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ABSTRACT

Introduction: The prevalence of diabetes mellitus in the community will reach 1.7% by 2023 and is among the top 
10 diseases causing death in Indonesia. Obesity from high-fat diets can contribute to diabetes by altering leptin and 
adiponectin, which are essential regulators in diabetes mellitus. This study aims to examine the effects of high-fat 
diets in modulating blood glucose, leptin, and adiponectin levels in diabetic rats. Materials and Methods: A Ran-
domized Posttest Control Group Design was used, involving Wistar rats divided into three groups: a control group 
receiving a placebo (X0), a diabetic group treated with streptozotocin (X1), and a diabetic group treated with both 
streptozotocin and a high-fat diet (X2). Diabetes was induced using intraperitoneal streptozotocin (60 mg/kg BW) 
and a high-fat diet administered over 7 days. Blood glucose measured using glucometer, while leptin, and adiponec-
tin levels were assessed using ELISA. Results: Statistical analysis with one-way ANOVA at a 95% confidence level 
(α=0.05) revealed significant differences in blood glucose (p=0.012) between the groups, but no significant differ-
ences were found in leptin (p=0.337) and adiponectin (p=0.067) levels. Conclusion: The combined streptozotocin 
and a high-fat diet effectively simulated diabetic conditions by significantly increasing blood glucose levels, though 
variability in leptin and adiponectin responses suggests a need for further study.

Malaysian Journal of Medicine and Health Sciences (2025) 21(SUPP10):125-129. doi:10.47836/mjmhs.21.s10.25

Keywords: Adiponectin, Blood glucose, Diabetic rats, High fat diet, Leptin 

Corresponding Author:  
Agung Pranoto, PhD 
Email: agung-p@fk.unair.ac.id
Tel :+62-0315023866

INTRODUCTION 

The global prevalence of diabetes in 2021 in adults 
reached 536.6 million people and is expected to 
continue to increase annually (1). For 2021-2045, the 
prevalence of diabetes is higher in middle-income 
countries than in high- or low-income countries (1). 
Indonesia is a middle-income country where diabetes 
mellitus is among the top 10 diseases that cause death 
(2). According to the Indonesian health survey institute 
report, the prevalence of diabetes mellitus in Indonesian 

society reached 1.7% in 2023, 50% of which suffered 
from type 2 diabetes mellitus, the majority of which 
were suffered by the elderly and type 1 diabetes around 
16.9%, the majority of which were suffered by children 
aged 5-14 years (3).

Diabetes mellitus is a significant risk factor for 
cardiovascular diseases and is characterized by 
persistently high blood sugar levels resulting from 
problems with insulin secretion or function. Over time, 
this condition causes extensive damage to various 
organs, particularly the eyes, kidneys, nerves, heart, 
and blood vessels (4). Adipokines, including leptin and 
adiponectin, are essential for metabolic regulation, 
impacting insulin sensitivity and inflammatory processes. 
Insulin is a primary regulator of adipose tissue function. 
In people with diabetes mellitus, the body’s natural 
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insulin production is substituted with an external supply, 
which does not provide the same regulatory control.

Leptin and adiponectin exert contrasting effects on 
insulin resistance and subclinical inflammation. Leptin 
promotes inflammation and insulin resistance (5), while 
adiponectin has anti-inflammatory effects, reducing 
proinflammatory markers. An imbalance between leptin 
and adiponectin often linked to high-fat diets, increases 
the risk of diabetes and cardiovascular disease (6). The 
leptin-adiponectin ratio is closely link to metabolic 
syndrome and energy homeostasis issues (7).

Obesity is another risk factor for diabetes, which can 
be induced in lab animals through chemicals like 
streptozotocin, a substance that damages insulin-
producing cells and causes hyperglycemia (8). This 
study aims to examine the effects of high-fat diets in 
modulating blood glucose, leptin, and adiponectin 
levels in diabetic rats.

MATERIALS AND METHODS

Research’s design and sample

This research received ethical approval from the Health 
Ethics Commission of the Faculty of Public Health, 
Universitas Airlangga (No.546/EA/KEPK/2018). The 
study employed a Randomized Posttest Control Group 
design. Male Wistar rats (Rattus norvegicus), aged 
2–3 months, weighing 150–200 grams, and deemed 
physically fit, were used as the subjects. The animals 
were obtained from the Animal Implementing Unit, 
Faculty of Medicine, Universitas Airlangga, Surabaya, 
Indonesia. The sample size consisted of 8 rats per group, 
for a total of 24 rats across 3 groups. Dropouts were 
defined as cases where a rat died or experienced severe, 
unintended, or incurable side effects during the study 
period.

Treatment of experimental and outcome measurement

The rats in the control group and treatment group 
X1 were given a standard pellet diet and water ad 
libitum, while treatment group X2 was given a high-
fat diet (HFD) and water ad libitum. The composition 
of the high-fat diet was 50% Rat Bio feed pellets, 25% 
wheat flour, 2% cholesterol, 0.2% cholic acid, 5% 
pork oil, 17% water. They underwent a one-week 
acclimatization period to ensure their adaptation to the 
experimental environment. Diabetes was induced in the 
two experimental groups using different methods. This 
study used a single high dose injection of streptozotocin 
(STZ) 60 mg/kg BW injected intraperitoneally in rats of 
groups X1 and X2. Group X2 underwent a high fat diet 
(HFD) for seven days before receiving the same dose of 
STZ to induce type 2 diabetes while group X1 was only 
given STZ alone to induce type 1 diabetes. Reference to 
this method comes from previous research conducted 

by Akbarzadeh et al. (2007) (9)

On the eighth day, all groups of rats were sacrificed, 
blood samples were taken to measure glucose, leptin, 
and adiponectin levels. The rats were not fasted prior to 
blood collection so the normal blood glucose threshold 
using the Random Plasma Glucose (RPG), which is less 
than 200 mg/dL. Blood glucose was measured using a 
glucometer (EasyTouch® GCU), EasyTouch® blood 
glucose test strips, while leptin and adiponectin levels 
were measured using Enzyme-Linked Immunosorbent 
Assay (ELISA) at the Institute of Tropical Disease, 
Universitas Airlangga. This study involved three 
experimental groups: (1) X0, the control group, which 
received placebo treatment, (2) X1, the diabetes group 
induced with STZ only, and (3) X2, the diabetes group 
induced with a combination of HFD and STZ injections. 
This grouping allowed comparative analysis of diabetes 
induction methods and their effects on key metabolic 
markers. 

Statistical Analysis

The data were analyzed with a One-Way ANOVA, 
and significant findings were further evaluated at a 
95% confidence level (p≤0.05). In addition, the Least 
Significant Difference (LSD) test was performed on blood 
sugar, leptin and adiponectin levels to see the difference 
in the means of two different treatment groups marked 
(a-b) for 2 significantly different groups.
 
RESULTS 

Blood Glucose Level

In this study, there were notable differences in blood 
glucose levels among groups, with the X2 group (STZ 
+ HFD) showing the highest levels and the X0 group 
showed lowest levels (Table I). ANOVA results indicated 
significant differences in blood glucose levels across 
groups (p=0.012). Further testing using LSD showed that 
there was a significant difference between X0 and X2 
and between X1 and X2, but not between X0 and X1.

Leptin level

Table II indicates that while the X2 group had the 
highest average leptin level among all groups, there was 
no statistically significant difference in average leptin 
levels across the groups (p=0.337).  Further testing using 
the LSD also found no significant difference between the 
two differently treated groups.

Adiponectin level

Table III illustrates that the treatment group had decreased 
adiponectin levels, with X2 showing the lowest levels. 
Despite this reduction, an ANOVA test indicated no 
significant differences in adiponectin averages across 



127Mal J Med Health Sci 21(SUPP10): 125-129, Nov 2025

Figure 1: The average of glucose level

Groups n Mean±SD Min Max p

X0 8 150.37±15.07a 130 175 0.012*

X1 8 177.00±27.78a 145 230

X2 8 226.62±74.63b 152 359
*p<0.05 indicates a significant difference between the groups.
Different letters (a-b) indicate a significant difference (p<0.05) in the same column.

increase in blood glucose is an indicator of diabetes, 
which often appears asymptomatic. Type 1 diabetes is 
characterized by autoimmune damage to β cells, leading 
to insulin deficiency. Without insulin, glucose cannot 
enter cells, resulting in hyperglycemia and metabolic 
disruptions.

In type 1 diabetes, insulin deficiency leads to 
uncontrolled lipolysis and an increase in plasma free fatty 
acids, which hinders glucose metabolism in peripheral 
tissues and disrupts glucose utilization. This deficiency 
also reduces the expression of genes essential for normal 
insulin function, like glucokinase in the liver and GLUT4 
in tissues (10), with GLUT4 facilitating glucose transport. 
Consequently, type 1 diabetes disrupts the metabolism 
of glucose, fat, and protein.

In Table I, the result showed no difference in glucose 
levels was observed between the control (X0) and 
streptozotocin (X1) groups. This can occur because 
the administration of streptozotocin only damages 
pancreatic beta cells through the Glut-2 transporter 
gene which causes DNA alkylation and activation of 
PARP proteins into NAD+ proteins, thus reducing ATP 
production and inhibiting insulin production, producing 
free radicals and DNA damage so that pancreatic beta 
cells undergo necrosis (11). However, streptozotocin 
does not directly increase blood glucose levels because 
STZ acts like a switch that shuts down insulin production 
by destroying pancreatic beta cells (12). Without insulin, 
glucose levels will rise, but STZ itself does not directly 
add glucose to the blood.

Differences in glucose levels were observed between X0 
and X2, and X1 and X2. There was a significant difference 
between the blood glucose levels of the X0 and X1 
groups and the X2 (STZ+HFD) group. The significant 
increase in blood glucose levels after induction with 
STZ and HFD is likely due to the combined effects of 
these interventions on insulin resistance and beta-cell 
destruction in the pancreas. Streptozotocin is known to 
selectively damage insulin-producing beta cells, leading 
to reduced insulin secretion and hyperglycemia. When 
coupled with a high-fat diet, which exacerbates insulin 
resistance, this results in significantly elevated blood 
glucose levels.

Leptin level

Leptin links obesity with an increased risk of 
cardiovascular disease by helping to regulate food intake 
and weight, which may prevent insulin resistance in 
type 1 diabetes. A study discovered that elevated leptin 
levels are associated with body mass index and insulin 
resistance in diabetes (13), while another study noted 
that leptin resistance can occur alongside increased 
insulin levels (6).

There was no significant difference in the mean leptin 

Groups n Mean±SD Min Max p

X0 8 2.34±0.47a 1.88 3.11 0.337

X1 8 2.72±0.68a 2.03 4.05

X2 8 2.88±0.93a 2.43 4.71
*p<0.05 indicates a significant difference between the groups.
Different letters (a-b) indicate a significant difference (p<0.05) in the same column.

Groups n Mean±SD Min Max p

X0 8 39.14±1.79a 35.93 41.09 0.067

X1 8 35.87±4.51 28.65 40.89

X2 8 35.11±3.48b 29.06 39.00
*p<0.05 indicates a significant difference between the groups.
Different letters (a-b) indicate a significant difference (p<0.05) in the same column.

Table III: The average adiponectin level (μg/ml) in the con-
trol and treatment groups

Table II: The Average leptin level (ng/ml) in the control and 
treatment groups

Table I: The average glucose levels (mg/dl) in the control 
and treatment groups

Figure 2: The average between leptin and adiponectin levels

the three groups (p=0.067). Further testing using LSD 
only between groups X0 and X2 that there is a significant 
difference. 

DISCUSSION

Blood Glucose Level

Induction with streptozotocin (STZ) combined with a 
high-fat diet can cause type 2 diabetes by increasing 
blood glucose, leptin, and adiponectin levels. An 
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is characterized by an increase glucose levels in the 
blood. Therefore, the ratio can be used as an additional 
indicator for the occurrence of obesity complications 
such as insulin resistance and endothelial dysfunction.
In this study, there was no significant difference in mean 
adiponectin levels between the three groups of rats. 
This was also due to the short duration of high-fat diet 
feeding so that it did not have an impact on the body 
condition of the rats. A study showed contrasting results 
with a period of 42 days of HFD feeding (21).

CONCLUSION

The study results suggest that high-fat diet induction 
causes changes in blood glucose levels in the treatment 
group. Although blood glucose levels differed across 
the groups, leptin and adiponectin levels did not show 
significant differences between the control and treatment 
groups. It is necessary to develop a method for further 
research regarding the administration of HFD for at least 
30 days or more so that there is a significant increase in 
fat mass that affects the average leptin and adiponectin 
levels of rats.
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