decreased the insulin-stimulated
GLUT4 translocation to the plasma membrane,
which possibly caused decreased insulin-
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by inoculation into suckling mice, or by passage in
cultured mouse beta cells.25
Infection of mice with the M variant of
encephalomyocarditis (EMC) virus results in beta
cell damage and a clinical picture characterized
by
hyperglycemia, glycosuria, polydipsia,
polyphagia, and hypoinsulinamia. Adult male ICR
Swiss mice are susceptible to the diabetogenic
effect of the D-variant of encephalomyocarditis
virus in contrast to adult CH/HCT male mice, which
are relatively resistant. 26,27
Coxsackie B4 virus is strongly associated
with the development of insulin-dependent
diabetes mellitus in humans and shares sequence
similarity with the islet auto antigen glutamic acid
decarboxylase. 28
Susceptible mouse strain
SJL/L, SWR/J, DBA/1J, DBA/2J,BALB/c
BB-DR
SJLj
SJL/J
SJL, C57BL/6J, CBA/J, C3H/HCJ, CE/J AKR/J
stimulated glucose uptake. Insulin resistance may
result from decreased muscle blood flow,
impaired cellular glucose transport, or intracellular
deficits of glucose metabolism. Dexamethasone at
a dose level of 2-5 mg/kg body weight i.p. twice a
day in rat over a number of days produces NIDDM.
28,29

Disadvantage of hormonal induced diabetes:
• Variability of results on development of
hyperglycemia is perhaps high.
• Induction rate is less comparatively.
Genetically induced diabetic animal model:
Spontaneously diabetic animals of type 2
diabetes may be obtained from the animals with
one or several genetic mutations transmitted from
generation to generation (e.g. db/db mice)
or by selected from non-diabetic out bred animals
by repeated breeding over several generation
[e.g.,BB rat, Tsumara Suzuki Obese Diabetes
(TSOD) mouse]. These animals generally inherited
diabetes either as single or multigene defects.
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(e.g. KK mouse, db/db mouse, or Zucker fatty rat).
Zukker Diabetic Fatty Rat (ZDF): These arose from
the inbreeding of a substrain of fa/fa (leptin
receptor−deficient)
rats
that
exhibited
hyperglycemia. Zucker diabetic fatty (ZDF) rat is
associated with disruption of normal islet
architecture, β-cell degranulation, and increased
β-cell death. In this strain all animals develop
obesity, insulin resistance and overt NIDDM
between 7 and 10 weeks of age, by which time
their average plasma glucose exceeds 22 mM. 31
BB rat (Biobreeding rat): Biobreeding rat also
known as the BB or BBDP rat is an
inbred laboratory rat strain that spontaneously
develops autoimmune Type 1 Diabetes. The BB rat
is among the best models of insulin−dependent
diabetes mellitus — with onset and pathogenesis
closely resembling the human disease. One
unusual feature is a severe T−cell lymphopenia,
which appears to be inherited as a recessive trait
controlled by a single gene. 32
db/db mouse: The db/db (diabetic) mouse (now
relabeled as leprdb) is originally derived from an
autosomal recessive mutation on chromosome 4
in mice of C57BL/KsJ strain originating from Bar
Harbor, Maine .The mutation in this diabetic
animal was traced to db gene, which encodes for
the leptin receptors. These mice are
spontaneously hyperphagic insulin oversecretors
becoming
obese,
hyperglycaemic,
hyperinsulinaemic and insulin resistant within first
month of age and develop hypoinsulinaemia,
hyperglycaemia later with a peak between 3-4
months of age. Animals then exhibit ketosis,
progressive body weight loss and do not survive
longer than 8-10 months. 33
KK mouse: KK (Kuo Kondo) mouse is polygenic
model of obesity and type 2 diabetes produced by
selective inbreeding for the large body size in
Japan, also named as Japanese KK mouse. These
animals are hyperphagic, hyperinsulinaemic,
insulin resistant and show moderate obesity by 2
months of age, which attains maximum at 4-5
months. Insulin resistance precedes the onset of
obesity. The increase in pancreatic insulin content
is associated with increase in number and size of
Available online on www.ijprd.com
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pancreatic islets but histologically degranulation
of beta cells and hypertrophy of islets are found.
There is selective failure of insulin to suppress
gluconeogenic pathway, while exerting its
inductive effect on glycolysis and lipogenesis as
seen in hepatic insulin resistance of db/db mouse.
34,35

TSOD mouse: By selective breeding of obese male
mice of ddY strain, Tsumara and Suzuki described
the two inbred strains, one with obesity with
increase in urinary glucose named TSOD (Tsumara
Suzuki Obese Diabetes) and other without them
(TSNO, Tsumara Suzuki Non Obese). TSOD mouse
is of polygenic origin and characterized by
polydipsia and polyuria at about 2 months old only
in male mice followed by hyperglycaemia and
hyperinsulinaemia.
Following these symptoms, obesity gradually
develops until about 12 months. Pancreatic islets
of TSOD male mice are found hypertrophic
without any signs of insulitis or fibrous formation.
It has been shown that the reduced insulin
sensitivity in diabetic TSOD mice is due, at least in
part, to the impaired glucose transporter (GLUT4)
translocation by insulin in both skeletal muscle
and adipocytes. 37,38, 39
Knockout animals:
Knockout animals are
produced by using a genetic construct that will
disrupt normal gene. Construct is developed,
which contains DNA sequence homologues to the
target gene but that are disrupted or contain a
deletion. These are injected into embryonic stem
cells (ES) and will undergo recombination with the
normal gene, causing it to be ‘knocked out’. These
will implant into the mouse embryos and
transferred to the oviducts of psudopregnant mice
and allowed to develop to term. 40
Effect of single gene or mutation on diabetes can
be investigated in vivo
This approach has been used to produce a large
number of animals to understand the
pathogenesis of Type 1 and Type 2 diabetes. 41, 42
Disadvantage of knock out diabetic animals:
• Expensive for regular screening method.
• Highly sophisticated and costly procedure for
the production and maintenance.
29
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Insulin Antibodies-induced diabetes:
Bovine insulin along with CFA to guinea pigs
produces anti-insulin antibodies. i.v. injection of
0.25-1.0 ml guinea pig anti-serum to rats induces a
dose dependent increase in blood glucose levels
upto 300 mg/dl. This effect is due to neutralization
of endogenous insulin by insulin antibodies. It
persists as long as the antibodies are capable of
reacting with insulin remaining in the circulation.
Large doses and prolonged administration are
accompanied by ketonemia, ketonuria, glycosuria
and acidosis. 43
Disadvantage of Insulin Antibodies-induced
diabetes:
• Lower dose, the diabetic syndrome is reversible
after few hours.
• Expensive.
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