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Several research teams have focused on finding the “ideal” animal model that reflects the pathophysi-
ological changes and closely simulates the metabolic characteristics of patients with type 2 diabetes.
However, the multitude of studies on this topic has resulted in large variations, making the models
difficult to compare, as the measured parameters vary significantly. Additionally, selecting the appro-
priate animal model for a new study has become more difficult due to the increasing number of back-
ground variables. This article gives a detailed overview of the literature, covering the entire range of
animal models and model characteristics, and most importantly, provides guidance for selecting the
most suitable model for specific research goals in the future.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Type 2 diabetes mellitus (DM) is a complex and heterogeneous
disorder that is estimated to affect more than 100 million people
worldwide, causing serious socio-economic problems [1].

Compared with the human form of this disease, animal disease
models are essential tools for studying the pathophysiology of this
disease, enabling therapeutic interventions to be developed within
a reduced time frame.

Researchers face the challenge that no single animal model
adequately reflects the human form of type 2 DM. This inadequacy
is due to the polygenic character of this disorder.

The authors of this manuscript have dealt with this issue in the
past and realized that no comprehensive literature review exists.
This review article aims to fill this void by covering the range and
characteristics of the various animal models and, most importantly,
to provide guidance for selecting the most suitable model for
specific research goals (Table 1).
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2. Animal model characteristics

Numerous studies have aimed to develop an animal model that
replicates the natural history and metabolic characteristics of hu-
man disease and that is suitable for pharmaceutical research, for
example [7].

The optimal animal model mimics the transition from pre-
diabetes to type 2 DM, when the secretory capacity of pancreatic
B-cells can no longer compensate for insulin resistance [12,13].

When studying type 2 DM, the utilization of an animal model
with a homogeneous genetic background is recommended. Ro-
dents are most commonly used due to their small size, short gen-
eration interval, easy availability and affordability. Furthermore, the
ideal model should not be inbred or genetically obese and should
be large enough for invasive physiological studies to be performed
[7].

A type 2 DM animal model can be created by either genetic,
dietary, chemical or surgical approaches. An overview of these
approaches and common examples are listed in Table 2.

Monogenetic rodent models for obesity and diabetes include
transgenic, generalized knockout and tissue-specific knockout an-
imals, such as ob/ob mice or obese Bucker (fa/fa) rats. However,
these do not sufficiently mirror human disease [4,5]. Most of these
models focus on only one aspect (e.g., atherosclerosis) of type 2 DM
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Table 1
Key objectives for the literature review

Key Objectives:
� Origin/source of animal models
� Characteristic features
� Key laboratory values
� Diet formulas
� Advantages and disadvantages
� Guidance for designing a type 2 diabetes animal study
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without reflecting all metabolic characteristics.
Animal models with high-fat diet (HFD)-induced insulin resis-

tance have been established with features that correlate well with
human pathophysiology [6-9].

However, despite all the advances made, controversies still
remain regarding the most suitable diet-induced animal model
[10]. A major problem with existing models is the lack of compa-
rability among the non-standardized, disease-defining laboratory
parameters. In addition, the meaningfulness of studies based on
these models is limited due to accompanying hypertension and the
fact that these rodent strains are highly inbred [7]. Moreover, some
models even lack detailed descriptions of the HFD composition,
including specific fat components. Srinivasan and Ramarao wrote
an overview of type 2 DM animal models, but this review has
limited usefulness when designing preclinical studies [11].

3. Review of the literature

The first nutritional intervention to induce obesity, a “HFD,”was
published by Masek and Fabry in 1959 [14]. Subsequent studies
revealed that HFDs promote hyperglycemia and insulin resistance,
and numerous researchers have examined the effects of these diets
Table 2
Overview of the literature of 17 type 2 diabetes mellitus animal models

Author Year Journal Strain Age Weight Diet Det

Rees, Alcolado 2005 Diabetic medicine Various x x x
Srinivasan,

Ramarao
2007 Indian J Med Res Various x x x

Srinivasan,
Ramarao

2005 Pharmacological Research SD x 160
e180 g

HFD (58
carbohy

Reed, Heaven 2000 Metabolism SD 7 w 200 g HFD (40
carbohy

Zhang, Huang 2006 Diabetes Research and Clinical
Practice

GK 4m x L-NAME

Islam, Choi 2007 Pharmacology SD 7 w 217 g HFD (20
Diz-Chaves,

Mallo
2007 J Endocrinol Invest SD 5 d x x

Ramadan,
Liberte

2006 Physiology and Behavior SD 7 w 200 g HFD (40
carbohy

Zhang, Luo 2003 Exp Anim SD 8 w 259 g HFD (30
carbohy

Weng, Zhang 2007 Exp Clin Endocrinol Diabetes SD x 150
e200 g

x

Wang, Zheng
Wide Fu

2007 Asia Pac J Clin Nutr Wi x 100 g HFD (ad
10% lard

Sartoretto,
Fortes

2007 J of Pharmacy and Pharmacology Wi 2 d x x

Sugano,
Okazaki

2006 Nutrition, Metabolism and
Cardiovascular Diseases

SD 8 w x HFD (11
13.5% pr

Sotnikova,
Monclova

2006 Gen Physiol Biophys Wi 8 w 200 g x

Kim, Park 2006 Journal of Endocrinology SD 7 w 220 g x

Buettner,
Alzheimer

2006 Journal of Molecular
Endocrinology

Wi 6 w x HFD (42
fish oil)

Danda, Pergola 2005 Kidney International SD x 175
e200 g

HFD (60
animal f
on muscle and liver physiology as well as insulin signal trans-
duction. Based on these findings HFDs are generally accepted as a
method for generating valid metabolic syndrome rodent models
with insulin resistance and compromised b-cell function [15,16]. In
addition, streptozotocin (STZ) is widely used as a diabetogenic
agent, as it damages pancreatic islet b cells by triggering an im-
mune system reaction when given in multiple low doses and al-
kylates DNA when given as a single high dose. In most studies, STZ
is combined with a HFD. Diabetogenic activity can be induced be-
tween doses of 25 and 100mg STZ/kg BW, showing some degree of
correlation with the administered dose [17]. The diabetogenic
response to the induction can be measured through serum glucose
levels, urine volume, glycosuria, ketonuria, the serum immunore-
active insulin (IRI) response, and the pancreatic IRI content [17].

Nevertheless, the choice of rodent strain, STZ dose, injection site
(i.e., intraperitoneal (i.p.) vs. Subcutaneous (s.c.) vs. Intravenous
(i.v.)), injection modus (single high dose vs. Multiple low doses),
high-fat formula composition, and laboratory values are not yet
standardized, which impairs practicability and comparability.

The following pages alphabetically list (based on the first
author) the range of animal model studies. These studies were
evaluated (when data were provided) with regards to the.

� rodent strain,
� rodent age and weight,
� diet type,
� diet duration,
� STZ use,
� observation period after STZ injection, and
� model advantages and disadvantages.

The utilized type 2 DM laboratory values are summarized in
ails Diet-
Duration

STZ mg/kg BW Time post STZ

x x x
x 35e65mg i.p. /

i.v.
x

% calories as fat, 17%
drates, 25% protein)

2 w 35mg i.p. 1 week

% calories as fat, 41%
drates, 18% protein)

2 w 50mg i.v. 3 days until onset þ3
days

þ HFD x x

% lard and 2% soybean oil) 2 w 40mg i.p. 1 week
x 90mg i.p. 9e16 days

% calories as fat, 42%
drates, 18% protein)

3 w 50mg i.p. 5 days

% calories as fat, 50%
drates, 13% protein)

2m 15mg n.a. 2 months

x 30mg i.v. 8 weeks

ding 20% sucrose (w/w) and
(w/w))

4 w 30mg n.a. 4 weeks

x 160mg i.p. 8 weeks

.3% fat, 5% carbohydrates,
otein) after STZ

37 w 40mg i.v. 9 days þ 2 weeks after
STZ treatment

x 3� 20mg i.v. 12 weeks

x 80mg vs.
5� 20mg i.p.

3 weeks

% lard, olive oil, coconut fat, 12 w x X

% calories from fat and 70%
at)

5 w 35 mg/ 55mg 14 weeks



Table 4
Analysis of parameters (mean and range)

Parameter (measurement unit) Mean (range)

Strain
SD 10
Wistar 4
GK 2
Nile 1

Age (weeks) 6.8 (0.3e16)
Weight (g) 192.8 (100e259)

Diet specifications (% of calories)
Fat 37.9 (11.3e58)
Carbohydrate 31 (5.1e50)
Protein 17.5 (13e25)

Diet duration (weeks) 8.2 (2e37)

STZ (mg/kg BW) 62.5 (15e180)

Post-STZ observation time (weeks) 5.1 (0.7e14)
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Table 3, enabling better comparison. An analysis of the mean pa-
rameters and ranges is given in Table 4.

Bitar et al. (2005) used Goto-Akaki (GK) rats (produced by the
selective inbreeding of glucose-intolerant Wistar rats, age n.a. 316-
g body weight (BW)) as a genetic animal model of non-obese type 2
DM and analyzed nitric oxide (NO) bioavailability and O2 genera-
tion in aortic tissues. Enhanced superoxide production and
decreased NO bioavailability were observed [18]. The observation
period was not reported. No further details were provide aside from
the source of the breeding stock (Karolinska Institute, Sweden).

Buettner et al. (2006) investigated 6-week-old Wistar rats and
used a HFD (42% of calories from fat) for 12 weeks. STZ or other
medication was not injected. The observation time of the animals
was not stated in the report. In contrast to other studies, the au-
thors detailed the fatty acid composition, which included lard, olive
oil, coconut fat, and fish oil. The most pronounced obesity and in-
sulin resistance resulted from diets with lard and olive oil [2].
Compared with other studies, this study provided details and used
multiple control groups.

Chaabo et al. (2010) assessed Nile rats (African grass rat) fed a
HFD (Western diet, 43% of calories from fat, 40% from carbohy-
drates, 17% from protein) in an isolated aliment-induced model
without STZ injections. A broad range of laboratory values were
evaluated and compared with the values from the low-fat diet
model. Moreover, this study focused on general colony dynamics.
The researchers concluded that these Nile rats represented a novel
model of metabolic syndrome associated with type 2 DM. While
the authors evaluated the model in great detail, experience with
the Nile rat is currently limited [19]. The novelty of this model is
likely to curtail its use in studies.

Danda et al. (2005) used 175- to 200-g Sprague-Dawley (SD)
rats and a HFD (60% of calories from fat). The diet duration was five
weeks. STZ was injected at a dose of 35 or 55mg/kg BW. The post-
STZ observation period lasted 14 weeks. The study design
comprised four different groups and both included type 1 and 2
DM. While the reported follow-up period was longer than that of
other studies, the number of included control animals was a
drawback [20].

Diz-Chaves et al. (2007) analyzed five-day-old neonatal SD rats
and induced DM with i.p. Injections of 90mg STZ/kg BW, which is
the second largest dose in all reported studies. The post-STZ
Table 3
Measured type 2 diabetes mellitus parameters in different animal models

Publication Measurements

Chaabo et al. [19] BW, BMI, blood glucose (BG), triglycerides (TG), total cholesterol (T
(HbA1c), insulin level (ELISA), insulin resistance, blood pressure, or

Srinivasan et al.
[27]

TG, cholesterol, PI, PG, intravenous insulin GTT (IVIGTT)

Reed et al. [7] Adipocyte glucose clearance, free fatty acids, oral GTT (OGTT)
Zhang H. et al. [34] Not specified within the paper
Islam et al. [22] Serum insulin, serum lipid profile, liver glycogen, fasting blood glu
Diz-Chaves et al.

[21]
GTT, polyuria, polydipsia, hyperphagia

Ramadan et al.
[25]

Plasma glucose and insulin

Zhang F. et al. [33] BG, TG, TC, insulin (radioimmunoassay), IVIGTT, FBG, fasting serum
Weng et al. [31] Weight, BG, and urinary glucose; PCR was used to assess changes i
Wang et al. [32] BW, TG, TC, LDL, and glucose; expression of energy metabolism-re
Sartoretto et al.

[26]
Microvascular reactivity, eNOS expression, NOS activity, urinary glu
IVGTT and OGTT were assessed

Sugano et al. [29] HbA1c, BG, creatinine, urea nitrogen, TC, HDL, TG, plasma insulin le
Sotnikova et al.

[28]
BG, TC, TG, bilirubin; functional vessel and electron microscopy stu

Kim et al. [24] BG, IGF-I, insulin, growth hormone (GH)
Buettner et al. [2] Multiple controls, very detailed
Danda et al. [20] BG, BP, urinary protein excretion, serum insulin, HbA1c, cholestero
observation period ranged from 9 to 16 days. Routine laboratory
values are lacking in this study [21].

Islam et al. (2007) examined seven-week-old SD rats with a
reported mean weight of 217 g. The rats were fed a HFD with 20%
lard and 2% soybean oil, but further information on the carbohy-
drate and protein composition was not provided. After an i.p. In-
jection of 40mg STZ/kg BW, the diet lasted two weeks. The post-
STZ observation time was two weeks [22].

Karabatas et al. (2005) analyzed the early manifestation of type
1 DM inmale C57BL/6 J inbred mice, inwhich diabetes was induced
with multiple low-dose STZ injections. After the initial dose, STZ
injections at days 4, 6, 9, 12, and 16 caused functional immune
aggression against b-cells at a very early disease stage, before the
donor mice had developed impaired insulin secretion or hyper-
glycemia [23].

Kim et al. (2006) evaluated seven-week-old SD rats with a
mean weight of 220 g. The applied diet was specified, but data on
the diet duration was not provided. The authors used STZ with an
initial high dose of 80mg/kg BW and 5 low doses of 20mg/kg BW
through i.p. Injections. The observation time was three weeks. This
protocol resulted in b-cell necrosis at 4 h after the STZ injection, and
C), liver lipids, intraperitoneal glucose tolerance test (ipGTT), hemoglobin A1c
gan weight

cose (FBG)/ non-FBG (NFBG) (blood and liver samples)

insulin; pancreatic paraffin sections were examined
n heart mitochondrial genes
lated genes (PCR)
cose; using 24-h metabolic cages after ten weeks of STZ treatment, glycosuria,

vel, mcrea, mprotein, malbumin
dies

l, TG, glomerular sclerosis, creatinine clearance, kidney weight
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blood glucose levels peaked two to three days after the STZ injec-
tion. When compared with human pathophysiology, the early
measured peaks suggest that this disorder presents with a non-
physiological pattern of progression [24].

Ramadan et al. (2006) supplied SD rats with a HFD (40% of
calories from fat, 42% from carbohydrates, 18% from protein). At
seven weeks of age, these rats reached a meanweight of 200 g. The
diet durationwas threeweeks. The authors injected STZwith a dose
of 50mg/kg BW i.p. And had a post-STZ injection observation
period of five days, which is the second shortest time. The model
design was based on the published data of Reed et al. [7], with a
reduced number of diabetes-related laboratory values [25].

Reed et al. (2000) used male seven-week-old SD rats, which
were fed a normal (12% of calories from fat) or HFD (40% of calories
from fat) for two weeks and then injected with STZ (50mg/kg i.v.).
This study demonstrated that STZ injections increase glucose, in-
sulin, free fatty acid (FFA), and triglyceride (TG) concentrations in
fat-fed rats (fat-fed/STZ rats) compared with STZ-injected rats fed a
normal diet (normal diet/STZ rats). Compared with normal diet
rats, fat-fed/STZ rats were not insulin deficient but had hypergly-
cemia and a somewhat higher insulin response to oral glucose
challenges. In addition, insulin-stimulated adipocyte glucose
clearance was reduced in fat-fed/STZ rats compared with normal
diet and normal diet/STZ rats. Finally, fat-fed/STZ rats were sensi-
tive to the glucose-lowering effects of metformin and pioglitazone
[7]. The similar glucose levels but higher insulin concentrations
suggested that compared with normal diet control rats, fat-fed rats
are insulin-resistant. To simulate the evolution of ‘‘relative’’
hyperinsulinemia from a state of insulin resistance and absolute
hyperinsulinemia, insulin-resistant, fat-fed rats were injected with
the amount of STZ that lowered the serum insulin concentration to
the level observed in the rats fed a normal diet. The glucose con-
centration in the fat-fed/STZ model is relatively stable overtime.
Fat-fed SD rats injected with a moderate amount of STZ provide a
relatively inexpensive and easily accessible rodent model that is not
extremely obese and simulates the natural history and metabolic
characteristics of patients with type 2 DM; however, these findings
do not imply that this model is superior to other rat models of type
2 DM [7,12,13].

Sartoretto et al. (2007) used neonatalWistar rats (two days old)
as a model but did not use a specific diet protocol or diet duration.
The highest published STZ dose with 160mg/kg BW, and a post-STZ
observation time of eight weeks was utilized. In addition to com-
mon laboratory parameters, the authors analyzed nitric oxide
levels and mechanisms of endothelial dysfunction [26].

In their original publication, Srinivasan et al. (2005/2007)
established an animal model using 160- to 180-g SD rats and a HFD
(58% of calories from fat, 17% from carbohydrates, 25% from pro-
tein). The diet began two weeks prior to the 35mg STZ/kg BW i.v.
Injection. The post-STZ observation time was one week. The in-
fluence of STZ after the HFD was analyzed by comparing the lab-
oratory reports before the STZ injection to those at the end of the
observation period [27]. Moreover, the authors provided an over-
view of the varying parameters, including the induction of DM via
i.p./i.v. Injections of 35e65mg STZ/kg BW, but did not include
therapeutic details for the study design [11].

Sotnikova et al. (2006) induced DM in eight-week-old, 200-g
Wistar rats using isolated STZ injections without a specific di-
etary plan. Three 20mg STZ/kg BW i.v. Doses were provided. The
post-STZ injection observation period was twelve weeks. In addi-
tion to regular laboratory values, the authors performed functional
vessel studies and electron microscopy [28].

Sugano et al. (2006) created an animal model using either-
week-old SD rats. The authors implemented a HFD (11.3% of calo-
ries from fat, 5.1% from carbohydrates, 13.5% from protein) two
weeks after a 40mg/kg BW STZ i.v. Injection, and the diet lasted 37
weeks. A wide range of laboratory values was provided. In addition
to the reverse STZ/HFD order, the percentage of fat calories in the
HFD seems relatively small [29].

Takada et al. (2007) developed a neonatal DMmodel via i.p. STZ
injections in which male Wistar rats developed insulin resistance
because of reduced adipose mass. Insulin-stimulated 2-deoxy-D-
[3H]-glucose uptake; the incorporation and conversion of D-
[Ue14C]-glucose into lipids and 14CO2, respectively; and insulin
binding were analyzed. The rate of weight gain in the STZ-treated
group was significantly reduced by the eighth week. These rats
developed polyphagia, polydipsia, polyuria, glycosuria, and
impaired glucose tolerance. Biological tests in isolated adipocytes
revealed a reduced number of insulin receptors. This experimental
DM model was determined to remarkably resemble a sustained
image of insulin resistance in adulthood and was closely related to
reduced adipose mass [30].

Weng et al. (2007) established an animal model using SD rats
with a weight range of 150e200 g. A specific diet formula was not
applied. After an i.v. Injection of 30mg STZ/kg BW, an observation
period of eight weeks followed. The number of type 2 DM labora-
tory parameters (urine glucose levels, etc.) was sufficient [31].

Wang et al. (2007) used 100-g Wistar rats for their model, with
HFD (with 20% sucrose and 10% lard) feeding for four weeks. This
diet regimenwas followed by an injection of 30mg STZ/kg BW and
a further observation time of four weeks. In addition to the stan-
dard type 2 DM parametermeasurements, microvascular reactivity,
eNOS expression and NOS activity were analyzed [32].

Zhang F. et al. (2003) developed a type 2 DM rat model with
male SD rats (four months old) via low-dose STZ (15mg/kg BW)
injections after a two-month HFD (30% of calories from fat) feeding,
as detailed by the authors [33]. Functional and histochemical
changes were found in the pancreatic islets, insulin-glucose toler-
ance tests, and islet immunohistochemistry. These results were
compared with those of a type 1 DM animal model (50mg/kg BW
STZ) and a HFD obesity model [33]. This approach first stimulated
insulin resistance, which was followed by a slight impairment in
pancreatic islet cell insulin secretion.

Zhang H. et al. (2006/2007) analyzed 16-week-old GK rats fed a
HFD (no further specifications). The diet duration was not
mentioned. An STZ injection was not performed; moreover, the
recorded type 2 DM laboratory values were not specified [34,35].

4. Discussion

Several research teams have focused on finding the “ideal” an-
imal model that reflects the pathophysiological changes and closely
simulates the metabolic characteristics of patients with type 2 DM
[11, 36]. However, the large number of studies has variation that
makes comparison difficult, as the measured parameters vary
significantly. Additionally, selecting a suitable animal model for a
new study has become more difficult due to the increasing number
of background variables.

Most of the published studies (n¼ 10) used SD rats, followed by
Wistar rats (n¼ 4), with a mean age of 6.8 weeks (ranging from 0.3
to 16 weeks) and a mean weight of 192.8 g (ranging from 100 to
259 g). Nile rats were recently evaluated by Chaabo et al. with a
basic broad approach and a wide range of laboratory tests. How-
ever, due to the limited number of publications, this model cannot
yet be recommended [19]. The GK rat has been confirmed as a valid
model, but evidence for this strain is also limited [18, 34, 35].

Due to the variety of strains, the most evidence has been
collected for SD rats, which provide a valid model that is highly
recommended.

The HFDwas the predominant diet used, with a mean fat calorie
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percentage of 37.9% (ranging from 11.3 to 58%). Notably, ten studies
did not specify the applied diet. Prior to the STZ injection, the mean
diet duration was 8.2 weeks (ranging from 2 to 37 weeks).
Furthermore, six studies did not state the diet duration period. STZ
was used with a HFD in 15 of the 17 animal models. One group
varied the order between the injection and diet, starting the diet
after the STZ injection [29]. Further evaluation in more studies is
required to analyze whether this sequence sufficiently reflects
human pathophysiology.

These studies reflect large variations and inconsistencies in the
design of alimentary protocols. While some investigators primarily
focused on the animal weight, others defined fixed weights or even
a weight range. STZ was used in 14 of the 17 animal models, in 6 of
the 14 studies without a specified diet, and in 8 of the 14 animal
models that used a combination that included a HFD. The mean
dose was 62.5mg STZ/kg BW (ranging from 15 to 180mg/kg BW).
The post-STZ observation time varied greatly with a mean period of
5.1 weeks (ranging from 0.7 to 14 weeks). The distribution of i.v.
And i.p. Injections was balanced.

Generally, saturated fatty acid-based diets are believed to
induce the typical HFD-phenotype, whereas diets containing
polyunsaturated omega-3 fatty acids exert beneficial effects on
body composition and insulin action [2, 37, 38].

A satisfactory type 2 DM animal model needs to have a defined
diet type, fatty acid composition, and diet duration. This quality was
achieved in only 10 of the 17 animal models.

A few reviews have been published, but most papers give only
an overview of diabetic animal models, lacking detailed data [11,
39]. Buettner et al. reviewed metabolic and molecular effects in
different HFD rodent models with varying fatty acid compositions.
The group analyzed weight, food intake, whole-body insulin
tolerance and plasma parameters of glucose and lipid metabolism
during a twelve-week diet. Liver histology and hepatic gene
expression profiles were evaluated. HF-lard (HF-L)- and HF-olive oil
(HFeO)-fed rats presented with the most pronounced obesity and
insulin resistance; insulin sensitivity was nearly normal in HF-
coconut fat (HFeC)- and HF-fish oil (HFeF)-fed rats. Liver histol-
ogy revealed the presence of hepatic steatosis in the HF-L, HFeO
and HFeC rats, without signs of major inflammation. Hepatic
SREBP1c-dependent gene levels were upregulated in rats fed these
diets, whereas PPARa-dependent genes were predominantly
upregulated in HFeF-fed rats. The detected classical HFD effects
occurred in only the rats fed HF-L and HFeO (mainly long-chain,
saturated (LC-SFAs) and monounsaturated fatty acids (MUFAs))
diets. Diets rich in polyunsaturated fatty acids (PUFAs) or medium
chain (MC)eSFAs did not induce insulin resistance. Diets based on
LC-SFAs and MUFAs induced hepatic steatosis with SREBP1c acti-
vation [2]. Reed and colleagues used fat-fed SD rats with moderate
STZ injections, creating a relatively inexpensive and easily acces-
sible rodent model that does not feature extreme obesity and
simulates the natural history and metabolic characteristics of pa-
tients with type 2 DM; nevertheless, these findings are not superior
to other rat models of type 2 DM [7].

It must be noted that these reviewed studies do not provide the
cost of the animal models, which is currently a major factor in the
practical design of a study.

5. Study design guidance and conclusions

Considering the extensive list of type 2 DM animal models and
based on our experience (to be published), we recommend a non-
genetic, specific HFD-induced animal rodent model with a mini-
mum diet duration of eight weeks (to allow insulin resistance
development) prior to STZ injection, followed by an additional 4
weeks (to allow the further development of typical type 2 DM
characteristics). Based on the literature review, the use of SD rats is
preferable.

The varying designs and measurements in the reviewed studies
indicate that the ideal animal model has not yet been identified. In
particular, a realistic reproduction of human disease has not been
sufficiently achieved; thus, long-term human changes, such as
retinal alterations and glomerulopathies, have not been investi-
gated. This deficiency should be examined in future studies. Rather
than creating “new” models, the next logical steps are to stan-
dardize and optimize these existing animal models.
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