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Abstract
·Diabetes is a complex and heterogeneous disorder presently

affecting more than 100 million people worldwide and causing
serious socio-economic problems. Spontaneous rodent models
of diabetes mellitus have proved invaluable in understanding
the pathogenesis, complications, and genetic or environmental
influences that increase the risks of diabetes. We have
reviewed here in the development and characterization of
spontaneous rodent models that displayed most features
commonly associated with diabetic retinopathy.
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INTRODUCTION

D iabetes mellitus is a term that is used loosely to
describe a complex and heterogeneous disorder simply

characterized by hyperglycemia (elevated blood sugar
levels). Diabetes mellitus has occurred in humans at least
4000 years. In 1966, it was proposed that the same may be
true in animals, particularly those living in association with
humans, whether as domestic animals or as animals bred in
the laboratory[1].
An animal model is defined as "a living organism with an
inherited, naturally acquired, or induced pathological
process that in one or more respects closely resembles the
same phenomenon occurring in man". Animal models of
diabetes mellitus can be caused by anti-insulin serum,

pancreatectomy, glucose infusion, 茁-cytotoxic agents, and
viruses; or caused by diabetogenic nutritional and hormonal
factors. Some models spontaneously develop non-insulin-
dependent or insulin-dependent diabetes [2]. Selective
inbreeding has produced several strains of animal that are
considered reasonable models of type 1 diabetes(T1D), type 2
diabetes (T2D) and related phenotypes such as obesity and
insulin resistance. Apart from their use in studying the
pathogenesis of the disease and its complications, all new
treatments for diabetes, including islet cell transplantation
and preventative strategies, are initially investigated in
animals[3]. Here we review the spontaneous rodent models of
diabetes and their application on retinal research.
SPONTANEOUS MODELS OF TYPE 1 DIABETES
There are several spontaneous rodent models of type 1
diabetes, two of which have been extensively studied: the Bio-
Breeding (BB) rat and the non-obese diabetic (NOD) mouse[4].

NOD Mouse The NOD mouse was developed by
selectively breeding offspring from a laboratory strain that in
fact was first used in the study of cataract development [5,6].
Insulitis is present when the mice are 4-5 weeks old,
followed by subclinical 茁-cell destruction and decreasing
circulating insulin concentrations. Frank diabetes typically
presents between 12 and 30 weeks of age. An autoimmune
lesion involving lymphocytic infiltration and destruction of
the pancreatic 茁-cells leads to hypoinsulinemia, hypergly-
cemia, ketoacidosis, and death. There is a larger gender
difference with 90% of females and 20% of males
developing diabetes in NOD mice[7].
Type 1 diabetes is a polygenic disease. Both in human and
in NOD mouse type 1 diabetes, the primary susceptibility
gene is located within the MHC [8]. NOD mouse represents
probably the best spontaneous model used in genetic and
immunologic studies and seems particularly analogous to
human Type 1 diabetes. It has provided not only essential
information on type 1 diabetes pathogenesis, but also
valuable insights into mechanisms of immunoregulation and
tolerance. Importantly, it allows testing of immuno-
intervention strategies potentially applicable to man[9,10].
Type 1 Bio -Breeding Rat Models The Bio-Breeding
(BB) rat was first recognized in the Bio Breeding
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Laboratories in 1974 [11]. It is extremely useful for studying
both spontaneous diabetic-prone (BBDP) and induced
diabetic-resistant (BBDR) diabetes and associated diabetic
complications[12]. As in human type 1 diabetes, the syndrome
in BB rats is characterized by hyperglycemia, lymphocytic
insulitis, and the presence of antibodies to islet cell surface
molecules. In common with the NOD mouse, the pancreatic
islets are subjected to an immune attack with T cells, B
cells, macrophages and natural killer cells being recruited to
the insulitis[13,14]; the susceptibility gene is located within the
MHC [15]. A variety of auto-antibodies, including glutamic
acid decarboxylase (GAD), have been reported in both BB
rats and the NOD mouse, although it remains far from clear
which, if any, of these are primary autoantigens[16-18].
It is believed that the development of diabetes in the model
is secondary to a cell-mediated autoimmune process and
may have implications for the pathophysiology of type 1
diabetes in humans. BBDP rats are prone to the long-term
complications of diabetes such as neuropathy and
retinopathy that occur in this model are very similar to
complications in human diabetics[19].
SPONTANEOUS MODELS OF TYPE 2 DIABETES
Numerous spontaneous rodent models have been used to
model various defects of human type 2 diabetes, such as
Otsuka Long Evans Tokushima fatty (OLETF), Goto-
Kakizaki (GK), Akita mice and Akimba mice that showed
the some characteristics of these animal models same as
human.
OLETF Rat Selective breeding for more than 20
generations has led to the generation of a spontaneously
diabetic strain of Long-Evans rats that displays polyuria,
polydipsia, and slight obesity [1,20]. The OLETF rat develops
hyperphagia and insulin resistance between 12 and 24 weeks
of age, and mild obesity, hyperglycemia, and hyperinsulinemia
between 20 and 28 weeks of age. By 40 weeks of age, the
diabetic rats are hypoinsulinemic and exhibit defects in
insulin secretion[21]. Obese OLETF rats are unable to control
individual meal size due to the loss of cholecystokinin-A
receptors [22,23]. These rats have proven useful in studying the
effects of exercise and diet on the development of type 2
diabetes, to test the efficacy of antidiabetic agents, and to
study the complications of diabetes[24-26].
GK Rat The GK rat is a widely accepted model for research
in type 2 diabetes. The GK rat was created by selective
breeding of Wistar rats for oral glucose intolerance [27]. There
are at least two loci responsible for high blood glucose in
GK rats [28]. Males and females become diabetic at weaning
age, most likely due to an over all inherent lack of normal
beta cell mass. Diabetes in the GK rat is characterized by
fasting hyperglycemia, impaired secretion of insulin in

response to glucose, and hepatic and peripheral insulin
resistance. Late onset complications such as retinopathy,
microangiopathy, neuropathy, and peripheral nephropathy
have been described in the literature[29,30].
Type 2 Bio-Breeding Rat Models This model has been
extremely useful for studying both spontaneous diabetic-
prone (BBDP) and induced diabetic-resistant (BBDR)
diabetes and associated diabetic complications [12]. In this
strain, diabetes is manifested by lymphopenia, obesity,
hyperinsulinemia, and auto immune diabetes. Islets from
obese rats reveal beta-cell hyperplasia, and diabetes
develops due to a combination of insulin resistance and
autoimmune insulitis. So the BBZDP/Wor rat is often
complicated by the presence of both type 1 and type 2
diabetes characteristics[31,32].
Akita Mice Akita mice, a model of spontaneous
early-onset diabetes mellitus, are from the C57BL/6
background with a dominant mutation in the Ins2 gene,
which results in a loss of beta cell function and failed insulin
secretion 4-6 weeks postpartum. Symptoms in Akita mice
include hyperglycemia, hypoinsulinemia, polydipsia, and
polyuria, beginning around 3-4 weeks of age. The diabetic
phenotype is more severe and progressive in the male than
in the female. Obesity or insulitis does not accompany
diabetes [33]. The mean lifespan of diabetic male mice on the
C57BL/NJcl background (305 days) was significantly
shorter than that of nondiabetic males in another colony of
the same strain (690 days). Akita mice will serve as an
excellent substitute for mice made insulin dependent
diabetic by treatment with alloxan or streptozotocin[34,35].
AKimba Mice The AKimba mice have been produced
through crossing homozygous Kimba mice with Akita mice
in Lions Eye institutes (LEI) in Australia. Kimba is a
transgenic mouse model of retinal neovascularization. The
AKimba mouse demonstrates features exhibited by the Akita
as well as the Kimba mice[36].
DIABETIC RETINOPATHY
The frequency of diabetic retinopathy increases proportionally
to the duration of diabetes and blood glucose control.
Microaneurysms are the earliest clinically visible manife-
station of background retinopathy. Additional microvascular
abnormalities result from significant vascular occlusion and
characterize the preproliferative retinopathy stage. Appro-
ximately 50% of patients who reach the preproliferative
stage will progress to proliferative retinopathy within 15
months[37].
Most present diabetic rodent models can be used to study
the initial or latent phase diabetic retinopathy. Matsuura
showed that the peak latency of oscillatory potential (OP),
the earliest electroretinographic manifestation of diabetic
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retina, was prolonged and retinal acellular capillaries and
pericyte ghosts, the characteristic morphological changes in
early diabetic retinopathy were not accelerated in OLETF
rat[38]. Thinning of inner nuclear layers and outer retina were
observed [35,39]. These observations suggested that retinal
neuronal changes takes place prior to the angiopathic
diabetic changes in diabetic rodents. Retinal complications
including increased vascular permeability, thicker basement
membranes, caliber irregularity, narrowing, tortuosity and
loop formations of capillaries in these animals were similar
to those seen in diabetic patients[35,40].
It was reported that apoptosis of retinal microvascular cells
(RMC) was increased and oxidative stress promoted the
apoptosis of RMC in diabetic GK rats, similar to that in
diabetic patients. Furthermore, a combination of vitamins C
and E and an advanced glycation end-products inhibitor
mostly inhibited this increased apoptosis and ameliorated
diabetic retinopathy. It indicated that apoptosis of RMC was
a good marker of the progression of diabetic retinopathy in
GK rats [41]. Vascular endothelial growth factor (VEGF) and
hypoxia inducible factor-1 (HIF-1) levels in ocular tissue of
GK rats [42] and NOD mice [43] were evaluated by ELISA and
immunohistochemical studies. Increased VEGF and HIF-1
production in certain ocular tissue, similar to that in humans,
are observed quite early. Lower levels of glutathione and
normal endothelial/ pericyte ratio in GK rat retina indicated
that impaired glucose metabolism may influence one of the
defense mechanisms for oxidative stress and that decreased
glutathione levels occur prior to morphological signs of
pericyte loss and/or endothelial cell proliferation in this
diabetic animal model[44].
Few diabetic rodent models can present features of the
advanced diabetic retinopathy. BBZDR/Wor rats progress to
late stages of preproliferative retinopathy (PPDR) but do not
demonstrate proliferative (PDR) aspects of the disease [45,46].
The AKimba mouse was hyperglycemic and developed
retinopathy resembled the late stages of PPDR and the stage
of PDR. The retinopathy includes increased permeability,
capillary dropout, retinal non-perfusion, vein beading,
hemorrhage, neovascularisation and retinal detachment.
In a word, spontaneous rodent models of diabetes mellitus
have proved invaluable in understanding diabetes and
diabetic retinopathy. The work comparing and contrasting
type 1 and type 2 diabetic rodent models should help
elucidate detailed molecular mechanisms behind diabetic
complications, and help lead to the development of better
therapeutics to treat diabetes and diabetic retinopathy.
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