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ABSTRACT… Diabetes is associated with oxidative stress and has a significant role in the 
pathophysiology of the disease and its complications. Exercise training is a powerful therapeutic 
approach in diabetes and has protective effects against the progress of its complications. 
Objectives: The aim of this study was to investigate the effect of an endurance exercise 
program on the oxidative stress marker malondialdehyde (MDA) in high fat diet-low dose 
streptozotocin induced type 2 diabetic mouse model. Study Design: Randomized Control 
trial. Setting: Department of Physiology, Akhtar Saeed Medical and Dental College, Lahore. 
Period: August 2017 to August 2018. Material & Methods: 60 male albino mice were fed 
a high fat diet containing 60% kCal as fat for 4 weeks. This was followed by intra peritoneal 
injection of 40mg/kg body weight streptozotocin, given on three consecutive days. Mice with 
fasting blood glucose more than 250mg/dl after a week were considered diabetic. Half the mice 
underwent an exercise program which comprised of a 20 minute swimming session per day, 
with a 6% body weight load attached to the tail of mice, 3 days a week, for 4 weeks. The level 
of MDA was estimated in both groups using TBARs method. Results: Mean malondialdehyde 
level was significantly (p<0.05) reduced in diabetic mice that underwent endurance exercise 
training. Conclusion: This study highlights the important role of endurance exercise in reducing 
oxidative stress in diabetes.
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INTRODUCTION
Diabetes is related with high oxidative strain, 
that has an significant role in its etiology and 
progression.1 High insulin levels disturb insulin 
signaling through NADPH oxidase 4, a potent 
enzyme that generates reactive oxygen species. 
Through a successive chain of events, high levels 
of ROS cause the Golgi apparatus to translocate 
GLUT4 for degradation to lysosomes instead of 
the plasma membrane.2 In response to reactive 
oxygen species, stress pathways like p38 MAPK, 
NF-kB are activated. This results in increased 
levels of cytokines causing inflammation like 
TNFα and IL-6.3

Evidence suggests that free radicals also play an 
important part in the molecular mechanisms of 
vascular disease in diabetes.4 The endothelium 
fails to secrete adequate quantity of NO and 
vessels respond poorly to endothelium-

dependent vasodilators.5 Hyperglycemia leads 
to overproduction of the superoxide free radical 
by mitochondria; and this ROS reacts with 
NO to produce peroxynitrite.6 It also directly 
inactivates two critical enzymes which protect 
against atherosclerosis, epithelial NO synthase 
(eNOS) and prostacyclin synthase. Mitochondrial 
overproduction of superoxide free radicals 
activates multiple stress pathways and suppresses 
the angiogenic response of endothelial cells to 
ischemia.7

Malondialdehyde (MDA) is an in vivo marker 
of oxidative stress, that is produced by the 
peroxidation of polyunsaturated fatty acids 
(PUFA).8 It is an organic, highly reactive 
compound that causes lethal stress in cells 
and produces covalent protein adducts called 
advanced lipoxidation end-products (ALE), similar 
to advanced glycation end-products (AGE).9 
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MDA itself promotes atherosclerosis. It reacts 
with lysine residues and causes cross-linking in 
apoB portions of OxLDL. Oxidized LDL is taken 
up by macrophages and leads to foam cell 
development in atherosclerosis.10

Studies have shown that MDA levels are raised in 
patients of diabetes and are positively related to 
hyperglycemia and albuminuria, thus proposing 
that lipid peroxidation plays a pivotal role in the 
pathophysiology of diabetic complications.11

Exercise is a planned and structured form of 
physical activity. Endurance exercise is a form 
of physical activity that raises heart rate and 
stimulates greater use of O2.

12 Brisk walking, 
bicycle riding, jogging, and swimming are 
typical examples. Aerobic/endurance exercises 
involve recruitment of a substantially large 
muscle mass. The beneficial effects of exercise 
in diabetes include improved blood glucose 
control, lipid profile, arterial pressure and sequel 
of cardiovascular events. In type 2 diabetics, 
moderate exercise increases muscle use of 
blood glucose more than gluconeogenesis in 
the liver, leading to a decrease in blood levels. 

Exercise triggers non-insulin dependent GLUT4 
translocation, partly through the activation of 
5 AMP activated protein kinase.13 It enhances 
mitochondrial biogenesis, enzymes taking part 
in oxidation, insulin sensitivity, decreases the 
risk of cardiovascular problems and helps in 
weight loss.14 Regular exercise also impedes the 
development of diabetes.15

MATERIAL & METHODS

This randomized control trial was conducted at 
the Department of Physiology, Akhtar Saeed 
Medical and Dental College, Lahore.

Duration of Study was from August 2017 to 
August 2018

Sixty healthy, male albino mice, of 30-40 grams 
were randomly selected and purchased from the 
Veterinary Institute and Research Centre, Lahore.

Inclusion Criteria
•	 Healthy, male albino mice of 30 to 40 grams.

Exclusion Criteria
•	 Unhealthy mice.
•	 Mice physically unfit for swimming.
•	 Mice that did not develop diabetes.

The animals were maintained at the animal house 
of Akhtar Saeed Medical College. The mice were 
kept in standard-sized steel cages in a twelve 
hour light/dark cycle with lights on from 7 am to 
7 pm. A controlled environment was created with 
temperature close to 26ºC, 50% humidity and 
adequate ventilation.16

All animal procedures were reviewed and 
approved by the Ethical Review Committee of 
Akhtar Saeed Medical College, Lahore.

Type 2 diabetes mellitus was induced in the entire 
population of mice by a high fat diet- low dose 
streptozotocin model17 that closely mimics the 
natural pathophysiology of the disease.

a) High Fat Diet
Mice were fed a high fat diet containing 60% kcal 
as fat,  for 2 weeks. High fat diet was constituted by 
adding lard to standard chow in the appropriate 
proportion.17

b) Administration of Streptozotocin
After receiving high fat diet for 2 weeks, the mice 
were given 3 doses of streptozotocin STZ, each 
of 40mg/kg body weight17 on 3 consecutive days 
by intraperitoneal injection. STZ was prepared 
fresh each day and administered within 30 
minutes of constitution. Mice had access to 
glucose in saline instead of plain water for 24 
hours after administration of STZ to prevent 
fatal hypoglycemia. Fasting glucose levels were 
measured 1 week after receiving the first dose of 
streptozotocin.16 Blood was drawn from the tail 
vein and glucose was estimated using a hand 
held glucometer (AccuCheck). Mice with fasting 
blood glucose > 250mg/dl were labeled diabetic.

Streptozotocin is selectively taken up by 
pancreatic β cells through GLUT2. It causes 
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degeneration and destruction of DNA by reacting 
with cytosine groups. It causes selective B cell 
destruction and reduces pancreatic reserve.16 
Combined with a high fat diet that induces 
insulin resistance, partial B cell destruction by 
low dose STZ results is hyperglycemia and 
hyperinsulinemia. This model therefore closely 
mimics the natural pathophysiology of type 2 
diabetes.

The exercise program comprised of a 20 minute 
swimming session per day, with a 6% load attached 
to the tail of mice, 3 times a week on alternate 
days, for 4 weeks.18 Mice were familiarized with 
swimming for a few minutes daily a week prior to 
initiation of the exercise study, to allow them to 
acclimatize to handling of the task. 

A circular swimming tank was used, with a width 
of 65cm and length of 50cm. Water depth was 
kept at 35cm19 and 15cm was left from above the 
water level to prevent mice from jumping out.
•	 Swimming sessions were supervised 

to prevent any animal from drowning or 
adopting irregular swimming behavior that 
could reduce work capacity (like floating) or 
produce hypoxia (diving).

•	 The number of mice was restricted to four 
per session, to prevent any hindrance to 
swimming and affecting workload.

The temperature of the water was kept between 
32 and 36-20 by warming it with a coiled metallic 
heating rod and checking the temperature using 
an alcohol thermometer. This precaution was 
taken to ensure optimum swimming speed and 
performance.

MDA concentration was estimated by TBARS 
method. MDA reacts with thiobarbituric acid to 
form a colored complex [MDA - (TBA)2 complex] 
which is measured by spectrophotometery.21

4mM of TBA reagent was prepared by dissolving 

57.66 mg of TBA in 100mL of 20% glacial acetic 
acid. 

Preparation of Standard MDA Solutions
1mM stock solution was prepared by dissolving 
31.35mg of MDA in 100mL of 20% glacial acetic 
acid. From the stock solution serial dilutions 
were done to yield multiple concentrations of the 
standard, in the range of 0.1 to 1.0mM.

1.5 ml of 0.5% thiobarbituric acid was mixed with 
200µl of the sample or standard, followed by 
200µl of 8.1% SDS and 1.5 ml of 20% acetic acid. 
Distilled water was added to the reaction mixture 
to a final volume of 5ml and placed at 90 0 C in a 
hot water bath for 60 minutes. The mixture was 
left to cool at room temperature and then 1 ml of 
distilled water and 5 ml of n-butanol were added. 
The mixture was then mixed well and placed in a 
centrifuge machine at 4000 rpm for 10 minutes. 
The absorbance of the supernatant was measured 
at 532 nm against blank using distilled water. The 
concentration of MDA was determined as:

Serum MDA(µmol/L)= Absorbance of 
Sample/Absorbance of Standard×Standard 
Concentration×Dilution Factor  
(µmol/L) absorb of standard-absorb of blank 
conc.

Was carried out using database software and 
statistical program PASW18 (formerly SPSS) to 
determine mean, standard deviation and 95% 
confidence interval. Student’s t-test was applied 
to compare the levels of parameters and to 
determine the significance of difference between 
the groups. p value ≤0.05 was considered 
significant.

RESULTS
The diabetic mice that underwent an endurance 
exercise program for four weeks had significantly 
(p=0.000) lower serum malondialdehyde 
(17.07±0.56 µmol/L) as compared to the diabetic 

Serum Parameter Diabetic Control (n=30) Diabetic exercise (n=30) P-Value
Malondialdehyde (µmol/L) 19.94±1.31 17.07±0.56 0.000*
Table-I. Comparison of serum glucose, insulin and malondialdehyde between diabetic control and diabetic exercise 

groups by student t-test. Values are presented as mean± SD  -  *significance (p<0.05) at 95% confidence interval
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control mice (19.94±1.31µmol/L).

DISCUSSION
The current study has revealed significant 
reduction in the oxidative stress marker 
malondialdehyde in diabetic mice that underwent 
an endurance exercise regime. Diabetes displays 
a high level of oxidative stress due to prolonged 
high levels of glucose which exhaust antioxidant 
mechanisms and stimulate generation of 
endogenous free radicals. Oxidative strain has 
lately been shown to be partly accountable for the 
β-cell damage caused by chronic hyperglycemia. 
Glucose excess causes the formation of several 
reducing sugars from glycolysis and the polyol 
pathway; and in this course oxidative free 
radicals are formed that lead to tissue injury.8 We 
have investigated the effectiveness of endurance 
exercise training as a therapeutic strategy in 
reducing oxidative stress in diabetes.

In a study conducted by Kanter et al (2017), 
the effects of low intensity exercise on the heart 
of streptozotocin induced diabetic rats was 
investigated. Treatment of diabetic animals with 
low intensity exercise reduced tissue MDA levels 
and improved the activity of the antioxidants 
superoxide dismutase (SOD), glutathione 
peroxidase (GSH-Px), and catalase (CAT) in 
cardiac tissue.22

Similarly, in another study, the effect of physical 
training on oxidative strain in cardiac tissue 
and blood of STZ induced diabetic rats was 
investigated.  After 6 weeks of voluntary wheel 
running, there were significantly lower MDA levels 
in both the cardiac tissue (p<0.01) and blood 
(p<0.05).23

In a recent study (2019) endurance training of 
mothers with metabolic syndrome showed a 
significant reduction in neonatal oxidative stress 
markers.24

Regular physical exercise has shown to be 
effective in the prevention and delay of type 
2 diabetes.25 An exercise program consisting 
of eight weeks of treadmill training improved 
endurance capacity and positively reduced 

oxidative stress as measured by TBARS.26 

CONCLUSION
Our study showed that endurance exercise 
reduced diabetes induced oxidative stress.
Copyright© 28 Apr, 2020.
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