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Background & objectives: High-intensity exercise results in oxidative stress in adult population. Impact 
of pubertal attainment on high-intensity exercise-induced oxidative stress in sedentary paediatric 
population has not been investigated in detail. The present study was conducted to investigate the extent 
of high-intensity exercise-induced oxidative stress in sedentary pre- and post-pubertal boys through 
estimation of serum thiobarbituric acid reactive substances (TBARS), total thiol content and activities of 
superoxide dismutase (SOD) and catalase (CAT). 
Methods: Sixty four sedentary pre-pubertal (n=32, age = 10.21±0.67 yr) and post-pubertal 
(n=32, age = 15.58±0.47 yr) boys performed incremental treadmill running exercise at 80 per cent of the 
age predicted maximum heart rate till volitional exhaustion. Blood sample (5 ml) was drawn from each 
individual before and after the exercise for estimation of oxidative stress markers.
Results: Pre-exercise SOD activity and total thiol level showed significant positive relationship with age and 
were significantly higher in post-pubertal boys. Serum TBARS level, SOD and CAT activities increased 
while total thiol content decreased in both the groups following exercise. Post-exercise percentage change 
in TBARS, SOD activity and total thiol level was significantly higher in post-pubertal boys, and these 
variables had significant positive relationship with age. No significant intergroup variations were noted 
in CAT activity before or after exercise.
Interpretation & conclusions: Extent of post-exercise oxidative stress increased significantly with 
attainment of puberty. However, baseline and post-exercise antioxidation status also increased 
significantly as a function of age with pubertal maturation allowing the post-pubertal boys to counter 
relatively higher oxidative stress more efficiently than their pre-pubertal counterparts. Post-exercise 
upregulation in CAT activity might not be influenced by age or pubertal maturation in this age group.
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Quick Response Code:

High-intensity endurance exercise increases oxygen 
demand in working muscle which in turn leads to 
generation of reactive oxygen species (ROS) due to 
leakage of electron from muscle mitochondria1. Such 

exercise-induced oxidative stress is accompanied by a 
parallel increase in activity of enzymatic antioxidants in 
the body2,3. The magnitude of such perturbation in redox 
status depends on intensity, duration and frequency of 
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exercise1,3,4. Chronic exposure to oxidative stress may lead 
to oxidation of protein, lipids and DNA, cardiovascular 
and metabolic disorders2,5, peroxidative muscle damage6, 
reduction in muscle force generation, muscular pain2,4 etc.

Studies on exercise-induced oxidative stress 
response concentrated mostly on the adult individuals. 
The pattern of redox perturbation in children and 
adolescents following exercise is less known. It 
has been indicated that young individuals have less 
efficient antioxidant defence system7, higher energy 
cost of exercise and more dependence on mitochondrial 
metabolism for energy supply8,9 as compared to adults. 
These factors are likely to predispose younger population 
to higher degree of exercise-induced oxidative stress 
than adults. Significant post-exercise increases in 
thiobarbituric acid-reactive substances (TBARS) and 
catalase (CAT) activity has been reported both in 
pre-preubertal10 and post-pubertal boys6 after acute 
high-intensity exercise. It was also reported that running 
exercise led to a decrease in TBARS and superoxide 
dismutase (SOD) activity while reduced glutathione 
(GSH) level and CAT activity remained unchanged 
in adolescent runners11. Paltoglou et al12 examined 
the effect of moderate aerobic exercise on normal and 
obese children belonging to the age group of 10-12 yr 
and indicated that antioxidation mechanisms might 
become more efficient with onset of puberty. However, 
in this study only pre-pubertal and early pubertal boys 
were included and the study focused mostly on the 
comparative analysis of post-exercise oxidative stress 
response with respect to status of obesity and not the 
effect of puberty on exercise-induced oxidative stress12. 
However, influence of puberty on exercise-induced 
oxidative stress can be assessed by comparing such 
response in pre-pubertal boys with those who have 
already attained puberty. Thus, the present study was 
aimed to assess and compare the impact of pubertal 
status (i.e. pre- and post-puberty) on high-intensity 
endurance exercise-induced oxidative stress response 
through estimation of serum TBARS level, total thiol 
content and activities of antioxidant enzymes like SOD 
and CAT in sedentary pre- and post-pubertal boys.

Material & Methods

The study was conducted from August 2016 to 
November 2016 at Sports and Exercise Physiology 
Laboratory, department of Physiology, University of 
Calcutta, Kolkata, India.

The students belonging to two different age groups 
i.e., 9-11 yr and 15-17 yr were selected from six State 

government-aided schools located in Kolkata, Howrah 
and Hooghly districts of West Bengal using simple 
random sampling method. Necessary permission 
was obtained from school authorities for conducting 
the study. The attainment of puberty was assessed 
by Tanner’s staging criterion13. The individuals were 
divided into two groups i.e., pre- (n= 32, 10.21±0.67 yr, 
range 9-11 yr) and post-pubertal (n=32, 15.58±0.47 yr, 
range 15-17 yr) boys based on their pubertal status. 
The pre-pubertal boys were in Tanner’s Stage I 
while the post-pubertal boys belonged to Tanner’s 
Stage III to IV.

For children and adolescents belonging to age 
group of 5-17 yr, any sedentary activity or recreational 
screen time of more than two hours per day including 
sedentary transport, extended sitting time, time 
spent indoors watching television and screen-based 
entertainments, sitting at school and reading was 
considered to be sedentary life style14. The children and 
adolescents of this age group are required to perform 
at least 60 min of moderate-to-vigorous-intensity 
physical activity daily along with regular breaks 
from sedentary behaviour15. The individuals who 
were finally selected for the study spent 8-9 h in 
sedentary pursuits as defined above. Moreover, the 
selected individuals did not perform the minimum 
one hour of moderate-to-vigorous physical activity. 
These individuals did not take part in any physical 
conditioning or training programme and were not 
associated with any professional sport. Individuals 
with history of any major disease(s) or undergoing any 
medication were excluded from the study.

The required sample size for the study was 
calculated by PS: Power and Sample Size Calculation 
software (version 3.1.2, 2014) that uses the approach 
suggested by Dupont and Plummer16. The expected 
mean difference between the pre- and post-exercise 
values (D) as well as the standard deviation (SD) 
of difference in the response of matched pairs (σ) 
for each parameter was ascertained from previous 
studies10,11 as well as from pilot study conducted in 
this laboratory. The power of the study (1-β) was set at 
0.8 and the level of significance was set at 0.05 for the 
purpose of sample size calculation. The highest sample 
size thus calculated was 16 for TBARS. The sample 
size estimates for the other parameters were found 
to be less than the estimates for TBARS. However, 
considering a 40 per cent dropout, 23 individuals were 
to be recruited in the study. Finally, 32 individuals were 
selected in each group.
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Body mass index (BMI) of each individual was 
calculated by dividing the body weight in kilograms 
by the square of body height in metres (kg/m2). The 
individuals did not participate in any physical exercise 
from two weeks prior to the experimental trials. Standard 
balanced diet was given to all the participants from one 
month before the experiment. The age-specific energy 
requirement and composition of balanced diet for the 
paediatric and adolescent individuals was determined 
based on the dietary guidelines issued by National 
Institute of Nutrition, Indian Council of Medical 
Research, India17. Written informed consent was 
obtained from all the individuals and their parents. The 
study was approved by the Human Ethics Committee of 
the department of Physiology, University of Calcutta. 

Familiarization trial: The familiarization trial was 
conducted three weeks before the experimental trial not 
only to familiarize the individuals with the experimental 
protocol but also to select the speed and inclination of 
the treadmill at which the individuals attained their 
80 per cent of age-predicted maximum heart rate (HRmax) 
as calculated from standard equation (220 − age in yr)6. 
Physical examination of the individuals was performed 
by recording their pre-exercise heart rate, blood 
pressure and electrocardiograph. The trial involved a 
progressively incremental treadmill (Viasys, Germany) 
running by increasing the speed (2 km/h) and inclination 
(1%) alternatively after each three minutes until 80 per 
cent of HRmax was reached6.

Experimental trial protocol: Individuals reported at the 
laboratory at 0800 h after an overnight fast of 12 h. They 
were asked to take rest for 30 min on an easy chair. A heart 
rate monitor (Polar Electro Oy, Kempele, Finland) was 
secured on the individual’s chest to monitor the resting, 
exercising and recovery heart rates. The pre-exercise heart 
rate and blood pressure were recorded after the resting 
period. Individuals performed warm-up exercise at a 
speed of 3 km/h at 0 per cent elevation for five minutes 
followed by progressive incremental treadmill running 
with change in speed (by 2 km/h) and elevation (by 1%) 
alternatively after each three minutes to reach the specific 
speed and grade that elicited 80 per cent of HRmax during 
the pre-experimental trial. The individuals continued 
to exercise at that specified speed and inclination until 
onset of fatigue as indicated by volitional exhaustion. No 
individuals reported any injury during the exercise trial.

Blood sample (5 ml) was drawn from antecubital 
vein of each individual before the commencement 
of the exercise trial (T1) and immediately after 

cessation of exercise (T2) for biochemical estimation 
of oxidative stress markers. Blood was collected in 
Vacutainer tubes having no additive and was allowed 
to clot at room temperature for 30 min. The tubes were 
centrifuged for 15 min at 4°C, and the supernatant 
(serum) was collected. Biochemical analyses were 
performed immediately after serum collection. 
The blood collection and handling was done following 
the standard guidelines to avoid the impact of any 
pre-analytic variable on accuracy of the assay18.

Biochemical analysis: The extent of lipid peroxidation 
in serum was assayed by the method of Wright et al19. 
The amount of TBARS in the sample was measured 
spectrophotometrically at 535 nm using ultraviolet 
(UV) spectrophotometer (Bio-Rad Laboratories, 
Berkeley, USA) and was calculated and expressed as 
MDA equivalent using molar extinction coefficient of 
1.56×105/M/cm for MDA. The results were expressed 
as μmol/l.

Serum CAT activity was measured 
following the method of Claiborne20 using H2O2 
(Merck, Darmstadt, Germany) as substrate. The 
decrease in absorbance due to decomposition of H2O2 
was determined spectrophotometrically at 240 nm 
using UV spectrophotometer (Bio-Rad Laboratories) 
at 30 sec interval for two minutes. CAT activity was 
expressed as U/mg of protein [one unit represents the 
amount of protein needed for degradation of 1 μmol 
of H2O2 per minute (i.e., µmol of H2O2 consumed 
or decomposed/min/mg protein)]. Molar extinction 
coefficient for H2O2 was taken as 0.0394/mM/cm. 
Total protein of the serum sample was estimated by the 
method of Lowry et al21.

SOD enzyme activity was assayed by the method 
of Marklund and Marklund22. The rate of inhibition of 
auto-oxidation of pyrogallol by SOD was estimated by 
recording changes in optical density at 420 nm over 
120 sec using UV spectrophotometer. The enzyme 
activity was expressed in terms of units/mg protein in 
which one unit of enzyme activity corresponded to the 
amount of enzyme that inhibited the auto-oxidation 
reaction by 50 per cent.

Reduced serum total thiol (-SH) groups were 
assayed according to the method of Ellman23 as modified 
by Hu24. Absorbance values recorded at 412 nm using 
UV spectrophotometer were used to calculate serum 
total thiols using the molar extinction coefficient 
13,600/M/cm, and values were expressed as μM/l.
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Statistical analysis: Statistical package for social 
sciences (SPSS, v20.0, Chicago, IL, USA) was used 
for the statistical analysis of the data. Normality of the 
data was tested by Shapiro-Wilk test, and the data were 
found to be normally distributed. Paired t tests were 
performed separately in each group to locate significant 
difference between the mean values of TBARS, SOD, 
CAT and total thiol content obtained before and after 
the exercise trial. Independent Sample t tests were 
performed to locate any significant difference in mean 
values of oxidative stress markers between the two 
groups and also to find significant intergroup difference 
in the mean value of percentage change recorded in 
each parameter following exercise. Multiple regression 
analysis was performed to assess the influence of 
different independent variables such as age, BMI and 
heart rate in explaining the proportion of variability 
observed in different oxidative stress parameters. 

Results

 Physical characteristics, BMI, pre-exercise heart 
rate, blood pressure, running time to exhaustion and 
distance covered by individuals during exercise 
trial are presented in Table I. Post-pubertal boys had 
significantly higher BMI (P<0.001), body height 
(P<0.001), body weight (P<0.001), pre-exercise heart 
rate (P<0.05), systolic and diastolic blood pressure 
(P<0.001) as compared to the pre-pubertal group. 
However, the mean running time to exhaustion and 
average distance covered during treadmill running did 
not differ between the groups.

The pre-exercise and the post-exercise values as 
well as percentage change in markers of oxidative 
stress are presented in Table II. Pre-exercise TBARS 
level showed no significant inter-group difference 
(Table II). TBARS level increased significantly in both 
the groups (P<0.001) following treadmill running. The 
post-exercise values of TBARS as well as percentage 
increase following exercise were significantly higher 
in post-pubertal boys (P<0.001) (Table II).

Post-pubertal boys had significantly higher 
pre-exercise serum total thiol (-SH) level (P<0.001) 
compared to pre-pubertal boys (Table II). Serum 
total thiol content reduced significantly in both the 
groups (P<0.001) after high-intensity exercise with 
post-exercise value being significantly lower in 
post-pubertal boys (P<0.001) compared to pre-pubertal. 
The magnitude of percentage decrease in total thiol 
level following exercise was also significantly higher 
in post-pubertal boys (P<0.001) (Table II).
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CAT activity increased significantly in both 
pre-pubertal (P<0.001) and post-pubertal boys 
(P<0.001) from the basal level following exercise. No 
significant differences were noted between the groups 
in pre-exercise and post-exercise values as well as 
percentage increase in CAT activity (Table II). SOD 
activity also increased significantly in both pre-pubertal 
(P<0.001) and post-pubertal boys (P<0.001) following 
exercise. Post-pubertal boys showed significantly 
higher pre- and post-exercise value as well as higher 
post-exercise percentage increase in SOD activity 
(P<0.001) (Table II).

The result of the multiple regression analysis 
suggested that the models assessing impact of age, 
BMI and heart rate on baseline antioxidant status 
showed good level of prediction as indicated by 
higher values of multiple correlation coefficient 
(R) (R=0.738 for baseline total thiol and R=0.694 
for baseline SOD activity). Similarly, the models 
examining the impact of age, BMI and heart rate on 

exercise-induced percentage change in oxidative stress 
parameters also showed good level of prediction as 
evident from higher R values (R=0.731 for TBARS, 
R=0.820 for total thiol and R=0.857 for SOD activity) 
(Table III). The baseline value as well as percentage 
change in total thiol and SOD activity showed higher 
coefficient of determination (R2) indicating that the 
models captured substantial proportion of variability 
explained by the independent variables (Table III). 
Percentage change in TBARS also had higher value of 
R2 (R2=0.534). Significant F ratios for all the parameters 
except for CAT indicated that models were good fit 
for the data (Table III). Age showed significant beta 
coefficient (β) for baseline total thiol level (β=0.745, 
P<0.01), post-exercise percentage change in thiol level 
(β=0.622, P<0.01), percentage increase in TBARS 
(β=0.576, P<0.05), baseline SOD activity (β=0.501, 
P<0.05) and percentage change in SOD activity 
(β=0.449, P<0.05). BMI also showed significant beta 
coefficient with post-exercise percentage increase in 

Table II. Changes in indices of oxidative stress following exercise
Variable Group Before exercise (T1) After exercise (T2) Per cent change (between T1 and T2)
LPO 
(TBARS)

Pre‑pubertal boys 2.03±0.71 3.85±1.30*** 93.50±39.15
Post‑pubertal boys 1.98±0.45 5.89±0.78***,### 208.93±60.80###

Total thiol 
(‑SH)

Pre‑pubertal boys 309.21±34.72 246.64±35.81*** 20.24±8.47
Post‑pubertal boys 367.80±21.45### 215.93±33.87***,### 41.24±9.13###

SOD Pre‑pubertal boys 2.04±0.32 2.80±0.41*** 38.16±12.56
Post‑pubertal boys 2.81±0.51### 4.60±0.71***,### 66.46±28.75###

Catalase Pre‑pubertal boys 0.67±0.16 1.09±0.18*** 66.10±31.49
Post‑pubertal boys 0.71±0.37 1.12±0.55*** 70.77±70.18

Values are expressed as means±SD. ***P<0.01 compared to pre‑exercise value within group; ###P<0.01 compared to pre‑pubertal boys. 
TBARS, thiobarbituric acid reactive substance; LPO, lipid peroxidation; SOD, super oxide dismutase; SD, standard deviation

Table III. Multiple regression of different oxidative stress parameters with age, body mass index (BMI) and heart rate as predictor 
variables

Variables Coefficient (β) R R2 Adjusted 
R2

F ratio
Age BMI HR

Baseline TBARS level −0.014 0.024 −0.063 0.060 0.004 −0.049 0.068
Per cent change in TBARS level 0.576* 0.153 0.023 0.731 0.534 0.509 21.752***

Baseline total thiol level 0.745** 0.017 −0.108 0.738 0.545 0.521 22.729**

Per cent decrease in total thiol level 0.622** 0.226 −0.053 0.820 0.673 0.656 38.424***

Baseline SOD activity 0.501* 0.197 0.011 0.694 0.482 0.454 17.648***

Per cent change in SOD activity 0.449* 0.370* 0.115 0.857 0.734 0.720 52.510***

Baseline catalase activity 0.563 −0.756 −0.090 0.324 0.105 0.054 2.075
Per cent change in catalase activity −0.160 0.059 0.069 0.108 0.012 −0.043 0.211
P*<0.05; **<0.01;***<0.001. TBARS, thiobarbituric acid reactive substance; SOD, superoxide dismutase; HR, heart rate
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SOD activity. Pre-exercise heart rate did not show any 
significant beta value with any of the oxidative stress 
parameter studied. Results also indicated that baseline 
activity as well as percentage change in CAT activity 
had lower R and R2 value, insignificant F ratio and 
did not show significant β coefficient with any of the 
independent variable studied (Table III).

Discussion

The result of the present study indicated that the 
extent of lipid peroxidation increased significantly 
following high-intensity exercise in both pre- and 
post-pubertal boys. This suggested that exercise stress 
led to free radical-induced peroxidation of membrane 
lipids resulting in elevated blood level of TBARS6. 
In contrast to the present study, Tong et al11 reported 
insignificant increase in serum TBARS level following 
21 km run in adolescent runners. They recruited 
trained individuals who performed moderate-intensity 
running exercise at a speed selected by the individuals 
themselves. The extent of lipid peroxidation is 
influenced by the intensity of exercise performed, 
and high-intensity exercise has been shown to induce 
higher degree of lipid peroxidation as compared to low 
and moderate exercise25. Unlike the exercise protocol 
used by Tong et al11, an experimentally controlled 
high-intensity exercise was used in the present study 
which led to significant oxidative stress leading to 
lipid peroxidation among sedentary boys. The level of 
exercise-induced lipid peroxidation was much higher 
in post-pubertal boys in the present study as indicated 
by significantly higher post-exercise elevation in 
TBARS level compared to pre-pubertal group. 
Post-exercise percentage increase in TBARS was >two 
times higher in post-pubertal boys (208.93% increase) 
as compared to their pre-pubertal counterparts (93.50% 
post-exercise elevation). Result of the multiple 
regression analysis suggested that age and BMI 
accounted for majority of the variability in percentage 
increase in TBARS following exercise, and there 
was significant positive relationship of post-exercise 
percentage increase in TBARS with age. Therefore, 
observations like significantly higher post-exercise 
percentage increase in TBARS level among 
post-pubertal boys together with significant linear 
relationship of this variable with age indicated that 
magnitude of exercise-induced lipid peroxidation might 
have increased with advancement of age and physical 
maturity. Growth and maturation during puberty has 
induced an increase in muscle mass with proliferation 
of mitochondria26, and hence, the post-pubertal boys are 

likely to have higher relative number and proportion of 
mitochondria in muscle fibres due to increase in muscle 
mass during puberty. Greater oxygen demand during 
exercise by substantially higher muscle mass coupled 
with higher mitochondrial respiration in post-pubertal 
boys might have resulted in higher ROS generation 
and consequent lipid peroxidation. However, further 
studies are needed to confirm this finding.

It was also evident that the pre-exercise serum total 
thiol content was significantly higher in post-pubertal 
boys than the pre-pubertal boys. The baseline total thiol 
level in serum showed significant positive relationship 
with age. This indicated that the systemic antioxidation 
status improved with attainment of puberty and 
maturation. Total thiol content of serum decreased 
significantly in both the groups following exercise 
with post-exercise level being significantly lower in 
post-pubertal boys. Data on impact of exercise on serum 
total thiol content for this age group are not available in 
the literature. Previous studies investigated the effect 
of exercise on GSH level, and indicated that GSH 
level declined in both pre-10,27 and post-pubertal boys 
following exercise28. Significant positive relationship of 
age with post-exercise percentage decrease in total thiol 
level indicated that the magnitude of exercise-induced 
oxidation of serum thiol increased as a function of age. 
This suggested that post-pubertal boys encountered 
increased generation of ROS following exercise 
which was neutralized by the thiol resulting in lower 
post-exercise value and higher percentage decrease as 
compared to the pre-pubertal boys. This finding was 
in agreement with significantly higher TBARS level in 
post-pubertal boys. The data suggested that attainment 
of puberty not only upregulated the antioxidation 
status but also endowed the post-pubertal boys with 
the ability to counter higher exercise-induced oxidative 
stress as compared to the pre-pubertal boys.

CAT activity increased significantly in both the 
groups following exercise suggesting that the exercise 
stress upregulated the activity of this antioxidant 
enzyme that countered the hydrogen peroxides 
produced during high-intensity exercise. Our finding 
was in agreement with the previous studies which 
suggested that CAT activity was responsive to exercise 
stress and increased significantly in both pre- and 
post-pubertal boys6,10,12. However, no significant 
differences were noted between the groups in terms 
of pre- and post-exercise values as well as percentage 
increase in CAT activity following exercise. The 
results of multiple regression analysis indicated that 
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predictors of physical maturation such as age and BMI 
did not significantly explain the variability of baseline 
as well as exercise-induced percentage change in CAT 
activity. These findings indicated that both pre- and 
post-pubertal boys responded almost similarly in terms 
of elevation in CAT activity when challenged with 
high-intensity exercise, and pubertal transition might 
not have any significant influence on the baseline as 
well as exercise-induced upregulation in CAT activity.

Baseline activity of SOD was also found to 
be significantly higher in post-pubertal boys, and 
it showed significant positive relationship with 
age. These findings suggested that attainment of 
puberty upregulated the expression of this enzyme 
in post-pubertal boys. Exercise stress increased the 
activity of serum SOD in both the groups. Majority of 
the SOD activity in vasculature and plasma is accounted 
by the copper/zinc-containing extracellular SOD 
(ecSOD) which is responsible for combating vascular 
oxidative stress29. The expression of ecSOD from 
vascular muscle is increased by exercise stress, and this 
increase in ecSOD expression in response to exercise 
stress in both the groups represented an important 
physiological adaptation that counterbalanced the 
increase in vascular superoxide production following 
exercise30. The post-exercise percentage increase in 
SOD activity had significant positive relationship 
with age and BMI suggesting that exercise-induced 
SOD response increased linearly with increase in 
age and physical maturation. Therefore, it may be 
argued that attainment of puberty might improve the 
SOD-mediated antioxidant response to exercise and 
such response increased as a function of age. 

The present study had certain limitations as it 
examined one specific aspect of exercise-induced 
oxidative stress namely lipid peroxidation which 
reflected the extent of peroxidation of biological 
membranes in response to high-intensity exercise. 
Evaluation of exercise-induced oxidation of other 
biomolecules such as protein and DNA as well as 
post-exercise response of other antioxidant markers 
such as GSH peroxidase and total antioxidant capacity 
were not studied. Adult age groups were not considered 
in the present study. 

In conclusion, the present investigation suggested 
that high-intensity incremental running exercise 
resulted in significant oxidative stress among both 
pre- and post-pubertal sedentary boys. However, 
post-pubertal boys might be more susceptible to 
exercise-induced lipid peroxidation as compared to 

their pre-pubertal counterparts in response to similar 
exercise stress. The baseline antioxidant status as 
measured by resting SOD activity and total thiol 
content also appeared to improve significantly with 
attainment of puberty. Pubertal maturation also 
endowed the post-pubertal boys with superior ability 
to counter higher post-exercise oxidative stress as 
evident from significantly higher upregulation in 
post-exercise serum SOD activity and higher relative 
reduction in total thiol content as compared to pre-
pubertal boys. Therefore, performance of any such 
high intensity exercise or training at this age should be 
accompanied by adequate recovery time and dietary 
antioxidant supplementation to avoid any deleterious 
effect of oxidative stress on health. Since pre-pubertal 
children are likely to have lower baseline antioxidant 
level, special care must be taken while engaging this 
age group in professional sports demanding novel 
acute high-intensity exercise.

Financial support & sponsorship: None.

Conflicts of Interest: None.

References
1.	 Michailidis Y, Karagounis LG, Terzis G, Jamurtas AZ, 

Spengos K, Tsoukas D, et al. Thiol-based antioxidant 
supplementation alters human skeletal muscle signaling 
and attenuates its inflammatory response and recovery after 
intense eccentric exercise. Am J Clin Nutr 2013; 98 : 233-45.

2.	 Finaud J, Lac G, Filaire E. Oxidative stress: Relationship with 
exercise and training. Sports Med 2006; 36 : 327-58.

3.	 Mohr M, Draganidis D, Chatzinikolaou A, Barbero-Álvarez JC, 
Castagna C, Douroudos I, et al. Muscle damage, inflammatory, 
immune and performance responses to three football games 
in 1 week in competitive male players. Eur J Appl Physiol 
2016; 116 : 179-93.

4.	 König D, Wagner KH, Elmadfa I, Berg A. Exercise and 
oxidative stress: Significance of antioxidants with reference to 
inflammatory, muscular, and systemic stress. Exerc Immunol 
Rev 2001; 7 : 108-33.

5.	 Carlsohn A, Rohn S, Mayer F, Schweigert FJ. Physical activity, 
antioxidant status, and protein modification in adolescent 
athletes. Med Sci Sports Exerc 2010; 42 : 1131-9.

6.	 Pal S, Chaki B, Chattopadhyay S, Bandyopadhyay A. 
High-intensity exercise induced oxidative stress and skeletal 
muscle damage in postpubertal boys and girls: A comparative 
study. J Strength Cond Res 2018; 32 : 1045-52.

7.	 Miles MV, Horn PS, Tang PH, Morrison JA, Miles L, 
DeGrauw T, et al. Age-related changes in plasma coenzyme 
Q10 concentrations and redox state in apparently healthy 
children and adults. Clin Chim Acta 2004; 347 : 139-44.

8.	 Cooper DM, Nemet D, Galassetti P. Exercise, stress, and 
inflammation in the growing child: From the bench to the 
playground. Curr Opin Pediatr 2004; 16 : 286-92.



174 	 INDIAN J MED RES, AUGUST 2019

9.	 Gougoura S, Nikolaidis MG, Kostaropoulos IA, 
Jamurtas AZ, Koukoulis G, Kouretas D. Increased oxidative 
stress indices in the blood of child swimmers. Eur J Appl 
Physiol 2007; 100 : 235-9.

10.	 Nikolaidis MG, Kyparos A, Hadziioannou M, Panou N, 
Samaras L, Jamurtas AZ, et al. Acute exercise markedly 
increases blood oxidative stress in boys and girls. Appl Physiol 
Nutr Metab 2007; 32 : 197-205.

11.	 Tong TK, Kong Z, Lin H, Lippi G, Zhang H, Nie J. Serum 
oxidant and antioxidant status following an all-out 21-km run 
in adolescent runners undergoing professional training – A 
one-year prospective trial. Int J Mol Sci 2013; 14 : 15167-78.

12.	 Paltoglou G, Fatouros IG, Valsamakis G, Schoina M, 
Avloniti A, Chatzinikolaou A, et al. Antioxidation improves 
in puberty in normal weight and obese boys, in positive 
association with exercise-stimulated growth hormone 
secretion. Pediatr Res 2015; 78 : 158-64.

13.	 Tanner JM. Growth at adolescence. Oxford: Blackwell; 1962.
14.	 Tremblay MS, Leblanc AG, Janssen I, Kho ME, Hicks A, 

Murumets K, et al. Canadian sedentary behaviour guidelines for 
children and youth. Appl Physiol Nutr Metab 2011; 36 : 59-64.

15.	 World Health Organization. Global recommendations on 
physical activity for health. Geneva: WHO; 2010.

16.	 Dupont WD, Plummer WD Jr. Power and sample size 
calculations. A review and computer program. Control Clin 
Trials 1990; 11 : 116-28.

17.	 ICMR-National Institute of Nutrition. Dietary guidelines for 
Indians – A manual. Hyderabad: NIN; 2011.

18.	 Guder WG, Narayanan S, Wisser H, Zawta B. Samples from 
the patient to the laboratory. The impact of preanalytical 
variables on the quality of laboratory results. 3rd ed. 
Darmstadt: GIT Verlag; 1996.

19.	 Wright JR, Colby HD, Miles PR. Cytosolic factors which 
affect microsomal lipid peroxidation in lung and liver. Arch 
Biochem Biophys 1981; 206 : 296-304.

20.	 Claiborne A. Catalase activity. In: Greenwald RA, editor. CRC 
handbook of methods for oxygen radical research. Florida: 
CRC Press; 1985. p. 283-4.

21.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the folin phenol reagent. J Biol Chem 1951; 
193 : 265-75.

22.	 Marklund S, Marklund G. Involvement of the superoxide 
anion radical in the autoxidation of pyrogallol and a 
convenient assay for superoxide dismutase. Eur J Biochem 
1974; 47 : 469-74.

23.	 Ellman GL. Measurement of total thiols in plasma. Arch 
Biochem Biophys 1959; 82 : 70.

24.	 Hu ML. Measurement of protein thiol groups and glutathione 
in plasma. Methods Enzymol 1994; 233 : 380-5.

25.	 Lovlin R, Cottle W, Pyke I, Kavanagh M, Belcastro AN. Are 
indices of free radical damage related to exercise intensity. 
Eur J Appl Physiol Occup Physiol 1987; 56 : 313-6.

26.	 Boisseau N, Delamarche P. Metabolic and hormonal 
responses to exercise in children and adolescents. Sports Med 
2000; 30 : 405-22.

27.	 Benitez-Sillero Jde D, Perez-Navero JL, Tasset I, 
Guillen-Del Castillo M, Gil-Campos M, Tunez I. Influence 
of intense exercise on saliva glutathione in prepubescent and 
pubescent boys. Eur J Appl Physiol 2009; 106 : 181-6.

28.	 Kabasakalis A, Tsalis G, Zafrana E, Loupos D, Mougios V. 
Effects of endurance and high-intensity swimming exercise 
on the redox status of adolescent male and female swimmers. 
J Sports Sci 2014; 32 : 747-56.

29.	 Strålin P, Karlsson K, Johansson BO, Marklund SL. The 
interstitium of the human arterial wall contains very large 
amounts of extracellular superoxide dismutase. Arterioscler 
Thromb Vasc Biol 1995; 15 : 2032-6.

30.	 Fukai T, Siegfried MR, Ushio-Fukai M, Cheng Y, 
Kojda G, Harrison DG. Regulation of the vascular extracellular 
superoxide dismutase by nitric oxide and exercise training. 
J Clin Invest 2000; 105 : 1631-9.

For correspondence: �Dr Amit Bandyopadhyay, Sports & Exercise Physiology Laboratory, Department of Physiology,  
University of Calcutta, University Colleges of Science & Technology, 92, A.P.C. Road,  
Kolkata 700 009, West Bengal, India 
e-mail: bamit74@yahoo.co.in


