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INTRODUCTION
Diabetes can be interpreted as a metabolic disease 
which is characterized by high levels of glucose in 
the blood which can be caused by the body being 
unable to produce sufficient insulin or not being 
able to use it effectively. This disease is a long-
term disease that will affect the quality of life. 
Uncontrolled diabetes will cause organ damage, 
especially to eyes, kidneys, nerves, heart, and 
blood vessels1. Both men and women are at risk 
for diabetes. There is no significant difference in 
the prevalence of diabetes at the age of 20-49 years 
between the two sexes2.

Diabetes is also known as a risk factor for 
COVID-19 disease. Patients with diabetes are twice 
likely to be put on a ventilator than patients who 
do not have diabetes. An epidemiological study 
has shown that diabetes increases the likelihood of 
critical illness and mortality in COVID-19 patients. 
A study in the UK involving 23,804 death cases 
due to COVID-19 reported that the probability of 
death increased up to 2-3 times greater in patients 
with diabetes3.

Diabetes has its own types, in which the types 
divided into Type 1 diabetes (T1D), and Type 2 
diabetes (T2D). T1D is an autoimmune disease 
that causes β-cell damage. This disease can happen 
to all the age range, T1D commonly appears in 
childhood in their peak of puberty. Cases of T1D 
occur in both sexes in childhood, but in early 
adolescence, males are more likely to be diagnosed 
with the disease. While previously most common 
in Europe, now T1D is also becoming more 

common in other ethnic groups. The exact cause of 
T1D is still unknown, but it is clear that genetic and 
environmental factors play a role4. Whereas the signs 
on T2D, which is a complex metabolic disorder, can 
be characterized by altered lipid metabolism, insulin 
resistance, and pancreatic cell dysfunction. The 
particular factor that can lead to diabetes is obesity 
as for the development of T2D, which condition 
can lead to elevated triglycerides, hypertension, and 
insulin resistance5.

New preventive and therapeutic strategies to 
treat T2D continue to be pursued, the complexity 
of this disease makes it imperative to establish 
preclinical animal models which must provide 
accurate similarities to the pathogenesis of diabetes 
in humans. Most animal models used for diabetes 
induction use chemicals that target pancreatic cells, 
for example, alloxan (ALX) and streptozotocin 
(STZ). STZ is known to be used for T1D or T2D 
induction. High doses of STZ will cause massive 
necrosis of β-cells, a condition similar to T1D. Aside 
from that, low doses of STZ can cause mild damage 
to β-cells and trigger an inflammatory process that is 
more likely to T2D condition5.

Unfortunately, animal modelling with low dose of 
STZ did not lead to insulin resistance, a condition 
commonly seen in T2D. Therefore, it is necessary to 
administer a high-fat diet (HFD) to animal models 
followed by low-dose STZ to mimic the pathogenesis 
of human T2D and not only in its phenotype. 
Giving HFD will trigger metabolic diseases such as 
hypertension, obesity, and the production of pro-
inflammatory cytokines5. Based on these theories, 
this study aims to analyse the changes that occur 
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in test animals induced by HFD-low-dose STZ and ensure that this 
induction is sufficient to create a stable and constant diabetic animal 
model for a certain time.

MATERIALS AND METHODS

Materials and Preparation
STZ was purchased from Wako, Fujifilm, Japan. Sodium citrate, citric 
acid, and other reagents were purchased from Sigma. HFD was made 
following Nascimento, et al6 and made in the commercial industry of 
animal feed manufacture (Indonesia Formula Feed, Indonesia). HFD 
contains 24% fat, 28% protein, and 33% carbohydrates.

Experimental Animals
Forty male Sprague-Dawley (SD) rats (8–12 weeks old, 200–240 g) 
were obtained from the National Agency of Drug and Food Control. 
Rats were acclimatized with free access to standard food (4% fat) and 
water for a week with the constant temperature which is 22±3°C, 
humidity (70±10%), and light-dark cycle (12 h/12 h) at the Animal 
House, Health Science Cluster, Universitas Indonesia. This study was 
approved by the Ethics Committee of Faculty of Medicine, Universitas 
Indonesia (KET-868/UN2.F1/ETIK/PPM.00.02/2020)7.

Induction of Diabetes

Af﻿ter a one-week adaptation period, thirty rats were fed with HFD for 
28 days (DM group), while the other ten rats continued to be fed with 
standard feed (NC group). Af﻿ter then, diabetes was induced to DM 
group by freshly prepared STZ (intraperitoneal). Freshly prepared STZ 
was made by dissolving STZ in 0.1 M citrate buffer (pH 4.5, 35 mg/kg 
BW)5. Rats were fasted 4h before STZ induction, and the feed was given 
immediately af﻿ter injection. The DM group was still given HFD until 
the end of the study. Two weeks af﻿ter STZ injection, rats in the DM 
group showing symptoms of polydipsia, polyuria, and fasting blood 
glucose (FBG) levels of 150 mg/dl were considered diabetic5.

Measurement of Body Weight and Blood Glucose

The body weight of the rats must to be measured before and af﻿ter the 
process of diet manipulation periods. The weight gain of the rats in the 
DM group and the NC group was calculated and then compared. Af﻿ter 
the rats fasted for 9 hours, the process of measuring blood glucose in 
the rats was carried out8.. Measurement of blood with a blood glucose 
monitoring device by first taking blood from the distal end of the tail 
which is then placed on a test strip for analysis (AccuChek Active, 
Roche Diagnostics, Mannheim, Germany)9.

Lipid Profiles Analysis

Blood samples were taken from the DM group before and af﻿ter STZ 
induction. Blood samples were placed into plain tubes by retro-orbital 
sinus puncture and allowed to sit for one hour at room temperature 
to clot. Thereaf﻿ter, serum collection and preparation by centrifugation 
of blood at 1000 x g were carried out for ten minutes. Lipid profiles 
including triglycerides (TG), total cholesterol (TC), high-density 
lipoprotein (HDL), and low-density lipoprotein (LDL) were then 
measured with a DumoChem 20 (DUMO, Austria)10.

Statistical Analysis
The data that presented fit as the mean ± standard error of mean 
(SEM). Obtained data were analysed for normality and homogeneity of 
variance by the Shapiro-Wilk test and the Levene test, respectively. The 
student’s t-test was used for analysing the data between two groups. 
Mean difference with a p < 0.05 value was considered significant. All 
statistical analyses were performed using GraphPad Prism version 811.

RESULTS AND DISCUSSION
The number of percentages given by T2D found in diabetes cases ranges 
from 90%-95%. The highest average is found in countries with lower 
middle income. Thus, the case that occurs is an important concern for 
global health problems which can be influenced by various factors, 
namely irregular urbanization, extreme changes in the economy, 
culture and society, obesity, unhealthy lifestyles (both physical and 
food consumed), and too much in consuming foods that contain lots 
of sugar and or sweeteners. Diabetes can be treated by controlling the 
increase in blood sugar. According to World Health Organization, the 
criteria for establishing a diagnosis of diabetes are if clinical symptoms 
leading to diabetes accompanied by the results of a blood glucose test 
is the same to or more than 200 mg/dl, fasting blood sugar equals to 
or more than 126 mg/dl, plasma glucose 2 hours af﻿ter meals equals to 
or more than 200 mg/dl, or HbA1c equals to or more than 6.5% (48 
mmol/mol)12. 

People with T2D generally experience obesity which then triggers 
insulin resistance. Insulin is a hormone produced by pancreatic β-cells 
that facilitates the transfer of glucose to the body's cells, except for the 
brain, active muscles, and liver. When glucose absorption by cells is 
disturbed, glucose that cannot enter the cells will remain in the plasma, 
then increase the plasma glucose concentration. Several studies have 
shown that the responsiveness of skeletal muscle and liver to insulin can 
be modified by adipokines (hormones secreted by fat cells). Resistin can 
be released by fat which can interfere with insulin action by increasing 
insulin resistance. Increased production of resistin can occur in obesity, 
whereas adiponectin, another adipokine that can increase insulin 
sensitivity, decreases its production in obese conditions. In addition, 
an abnormal build-up of free fatty acids secreted from adipose tissue 
that occurs in muscle can result in impaired insulin action in muscle. 
Excess fatty acids can also indirectly trigger β-cell apoptosis.13

The administration of HFD in this study was expected to promote 
obesity in experimental animals to mimic obesity in human. As seen 
in Figure 1, HFD group experienced a significantly greater weight gain 
(106.3 ± 2.90 g) compared to standard feed group (64,93 ± 3,27 gr). In 
addition, the HFD group also showed significantly higher RBG, FBG, 
and TC (n=6; *p<0.05) (Table 1). 

The intervention required to cause obesity and progress to insulin 
resistance varies widely, ranging from 1 to 27 weeks. Obesity phenotype 
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Figure 1: Body weight changes. Each point represents the Mean ± SEM 
(n=6), NC vs DM group *p<0.05.

Parameters [mg/dl] NC DM
RBG 91.83 ± 6.04 111.8 ± 3.24*
FBG 69.67 ± 5.39 85.00 ± 3.18*
TC 62.67 ± 3.90 95.00 ± 4.37*

Table 1: Blood glucose and cholesterol level of experimental animals 
between groups after 28 days diet manipulation (n=6), *p<0.05.

RBG: Random blood glucose, FBG: Fasting blood glucose, TC: Total cholesterol.
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and metabolic changes will be more visible with the duration of the 
intervention. In this study, administration of HFD was carried out for 
4 weeks, several phenotypes and metabolic changes of obesity began to 
be seen such as increased body weight, blood glucose, and cholesterol. 
Several studies have described several parameters of obesity, one of 
which is the presence of weight gain of more than or equals to 15% or 
20 g in the test group compared to the control group. In this study, the 
weight gain of the HFD group met this parameter because the weight 
gain of the HFD group was more than 15% compared to the standard 
feed group. The increase in blood glucose also occurred. This might 
be because insulin metabolism cannot adapt to the damage caused by 
continuous excess calories caused by HFD. Also, HFD can induce fat 
accumulation in the pancreas which causes stress on β-cells and impairs 
insulin production. This can lead to hyperglycaemia. In the calculation 
of obesity, cholesterol is one of the important parameters which shows 
that the amount of serum cholesterol has a similar impact on fatty acid 
deposition in adipose tissue14.

Within four weeks of undergoing the stage of diet manipulation, rats 
in the DM group were given a low dose of STZ injection (35 mg/kg 
BW) intraperitoneally. As seen in Figure 2, rats given STZ experienced 
a very significant increase in fasting blood glucose levels (360.7 ± 
6.60 mg/dl). This was because rats’ β-cells were damaged due to the 
administration of STZ, causing a reduction in the insulin level, resulting 
hyperglycaemia. The diabetogenic effect of STZ is by causing damage to 
β-cells. GLUT2 is a plasma membrane-located glucose transporter that 
mediates the entry of STZ into β-cells and results in β-cells cytotoxicity. 
Among all the chemicals available to lead to diabetes, STZ is the most 
particular for modelling diabetes for the animals. STZ selectively 
damages β-cells resulting STZ to be unique and acceptable. Also, 
changes in physiological function and biochemistry found af﻿ter STZ 
induction resemble those commonly found in diabetics. Therefore, 
the STZ-induced diabetes be a representative model that is considered 
medically relevant15.

Administration of STZ also caused changes in the lipid profiles of animal 
models. Hyperlipidaemia is a complication of diabetes characterized by 
elevated levels of cholesterol and triglycerides. In this study, cholesterol 
and triglycerides in the DM group were seen to increase significantly 
(Table 3). While LDL and HDL remain unaffected. Insulin is called 
the "storage hormone" because one of its functions is to promote the 
storage of nutrients in the form of free fatty acids into the body's cells. 
Rats given STZ will experience β-cell damage which then leads to 
insulin deficiency conditions. Lack of insulin will result in high levels 
of free fatty acids in the blood, including cholesterol and triglycerides16.

STZ shows three glycaemic phases called “triphasic blood glucose” 
af﻿ter STZ injection in response to destruction of β-cells. The initial 
hyperglycaemic phase is characterized by a decrease in insulin levels 
that can lead to a second hypoglycaemic phase due to the massive 
release of insulin from the ruptured β-cells. The last phase, the stable 
hyperglycaemic phase resulted in an increase in blood glucose levels up 
to 350-400 mg/dl. This last phase occurs af﻿ter approximately 1-2 weeks 
af﻿ter the STZ injection. Therefore, measurement of blood sugar af﻿ter 
STZ induction should be done at least 2 weeks af﻿ter injection15.

One of the factors that must be considered when making animal 
models is the stability of the animal model conditions during the study. 
Animal models are expected to survive under specific stable conditions 
for a certain period of time. In this study, clinical appearance and FBG 
of animal models were observed for 6 weeks af﻿ter STZ injection. As 
seen in Figure 3, the FBG of the DM group remained in the diabetic 
state (>150 mg/dl). This shows that making animal models using HFD-
low dose STZ is quite effective and efficient to make animal models that 
last up to 6 weeks11.

In addition to the HFD-STZ animal model, there are also genetically 
made diabetic animal models, for example Zucker diabetic fatty rat and 
db/db mice. This animal model provides T2D conditions that are more 
similar than the HFD-STZ model, but the costs are very high, handling 
is difficult, and not always available. Other diabetic animal models, 
such as STZ-nicotinamide and neonatal STZ, require relatively large 
doses of STZ compared to HFD-STZ models and cause greater damage 
to cells. This animal model is more representative of T1D than T2D. 
Making a diabetic animal model using HFD-low dose STZ is preferred 
because it uses fewer doses of STZ, so costs can be relatively reduced, 
availability is maintained because it can use mice or rats, and based on 
this study, the HFD-low dose STZ animal model is quite effective to 
mimic T2D conditions within a specified timeframe5.
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Figure 2: DM Group FBG changes. Data shown are means ± SEM (n=30). 
Before vs after, significantly different *p<0.05.
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Figure 3: Fasting blood glucose level within 6 weeks. Data shown are 
means ± SEM (n=6).

Lipid Profiles
[mg/dl] Before After

TC 96.5 ± 5.53 149.3 ± 8.8*
HDL 60.72 ± 2.03 62.25 ± 1.96
LDL 66.17 ± 2.66 62.67 ± 3.41
TG 84.33 ± 2.97 488.3 ± 65.08*

Table 2: Lipid profiles of experimental animals before and after STZ 
injection (n=30). Before vs after, significantly different *p<0.05.

TC: Total cholesterol, HDL: High density lipoprotein, LDL: Low density 
lipoprotein, TG: Triglyceride.
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CONCLUSION
The study focuses to investigate the changes of diabetic rats induced 
by HFD and low-dose STZ. From the data, HFD feeding combined 
with a low-dose STZ (35 mg/kg BW) injection effectively work to 
mimic specific condition that is similar to T2D for up to 6 weeks. 
However, further modifications of this model, such as increasing diet 
manipulation time, modifying the composition of HFD, or increasing 
study time, are still needed to investigate the stability and biochemical 
parameter changes of the animal models.
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