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Abstract. This study aims to compare the biomarker of oxidative stress in rats after 

subjected to exercise in different intensity. It was an experimental study involving 15 

male Wistar rats. Rats were allocated to control (C), moderate swimming training (M) 

and exhaustive swimming training (EX). Rats in M group were forced to swim twice a 

week for 15 minutes, while rats in EX were forced to swim with external load added (5% 

of bodyweight) until exhausted or once rats stayed submerge for 10 s. After two weeks of 

exercise, rats were euthanized and 4 mL of blood samples were drawn to measure MDA 

and SOD. The results of this study revealed a significant difference in MDA and SOD 

level between groups. Rats in EX were found to have highest level of MDA (38.10 ± 

2.29) as well as lowest in SOD level (1.06 ± 0.06) than the peers in M. The findings 

indicate that moderate exercise is the most suitable exercise to prevent oxidative stress. 

Keywords: exercise, free radical, intensity, malondialdehyde, oxidative stress, 

superoxide dismutase. 

1   Introduction 

Physical activity that is carried out regularly as part of a healthy lifestyle will have a 

positive impact on health [1]. Studies reported that physical activity can lower the risk of 

several degenerative diseases, such as cardiovascular disease [2][3], cancer [4], and diabetes 

mellitus type 2, as well as reduce osteoporosis [5]. Moreover, adequate physical activity is 

found to be a strong gene modulator that induce structural changes in the human brain, 

affecting cognitive function [6]. The benefit of regular exercise is also found to associate with 

psychological well-being which in turn affect quality of life [7]. 

While regular exercise or physical activity contributes to numerous benefits on human 

health system, studies observed the differences in positive effects when the volume and 

intensity are taken into account 7. The favourable effects of exercise are lost following the 

exhaustion [8]. In other words, excessive exercise which depletes the body’s adaptive system, 

or the ability to give positive feedback to training stimulus, can be damaging to human’s 

health [9]. Exercise also represents a physical stress that shatters homeostasis state [10], with 

working skeletal muscle is the most afflicted organ during physical activity [11]. Several 

studies stated that exhaustive exercise especially when performed sporadic, can alter 

inflammatory reactions or structural damage within the muscles, likely due to the enhance 

production of radical oxygen species (ROS) [8]. When cell is under exhaustive condition, the 

utilization of oxygen increases 10-15 times and free radicals may be generated beyond the 
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body’s natural antioxidant defense [12], which is characterized by the changes in oxidative 

stress biomarkers.   

ROS in sufficient level actually plays important role in modulation of numerous cellular 

function such as signalling process, tissue homeostasis, as well as involving in biological 

system [13][14]. But when it is overproduced as the result of exhaustive exercise, the damage 

is inevitable as it can lead to oxidative stress which further causes lipid peroxidation in cells 

and tissues[15]. Overproduction of ROS also involves in disturbance of several biological 

processes, including physiological, psychological, and immunological systems[16]. 

Furthermore, it poses serious threat to antioxidant defence system which later can increase 

cells susceptibility to oxidative damage [8].  

It is well established that exercise is known to induce the generation of free radical. 

Previous studies have demonstrated that acute aerobic and anaerobic exercise, both maximal 

or submaximal, can generate ROS [17]. While the exercise-induced oxidative stress has 

received wide attention, the relationship between exercise and its subcomponent such as 

intensity and the resultant production of ROS still remains unclear. And the important 

question about the role of various types of exercise and load or intensity is still an issue under 

debate. Little is known about which type of exercise or what level of intensity could give more 

benefit to prevent oxidative stress. Hence, the present study aims to compare the biomarker of 

oxidative stress in rats after subjected to exercise in different intensity. 

2   Method 

It was an experimental design using post-test only control group design. In this study, five 

weeks old fifteen male Wistar rats (Rattus norvegicus) weighing 150-200 grams were used. 

All rats were placed in standard cages and maintained to adapt under environmentally 

controlled conditions during the study (25±1oC temperature; 50±1% relative humidity; and 

12:12 hours light-dark cycle) and were provided standard rat chow and tap water ad libitum 

during experimental period. Afterward, they were divided into three weight-matched groups 

(n=5/cage): (1) control group (C); (2) moderate intensity swimming training (M), and (4) 

exhaustive swimming training (EX). 

All rats were adapted to the water for 1 week during the acclimatization period. The 

adaptation was done by putting the animals in shallow water for 1 minutes every day to 

prevent stress. After a week of acclimatization, the rats were assigned to respective swimming 

training. The swimming session was done individually in a glasses tank filled up with water 

that was set on normal temperature and sufficient enough for rat to swim simultaneously. 

Moderate swimming training was performed every morning at 9 am, two times a week, 15 

minutes/day, for two weeks. While exhaustive swimming training was done using the same 

protocol as moderate exercise but until rats got exhausted. Exhaustion was defined once rat 

remained submerged in the water for 10 seconds. An external load weighed 5% of rat’s 

bodyweight was added to EX group to augment the exercise intensity.  

After each swimming session, rats were hair-dried to prevent hypothermia stress. 24-h 

after the end of last swimming session, all rats were euthanized. 5 mL of intracardiac bloods 

samples were drawn to measure malondialdehyde (MDA) level and superoxide dismutase 

(SOD). MDA was measured using thiobarbituric acid reactive substances method (TBARS) 

and the result was stated as µM, while SOD measurement was performed by xanthine oxidase 

method and the result was stated as U/mL. 



 

 

 

 

Data were analysed using standard statistical software package SPSS and presented as 

mean values and standard deviation (SD). Kolmogorov-Smirnov was used to evaluate the data 

distribution. The normally distributed data were analysed using Pearson correlation to assess 

the relationship between MDA and SOD level. Further analysis was carried out by one-way 

Anova to compare MDA and SOD level between groups, and post-hoc analysis was carried 

out using LSD test to find out which pair showed significant different. P-value less than 0.05 

was considered statistically significant.  

3   Result 

This present study investigated the effect of different intensity of swimming training on 

oxidative stress biomarker in rats. Rats in all groups were healthy and did not show any 

significant changes on physical figure and behaviour after a week of acclimatization phase. 

All rats completed the whole protocol from first week until the end of experimental period. 

Table 1. Normality test of oxidative stress biomarker 

Biomarker Mean  SD (±)  p-value 

Malondialdehyde (µM) 

Superoxide dismutase (U/mL) 

34.46 

1.16 

4.03 

0.09 

0.846 

0.631 

 

Table 1 shows an overview of normality test on oxidative stress biomarker. The result of 

Kolmogorov-Smirnov test shows that malondialdehyde (MDA) and superoxide dismutase 

(SOD) are normally distributed with p-value 0.846 and 0.631, respectively. The overall mean 

level of MDA is 34.46 ± 4.03 µM, while SOD is 1.16 ± 0.09 U/mL (Table 1). 
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Fig 1. The Mean Level of MDA (a) and SOD (b) in Each Group 

The highest level of MDA is 38.10 ± 2.29 µM and it is found in EX group which is 

assigned to exhaustive exercise. The contrast finding is found in SOD level, where EX group 

happens to have lowest endogenous antioxidant (SOD) with 1.06 ± 0.06 U/mL compared to 

moderate (M) and control group (C) (Fig. 1). 

Table 2. The correlation between Malondialdehyde (MDA) and Superoxide Dismutase (SOD) level 

Variable Group Mean  SD (±)  r p-value 

Malondialdehyde (µM) 

 

Control (C) 29.48 0.87 

-0.726 0.021 

Moderate (M) 35.81 1.06 

Exhaustive (EX) 38.10 2.29 

Superoxide dismutase 

(U/mL) 

Control (C) 1.25 0.06 

Moderate (M) 1.15 0.03 

Exhaustive (EX) 1.06 0.06 

 

Pearson correlation found a negative correlation between MDA and SOD level with r = -

0.726. It could be seen that swimming training that were assigned to rats altered the redox 

balance in favour of oxidative stress, where the increase of MDA level would be followed by 

the decrease amount of SOD. 

Table 3. The comparison of Malondialdehyde (MDA) and Superoxide Dismutase (SOD) level between 

groups 

Variable Group p-value 

Malondialdehyde  

(µM) 

 

Control (C) Moderate (M) 0.000 

 Exhaustive (EX) 0.000 

Moderate (M) Control (C) 

Exhaustive (EX) 

0.000 

0.036 

Exhaustive (EX) Control (C) 

Moderate (M) 

0.000 

0.036 

Superoxide dismutase 

(U/mL) 

Control (C) Moderate (M) 

Exhaustive (EX) 

0.012 

0.000 

Moderate (M) Control (C) 0.012 
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Exhaustive (EX) 0.017 

Exhaustive (EX) Control (C) 

Moderate (M) 

0.000 

0.017 

 

According to the result of one-way Anova, MDA level in control group (C) shows 

significant different with those in moderate (M) and exhaustive swimming training group 

(EX), with p = 0.000 for both groups. MDA level in moderate group also differs significantly 

with the peers in exhaustive exercise (p = 0.036). The present study also found significant 

differences in the level of SOD between control group and moderate (p = 0.012) and 

exhaustive (p = 0.000) groups. Furthermore, rats in moderate group shows significant different 

with those assigned to exhaustive exercise (0 = 0.017). 

4   Discussion 

In recent years of clinical research, MDA and SOD have often been used as popular 

matching indicators of oxidative stress. MDA is one of the aldehyde compounds occurring as 

a result of lipid peroxidation [18]. MDA reflected the degree of damage in cells caused by 

overproduction of free radicals, whereas SOD is associated with free radical scavenging 

ability [19]. MDA also reflected the severity of lipid peroxidation, thus it often used as 

biomarker of oxidative stress [20].  

In this study, the swimming training that were given to rats for certain duration and 

intensity produced a significant increase in oxidative stress biomarkers, principally shown 

through the elevation of MDA plasma and the decrease in SOD level (p < 0.05). MDA level 

was significantly found to be highest in exhaustive group (EX) than in control group (C) and 

moderate exercise group (M). The result was similar to other studies conducted in both animal 

and human studies, where exhaustive or intense exercise has been found to induce the 

elevation either in protein or lipid oxidation [21]. Yasa & Jawi [22] found a sharp increase in 

MDA level after rats were forced to do treadmill exercise. From the previous studies we can 

see that exhaustive exercise enhanced lipid peroxidation that led to oxidative stress, resulting 

in dramatic increase in MDA level due to the rise of oxygen uptake during exercise [23]. The 

exhaustive exercise would cause blood flow to be redistributed, followed by ischaemia 

mechanism that in turn led to a serious reperfusion injury, as it has been shown by other 

previous studies [18]. Exhaustive exercise is also known to generate high level of plasma 

lactate, as an indicator of exercise intensity, which could also be contributed to free radicals 

production [23].  

Although there are some debates regarding the source of free radical during exercise, 

mitochondria have been long considered as the major source of ROS [24]. In the 

mitochondria, the oxygen consumed partially loses one electron, giving rise to the superoxide 

radical (O2•-), which is generated in different rates according to the examined tissue [25]. But 

as the intensity of exercise increased, the production of ROS mainly come from hypoxia 

condition [26]. During hypoxia, adenosine triphosphate (ATP) will decrease due to ATP-

dependent calcium ionic pump impairment and activation of Ca-dependent proteases. This 

activity result in the cleavage of xanthine dehydrogenase to xanthine oxidase (XO). This 

enzyme catalyse a reaction where hypoxanthine were converted to xanthine then to uric acid 

and free radical (O2•-) [18]. It explained why ROS production elevated sharply during 

exhaustive exercise. 



 

 

 

 

Regarding SOD level, we found that exhaustive group had the lowest SOD compared to 

the rest of the groups. The decrease in SOD levels that occurred in EX is caused by an 

imbalance between the amounts of antioxidants in the body and the number of free radicals 

formed due to exhaustive swimming training. This process causes oxidative stress, which is 

indicated by a decrease in SOD levels. The formation of malondialdehyde (MDA) will be 

followed by oxidative damage on the cell membrane, which in turn will lead to more 

progressive damage leading to decreased activity of intracellular enzymes such as Superoxide 

Dismutase (SOD), Glutathione Peroxide (GPx), and Catalase (CAT) [18].  

Decrease of enzyme activity could also be a consequence of elated endogenous free 

radicals and MDA formation, as indicated by several studies. Previous study showed that, in 

response to oxidative stress, SOD enzyme might be consumed to prevent oxidative damage 

since it was shown that the overproduction of ROS exhausts the SOD capacity [27]. Apart 

from reducing enzyme activity, the high number of free radicals cause disturbance in the 

synthesis of antioxidant enzymes such as SOD and GPx. Disruption in enzyme synthesis will 

cause a decrease in the levels of SOD produced, so that the amount of SOD in the body cannot 

counterbalance the damage caused by free radicals that formed as a result of exhaustive 

exercise [28].  

The oxidative stress happened to rats in moderate (M) and exhaustive exercise (EX) 

indicated that swimming training could reduce SOD levels significantly. In addition, the sharp 

decrease in SOD levels in EX indicates that excessive exercise or physical activity does not 

provide a protective effect against free radicals. These results are in accordance with research 

conducted by Li et al [19], where giving excessive physical exercise can reduce the levels of 

SOD in Wistar rats lower than the control or baseline group. 

5   Conclusion 

Our findings indicate that exhaustive exercise gives significantly result in escalating 

malondialdehyde level and reducing the endogenous antioxidant levels, compared with control 

and moderate intensity exercise. Raised level of MDA and declined SOD are the potential risk 

factors for many diseases, so it is advised for people to do exercise in the right intensity and 

duration to maximize the health benefits. Further research is needed elucidate the long-term 

effects and potential mechanisms of high-intensity exercise and redox-mediated health 

adaptations. 
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