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recognised for decades.4 Overweight or obesity causes some 

degree of insulin resistance, so most but not all patients with 

T2DM are overweight or obese.3 Increasing age, obesity, and 

lack of physical activity increase the risk of developing 

T2DM.5 In this modern society, the increasing prevalence of 

obesity and changing of lifestyle causes many children, 

adolescents, and younger adults to suffer T2DM.6 In T2DM, 

there is either insulin resistance, diminished response to 

insulin, or the beta cell is unable to sufficiently compensate. 

At the earlier stage, the glucose levels are in the normal range 

due to a compensatory increase in insulin secretion. However, 

the beta cells change as the disease progresses, and the 

secretion of insulin is unable to maintain glucose homeostasis 

and subsequently causes hyperglycaemia.   

 

Various animal models have been developed recently for a 

better understanding of the pathogenesis of diabetes mellitus. 

These animal models can be categorised into spontaneous or 

genetically derived diabetic animals, chemically induced 

diabetic, surgical diabetic animals, and diet-induced diabetic.7 
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ABSTRACT   

 

INTRODUCTION: The prevalence of diabetes mellitus is increasing globally, despite the 

best current therapies available. A large diversity of animal models has been developed 

for a better understanding of the pathogenesis of diabetes mellitus. This study aimed to 

develop a rat model that mimics the metabolic characteristics of human type 2 diabetes 

mellitus. MATERIALS AND METHODS: : Twenty-four male Sprague–Dawley rats (200-

250 g) were divided into two groups and fed either a commercially available standard 

pellet diet (n=8) or a self-prepared high-fat diet (HFD) (n=16) for 6 weeks. HFD-fed rats 

were significantly obese compared to standard-fed rats. Eight of the obese rats were 

injected a single low dose of streptozotocin (STZ) at 35 mg/kg intraperitoneally to 

induce type 2 diabetic rat (T2DR) and were monitored for 6 weeks. RESULTS: The 

weekly fasting blood glucose levels (FBG) in T2DR remained consistently high 

throughout the 6 weeks. The T2DR group exhibits decreased bodyweight, increased 

water intake, increased 24-hour urine volume with microalbuminuria, hyperlipidaemia, 

altered liver and kidney functions, and structural changes of the islet of Langerhans. 

CONCLUSIONS: This model simulates the natural disease progression and metabolic 

characteristics of type 2 diabetic patients. This model mimics the human syndrome that 

can be maintained at a reasonable cost and is easy to develop. 
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INTRODUCTION 

 

Diabetes mellitus, a heterogeneous metabolic disorder due to 

impaired insulin secretion, defective insulin action, or both 

that leads to hyperglycaemia.1 The prevalence of this disease 

has increased worldwide and the disease is present in every 

population in all regions that have become one of the medical 

challenges. International Diabetes Federation (IDF) reported 

that about 415 million adults had DM with the age range is 

between 20 and 79 years in 2015 and is expected to increase 

to another 200 million by 2040.2 DM is classified into four 

types; type 1 diabetes (T1DM), Type 2 diabetes (T2DM), 

gestational diabetes mellitus (GDM), and specific types such 

as pancreatitis and drug-induced diabetes.3 In chronic 

conditions, DM causes damage to various organ systems that 

may develop life-threatening health complications or 

mortality risk especially when it involves microvascular 

systems, including retinopathy, nephropathy, and neuropathy.  

 

Among the cases, T2DM accounts for around 90% of 

diabetes, especially those older than 45 years or middle-aged 

adults. The association of obesity with T2DM has been 
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Animal models are often preferable to experimental disease 

research due to ease of manipulation and supply. Besides, the 

conditions associated with the experiment must be closely 

controlled to obtain scientifically valid research.8 Although 

certain genetic models such as Zucker diabetic fatty (ZDF) 

rat and db/db mouse are resembling human T2DM, these 

animals are expensive, difficult to maintain, and are not easily 

available.5 Obesity is closely linked to the development of 

T2DM in humans. Therefore, the majority of animal models 

of T2DM are obese with insulin resistance and/or beta-cell 

failure.9 Obesity can be induced by naturally occurring 

mutations, genetic manipulation, or high-fat feeding. Among 

pre-clinical animal models, rodents are the most widely used 

by many researchers to study metabolic disorders as they 

closely resemble human physiology, despite the pancreatic 

islet architecture differs from that of humans.10 A high-fat 

diet may cause insufficient compensation by the islets, which 

may lead to obesity, hyperinsulinaemia, and altered glucose 

homeostasis.11  

 

Published evidence has shown that animal models play an 

important role in understanding the pathogenesis of diabetes 

and its complications.12,13 Besides, these models are 

important for the investigation and development of novel 

drugs in diabetes treatment.14 Numerous T2DM animal 

models have been used previously,15-18 which include insulin 

resistance models and/or beta-cell failure models. The ideal 

animal model of diabetes resembles the anatomy and 

pathophysiology of humans and has the potential to be 

utilised in clinical and pharmaceutical research that can be 

extrapolated to humans. Furthermore, a good model should 

be easy to develop and handle at a reasonable cost.  

 

Alloxan (ALX) and streptozotocin (STZ) are the most potent 

diabetogenic chemicals that used in the research of diabetes. 

STZ is preferable to induce T1DM and T2DM diabetes 

because ALX is known to cause toxicity to the kidney as it 

has a narrow range of effective doses.19 The current study 

was initiated to develop an appropriate animal model which 

is analogous to human T2DM through a combination of a 

self-made high-fat diet and a low-dose STZ injection. This 

model closely mimics the natural history of the progress of 

diabetes from insulin resistance to beta-cell dysfunction. 

 

MATERIAL AND METHODS 

 

Materials and reagents 

 

STZ was purchased from Sigma Aldrich, Germany. Ghee oil 

was purchased from Crispo, Crispo-Tato (M) Sdn Bhd, 

Kuala Lumpur, Malaysia. Calcium and vitamin D were 

purchased from Eurobio Sdn. Bhd. (Victoria, Australia). 

Sodium pentobarbitone was purchased from Alfasan 

Woerden. Other chemicals were of the highest analytical 

grade available from local suppliers.  

 

Proximate analysis of standard pellet and high-fat diet 

 

The standard rat pellet, Altromin pellet was imported from 

Germany by Sterling Ascent, Malaysia. The high-fat diet 

(HFD) preparation was modified from the previous study, 

which included a combination of 68 g of standard rat pellet, 

32 g of ghee oil, 300 mg of calcium, and 100 IU of vitamin 

D3 per 100 g of standard rat pellet.20 All the ingredients were 

thoroughly mixed and kept in the refrigerator at 4°C to make 

the mixture firm before giving it to the respective group. 

Nutrition compositions are shown in Table 1. 

Experimental design 

 

Twenty-four male Sprague–Dawley rats aged 8–10 weeks 

weighing 200–250 g were included in this study. Rats were 

procured from the Animal Research and Service Centre 

(ARASC), Universiti Sains Malaysia (USM), Malaysia. All 

procedures involving animal work have been carried out 

under the approval of the Institutional Animal Care and Use 

Committee (IACUC), USM (Ref: USM/ISCUC/2017/9110

(886)). The animals were individually acclimatised upon 

arrival for a week in a standard polypropylene cage, provided 

with a standard rat pellet and drinking water ad libitum. The 

animal room was set at a controlled temperature of 23 ± 1 °C 

with a 12-hour light-dark cycle. 

 

Induction of Obesity 

 

Rats were divided into two groups and fed fo r  6  wee ks  

either with standard rat pellet (Normal rat, n = 8) or high-

fat diet (HFD, n = 16) to induce obesity. The body weight 

of each rat was weighed weekly using a digital balance scale 

(A&D HV-60KGL, Columbia). The difference in weight was 

calculated according to the difference between the initial and 

final body weight. Obesity was considered when the body 

mass index (BMI) was greater than 0.68 g/cm2.21 The BMI 

was calculated using the following formula: body weight (g) / 

length2 (cm2).  

Compositions (%) 

  

Standard Diet 

(g/100 g) 

High-fat Diet (HFD) 

(g/100 g) 

Protein 19.2 15.1 

Fibre 6.1 18.7 

Fat 4.1 31.1 

Moisture 11.3 7.0 

Ash 6.9 5.2 

Carbohydrate 40.8 41.6 

Energy (kcal/100g) 319.8 507.0 

Table 1. Standard and high-fat diet nutritional compositions.  
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Induction of type 2 diabetes mellitus 

 

Eight of the obese rats (n=8) were then subjected to 

Type 2 diabetes mellitus (T2DM) induction, assigned 

as Type 2 Diabetic Rat (T2DR). Rats were injected a 

single low dose of streptozotocin (STZ) at 35 mg/kg 

intraperitoneally.22 One week post-STZ induction, FBG was 

measured, and rats with FBG levels greater than 11.1 mmol/L 

(200 mg/dL) were considered diabetic.23 The experimental 

timeline for induction of diabetes mellitus is shown in Figure 

1. 

 

Measurement of Physical Parameters, 24-hour Urine 

Volume, and Microalbuminuria 

 

Rats were observed for another 6 weeks in each group. 

Physical parameters, including daily intake of food, daily 

intake of water, and body weight gain, have been measured. 

Rats were placed individually in a metabolic cage for the 

collection of urine for 24 hours (24-hour urine volume). 

Samples were sent to B.P. Clinical Lab Sdn. Bhd., Kota Bharu, 

Kelantan, Malaysia to measure the level of microalbuminuria 

using the immunoturbidimetric method (Architect, Abbott-

Ci8200). 

 

Measurement of Fasting Blood Glucose and Insulin Levels   

 

The FBG was measured biweekly using the tail-pricks method 

in the dorsal vein using the portable Accu-Check Advantage 

glucometer (One Touch Ultra). Insulin levels in the plasma 

were determined by an Enzyme-Linked Immunosorbent 

Assay (ELISA) kit specific to rat insulin (Elabscience).  The 

procedures were followed the manufacturer’s protocols.  

 

Measurement of biochemical parameters 

 

Blood samples for the measurement of renal parameters, liver 

function tests, and lipid profiles were sent to B.P. Clinical Lab 

Sdn. Bhd., Kota Bharu, Kelantan, Malaysia. The atherogenic 

index of plasma (AIP) was calculated as a logarithmic 

transformation of the ratio of TG to HDL-C.24  

Blood Sampling and Pancreatic Tissue Isolation 

 

Rats of each group were sacrificed with sodium 

pentobarbitone (100 mg/kg) via intraperitoneal injection at 

the end of the experiment. Blood samples, about 5-10 ml 

were collected via cardiac puncture into an EDTA-containing 

tube. Meanwhile, the pancreas was carefully isolated, excised, 

rinsed in ice-cold saline, and stored in 10% neutral buffered 

formalin for 72 hours at room temperature for histological 

study. 

 

Histological Study of Pancreas 

 

The paraffin-embedded pancreas was sectioned at 3 μm using 

a rotary microtome (Leica Biosystems). The tissue sections 

were then prepared on the glass slides and placed on a hot 

plate (HI1220; Leica Microsystems). The tissue sections were 

then deparaffinized using xylene and rehydrated by 

immersing in a series of decreasing concentrations of ethanol 

(100%, 90%, and 70%). The sections later were stained with 

hematoxylin and eosin (H&E), dehydrated by immersing in a 

series of increasing concentrations of ethanol followed by 

xylene. Following that, the slides were mounted and 

coverslipped.  Slides were examined under a light microscope 

and the images were captured.  

 

Statistical Analysis 

 

Data were analyzed using Graph Pad Prism software version 

9 for Windows (GraphPad, San Diego, CA). The results were 

expressed in mean (Standard Deviation; SD). The statistical 

differences between the means were determined using one-

way analysis of variance (ANOVA) followed by the Tukey 

method for post-hoc analysis. All tests were two-tailed and a 

p-value of less than 0.05 was considered statistically 

significant. 

 

RESULTS 

 

Physical parameters and fasting blood glucose between 

the standard diet and high-fat diet 

 

Physical parameters, including food intake, body weight, and 

body mass index (BMI) have been measured, as shown in 

Table 2. There was no significant difference in the food 

intake between the groups. The final body weight and BMI 

increased significantly in HFD compared to the standard diet. 

After six weeks of HFD, it was noticeable that rats had 

successfully achieved obesity levels, with BMI was greater 

than 0.68 g/cm2. Besides, fasting blood glucose (FBG) also 

increased significantly in HFD compared to the standard diet 

but was within the normal range (<11.1mmol/L). 

Figure 1. Experimental timeline for the induction of diabetes 
mellitus in rats. HFD: High-fat diet, T2DR: Type 2 diabetic rat, 
STZ: Streptozotocin.  
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  Standard Diet High-fat Diet 

(HFD)  

Food intake (g/day) 16.49 (1.62) 17.40 (2.15) 

Initial body weight (g) 211.90 (11.55) 218.70 (11.86) 

Final body weight (g) 282.40 (15.73) 451.00 (30.58)a 

Weight difference (g) 70.57 (24.81) 232.30 (38.11)a 

BMI g/cm2 0.55 (0.02) 0.71 (0.03)a 

FBG (mmol/L) 4.88 (0.43) 5.57 (0.30)a 

Table 2. Physical parameters and fasting blood glucose at 6 weeks 

Data represent the mean (standard deviation), n=8 (standard diet), n=16 
(high fat diet). ap<0.0001 compared to the standard diet. BMI: body mass 
index, FBG: Fasting blood glucose. 

Type 2 diabetes induction 

 

Eight obese rats (n=8) were induced with a low dose of 35 

mg/kg streptozotocin (STZ) to become diabetic (Type 2 

diabetic rat or T2DR). One week post-STZ induction, FBG, 

and insulin levels have been measured as shown in Figure 2. 

FBG was significantly higher in the T2DR group compared 

to Normal and Non-diabetic Obese rats (OB). There were, 

however, no significant differences in insulin levels between 

the groups. Besides, FBG in the T2DR group remains signif-

icantly higher throughout 6 weeks period of the study as 

shown in Figure 3. 

Figure 2. Levels of fasting blood glucose and insulin one week post-
Streptozotocin induction in Normal, Obese and Type 2 diabetic rats. 
ap<0.001 compared to Normal and Obese rats, (n=8). OB: Obese rat, 
T2DR: Type 2 Diabetic rat.    
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Figure 3. Levels of fasting blood glucose in Normal, Obese, and Type 2 
diabetic rats. (ap<0.001; main effects) (n=8). OB: Obese rat, T2DR: Type 2 
Diabetic rat.    

Effects of diabetes mellitus on physical parameters, 

fasting blood glucose, 24-hour urine volume, and 

microalbuminuria   

 

At the end of the study, in the OB group, there was a 

significant increase in food intake compared to the Normal 

group. The body weight gain was significantly decreased in 

the T2DR group compared to other groups. Meanwhile, 

water intake, 24-hour urine volume, and microalbuminuria 

increased significantly in the T2DR group compared to other 

groups as shown in Table 3. 

  Normal 

 

OB 

  

T2DR 

Food intake      

(g/day) 
14.96 (1.24) 18.02 (1.81)b 17.14 (1.17) 

Water intake (ml) 35.00 (4.00) 33.81 (4.94) 79.37 (3.60)a 

Body weight gain 

(g) 
61.60 (5.98) 119.1 (36.52) -61.14 (17.19)a 

FBG (mmol/L) 

24-h Urine      

volume (ml) 

4.55 (0.31) 

4.40 (0.89) 

5.42 (0.28) 

4.50 (1.00) 

21.29 (1.97)a 

44.17 (11.33)a 

Urine microalbu-

minuria (mg/L) 
19.75 (12.84) 25.00 (7.45) 46.20 (14.87)a 

Table 3 Physical parameters, fasting blood glucose, 24-hour urine volume, and 
microalbuminuria.   

Data represent the mean (standard deviation), n=8 per group. ap<0.05  
compared to Normal and Obese rats, bp<0.05 compared to Normal rats. 
OB: Obese rat, T2DR: Type 2 Diabetic rat. 

Effects of diabetes mellitus on renal and liver parameters 

 

The levels of renal and liver parameters are shown in Table 4. 

In renal parameters, blood urea nitrogen (BUN) and 

creatinine were significantly increased in the T2DR group 

compared to Normal and OB groups. All the liver enzymes; 

aspartate transaminase (AST), alanine aminotransferase 

(ALT), and alkaline phosphatase (ALP) were significantly 

increased in the T2DR group compared to the Normal and 

OB groups. Also, total cholesterol, triglyceride, HDL-C, and 

atherogenic index (AI) were significantly increased in the 

T2DR group compared to Normal and OB groups. 

 

Effects of diabetes mellitus on histological changes of 

pancreas 

 

The histology of the pancreas was evaluated by hematoxylin 

and eosin (H&E) staining as shown in Figure 4. The islet of 

Langerhans of the pancreatic tissues from the Normal group 

appeared as a cluster of pale staining cells, surrounded by 

more intensely staining pancreatic acini cells (Figure 4a). The 

round or elongated appearance of the islet of Langerhans is 

evenly scattered throughout the acini, and the homogenous 
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  Normal OB T2DR 

Renal parameters 

BUN (mmol/L) 

Creatinine (µmol/L) 

Uric acid (µmol/L) 

Sodium (mmol/L) 

Potassium (mmol/L) 

  

Liver parameters 

Total protein (g/L) 

Albumin (g/L) 

Globulin (g/L) 

A/G ratio (g/L) 

Total bilirubin (µmol/L) 

AST (U/L) 

ALT (U/L) 

ALP (U/L)  

  

7.11 (0.65) 

47.03 (4.03) 

133.80 (10.22) 

142.30 (0.50) 

6.830 (0.27) 

  

  

66.89 (3.40) 

27.44 (1.67) 

39.44 (5.03) 

0.70 (0.09) 

1.70 (0.01) 

107.50 (9.07) 

68.56 (9.06) 

269.00 (44.86) 

  

6.46 (0.70) 

52.25 (5.29) 

140.86 (7.54) 

140.50 (0.98) 

7.78 (0.26) 

  

  

73.00 (8.02) 

29.75 (1.99) 

43.25 (6.50) 

0.70 (0.08) 

1.71 (0.01) 

140.00 (23.07) 

70.63 (20.20) 

454.50 (96.78) 

  

9.61 (1.11)a 

69.07 (3.81)a 

158.40 (6.12) 

136.40 (0.50) 

7.50 (0.25) 

  

  

67.75 (2.56) 

27.13 (0.90) 

40.63 (8.86) 

0.69 (0.12) 

1.70 (0.01) 

162.60 (57.14)a 

108.60 (35.79)a 

1459.00 (178.3)a 

  

Lipid profiles 

Total cholesterol (mmol/L) 

Triglycerides (mmol/L) 

LDL (mmol/L) 

HDL (mmol/L) 

AIP 

  

1.60 (0.12) 

1.17 (0.45) 

0.58 (0.25) 

0.44 (0.05) 

0.43 (0.16) 

  

2.10 (0.24) 

2.32 (0.81) 

1.60 (1.28) 

0.60 (0.22) 

0.62 (0.30) 

  

2.88 (0.40)a 

4.90 (1.78)a 

3.68 (1.64 a 

0.60 (0.07) 

0.90 (0.20)b 

Table 4 Effects of diabetes mellitus on biochemical parameters 

Data are presented as means (standard deviation), n=8 per group. ap<0.05, bp<0.01 compared to Normal and Obese rats. OB: Obese 
rat, T2DR: Type 2 Diabetic rat, AIP: Atherogenic Index of Plasma 

size of islet cells has been identified. Furthermore, the acinar 

cells were pyramidal-shaped with basal nuclei and apical 

acidophilic cytoplasm. In the OB group, the pancreatic islets 

were small in size with the presence of scattered fat deposits 

throughout the pancreatic acini (Figure 4b). However, the 

T2DR group demonstrated pathological changes of both 

(b) 

exocrine and endocrine components as shown in Figure 4c. 

The islet of Langerhans appeared small in size, irregular in 

shape with the presence of scattered vacuolated cells inside. 

The acinar cells appeared swollen with the presence of fat 

infiltrations that are scattered within the lobules.  

Figure 4. Light photomicrographs of the pancreatic sections from (a) Normal group showing a normal architecture of the pancreas (b) Obese rat group 
showing the pancreatic islet small in size with scattered fat depositions, and (c) Type 2 diabetic rat (T2DR) showing the pancreatic islet small in size, 
irregular in shape with the presence of scattered vacuolated cells inside. The acinar cells in the T2DR group appear to be swollen. H&E staining 
(magnification = X400). IL: Islet of Langerhans, AC: acini cells, V: vacuoles. 

(a) 

(c) 
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With regards to the physical changes, the T2DR 

demonstrated a significant weight loss compared to other 

groups. The reduction of body weight has been attributed to 

increased glycogenolysis, lipolysis, and gluconeogenesis. As 

diabetes progresses, the process of gluconeogenesis is 

required to provide glucose, which is mostly derived from fat 

and protein, and subsequently reducing these body stores and 

causing weight loss.29 Furthermore, prolonged T2DR 

represents a variant of features including renal changes 

(increased levels of blood urea nitrogen (BUN), creatinine 

and microalbuminuria), and liver changes (increase in liver 

enzymes). Exogenous compounds are metabolised and 

removed from the body by the kidneys and liver, so the 

results reflect an altered function of these organs in T2DR.30 

T2DR had significantly higher total cholesterol, triglyceride, 

and LDL-C levels than other groups, which is consistent with 

previous research.31 The hypertriglyceridaemia in T2DR may 

be caused by increased triglycerides absorption and formation 

in the form of chylomicrons following exogenous 

consumption of a HFD or decreased triglyceride uptake in 

peripheral tissues.32 In diabetics, increased dietary cholesterol 

absorption from the small intestine following HFD feeding 

may result in hypercholesterolaemia.33 A significant increase 

in the atherogenic index (AI) in T2DR suggested that this 

model could be useful for studying cardiovascular disease, 

which is one of the diabetic complications. 

 

In histomorphology, the pancreas from the T2DR 

demonstrated pathological changes in both exocrine and 

endocrine components. The islet of Langerhans appeared 

smaller and irregular, with scattered vacuolated cells inside.  

The morphological and functional changes are the results of a 

compensatory mechanism by the beta cells in response to 

increased insulin demand during insulin resistance. When 

beta-cell integrity is diminished and needs to be restored, 

compensation occurs. Beta-cell dysfunction is a known 

critical determinant for type 2 diabetes.34 A previous study 

that demonstrated beta-cell atrophy in hyperglycaemic 

weanling rats exposed to a high-fat diet during gestation 

supported the atrophy of the islets in this study.35 However, 

most previous studies demonstrated mildly enlarged beta cells 

as a result of hypertrophy and hyperplasia that occur during 

the compensatory process to increase beta-cell mass in 

response to hyperglycaemia. 36, 26 The beta cells secrete large 

amounts of insulin during the compensatory mechanism; 

however, as the disease progresses, this beta-cell function 

deteriorates, leading to a deterioration in glucose homeostasis 

and the subsequent development of impaired glucose 

tolerance and frank diabetes.37 Moreover, the absolute 

number of beta cells in the pancreatic islets of Langerhans 

determines the total amount of insulin released.38 Although 

DISCUSSION 

 

We have successfully developed an ideal model of type 2 

diabetes mellitus (T2DM) that closely resembles the 

metabolic characteristics and natural history of human 

T2DM. This study demonstrates the clinical features of 

T2DM, such as hyperglycaemia, decreased bodyweight, 

increased water intake or polydipsia, increased 24-hour urine 

volume, or polyuria with urine microalbuminuria and 

hyperlipidaemia. Therefore, a low dose of streptozotocin 

(STZ) at 35 mg/kg given to the obese rats following the high-

fat diet (HFD) feeding is capable of developing type 2 

diabetic rat (T2DR).  Our HFD was formulated as 31.1% of 

fat to produce insulin resistance after 6 weeks of feeding. 

Obesity is caused by environmental manipulation rather than 

genes,9 thus our animal model is good to model the human 

condition more accurately than genetic models of obesity-

induced diabetes. Although fasting blood glucose levels 

increased significantly one week after post-induction of STZ 

compared to the control group, there were no significant 

differences in insulin levels between the groups. Because 

insulin is produced by beta cells in the pancreatic islets of 

Langerhans, this indicates that there were no significant 

changes in insulin production during the early stage of T2DR. 

 

The animal model in this study was achieved by combining 

HFD feeding, which caused insulin resistance, and a low dose 

of STZ treatment, which caused the initial beta-cell 

dysfunction.5,25 STZ treatment following a HFD, would 

reduce slightly the functional capacity of the pancreatic β-

cells without compromise the insulin secretion completely. It 

is worth noting that STZ at a low dose may only cause mild 

dysfunction or destruction to pancreatic cells.5 Meanwhile, at 

high doses, STZ has been linked to pancreatic cell 

destructions that can lead to necrosis.7 STZ enters the 

pancreatic β-cell via a glucose transporter-GLUT2 and causes 

alkylation of DNA. The function of the beta cells is to secrete 

insulin to facilitate glucose uptake into glucose recipient 

organs. Saturated fats, which are primarily derived from the 

diet are strongly associated with insulin resistance, which 

competes with glucose for uptake and metabolism in 

tissues.26   

 

In obese rats, induction of low-dose STZ gradually 

diminishes the structures and functions of pancreatic β-

cells,27 compromising insulin production and altering glucose 

homeostasis. T2DM is characterised by a progressive decline 

in insulin action i.e. insulin resistance, followed by beta cell 

inability to compensate for insulin resistance.5 This model 

also produces stable and long-lasting hyperglycaemia, for 

example, rats fed a HFD for 5 weeks before STZ (35 mg/kg) 

administration, had a constant high level of blood glucose 

(250–300 mg/dL) for 14 weeks.28  
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the contribution of beta-cell mass and function is attributed 

to the pathogenesis of diabetes, the precise mechanism of its 

involvement remains unknown. The architectures and beta-

cell mass regulation differ between humans and rodents, 

however, animal models have been widely used in diabetic 

studies due to the limitation of the availability of human 

samples and a lack of technologies to investigate human beta

-cell biology.38  

  

CONCLUSION 

 

In conclusion, we were able to create an animal model of 

type 2 diabetic rats from normal Sprague Dawley rats by 

giving a combination of a HFD and a low dose of STZ 

induction. This study shows that, besides genetic influences, 

carbohydrate metabolism also plays an important role in the 

development of Type 2 diabetes mellitus. Our animal model 

demonstrated the metabolic features of human T2DM, less 

expensive and easy to develop for diabetic research.   
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