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ABSTRACT
Stress oxidative is recognized to be associated with metabolic syndrome and chronic diseases. To determine
whether endurance exercise affects total antioxidant capacity in obesity. Twenty two inactive obese men were
recruited through an advertisement in a local newspaper in this study and assigned to exercise (n=12) or control
(n=12) groups matched for age (35-48 years) and body mass index (30-36 kg/m2). Anthropometrical markers and
total antioxidant capacity were measured before and after 10 weeks endurance exercise for 3 times per weeks in
exercise groups and control subjects (no training). Pre and post training variables were compared by statistical
methods. Despite the signigcant decrease in body fat percentage and other anthropometrical markers (p < 0.01),
Total antioxidant capacity was unchanged after 10 weeks of exercise intervention (p = 0.623). The unchanged total
antioxidant capacity in our study may be rooted in lack of control diet during training program.
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INTRODUCTION
The enzymatic and non-enzymatic antioxidants are activated to remove toxins and regulate oxidants in both internal
and external cellular target environments. The very immune system of the body is set up such that it decreases the
oxidative damages occurred during the increase of oxidants or free radicals. In other words, antioxidants protect the
cells of body against oxidative damages during periods of increased production of oxidants (Powers et al., 2008;
Powers et al., 2000). Several factors contribute to creation of oxidative stress and reduced antioxidant capacities. In this
context, some studies have reported increased oxidative stress and decreased capacity of antioxidant system in patients
with cardiovascular diseases (Amirkhizi et al., 2012). However, extensive studies have identified obesity as one of the
initial risk factors of the prevalence of cardiovascular diseases, hypertension, metabolic syndrome and type 2 diabetes
(Poirier, 2007).
The Stats are indicative of increased prevalence of obesity in Iran (Azizi et al., 2005). On the other hand, their major
role in lipid peroxidation always plays an important role in the pathophysiology of cardiovascular diseases and diabetes
that are among the consequences of obesity (Witztum, 1994). Today, determination and recognition of antioxidant
properties along with inflammatory agents has been identified as an appropriate tool for diagnosis and treatment of
many chronic diseases. However, it is still not fully understood that under the different conditions that increase the
oxidants and free radicals or result in oxidative stress, to what extent does the anti-oxidant defense system contribute to
the process? Increased oxidative stress and decreased total antioxidant capacity have been reported in fat individuals
(Vincent et al., 1999; Olusi, 2002). Hence, creation of appropriate strategies to reduce oxidative stress and to increase
total antioxidant capacity have been the focus of researchers in health sciences.
Among non-pharmacologic solutions and interventions, today exercise and physical activity play an important role as a
non-drug therapy in reducing the severity of many chronic and metabolic diseases. The beneficial role of relatively
long-term exercise training with anti-inflammatory and antioxidant properties in healthy and patient populations has
been discussed many times (Naghizadeh et al., 2010; Onur et al., 2011; de Salles et al., 2010). Although some studies
have referred to exercise training for the lack of response to the biochemical variables (Dekker et al., 2007; Hersoug et
al., 2007), there are limited studies about the effects of exercise-induced weight loss on total antioxidant capacity or
other factors affecting the oxidative stress. Hence, the present study was aimed to determine the effect of aerobic
trainings on total antioxidant capacity levels in fat individuals.
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MATERIALS AND METHODS
Participants were twenty two inactive obese men that recruited through an advertisement in a local newspaper in this
study and assigned to exercise (n=12) or control (n=12) groups matched for age (35-48 years) and body mass index
(30-36 kg/m2). The study protocol was approved by ethics committee of Islamic Azad University, Iran. After the nature
of the study was explained in detail, informed consent was obtained from all participants. A medical history to retrieve
information about health status, current medications and a physical examination including height, weight, and waist
circumference was performed of all participants
Inclusion and exclusion
Inclusion criteria for the test group were: healthy, middle age, obesity (BMI ≥ 30).. Neither the control or diabetic
subjects had participated in regular exercise for the preceding 6 months, nor did all subjects have stable body weight.
All subjects were non-smokers. The exclusion criteria were hepatic disorders, use of alcohol and a chronic disease such
as diabetes, respiratory, kidney diseases or cancer.
Anthropometry
Anthropometric measurements (body height and weight, waist and hip circumference) were performed with the
subjects wearing light underwear and without shoes. Subjects wore light clothing and removed all metal items which
could interrupt the electronic current during the measurement. Body weight and height were measured with a standard
physician’s scale when subjects were in a fasting state before the resting metabolism session. BMI was calculated as
weight in kilograms divided by the square of height in meters (kg/m2). Abdominal circumference and hip
circumference were measured in the most condensed part using a non-elastic cloth meter. All anthropometrical markers
were measured before and after exercise intervention of two groups.
Blood analysis and protocol
Blood samples were obtained before and after exercise intervention after an overnight fast between 8.00 and 9.00 am.
Blood used to measure total antioxidant capacity by FRAP. Endurance exercise intervention was performed for 10
weeks involved 3 sessions per week. Each session involved warm up, main exercise and cool up. Main exercise of each
session consisted of running without slope or cycle ergometry for 30-45 min at an intensity range between 55-75 % of
Max heart rate. Participants wore heart rate monitors to ensure that they were reaching target heart rate levels. After the
last session bout, subjects rested for 48 h before blood sampling for posttest.
Statistic
Data were analyzed by computer using the Statistical Package for Social Sciences (SPSS) for Windows, version 15.0.
The Kolmogorov-Smirnov test was applied to determine the variables with normal distribution. Differences between
groups were calculated using the independent samples t-test. Pre- and post-training of variables were compared using a
paired-samples t-test. The relation between total antioxidant capacities with anthropometrical markers were assessed by
Pearson’s correlation coefficients. A P value of less than 0.05 was considered statistically significant.
RESULTS
We previous mentioned that the current study was performed to assess effects of 10 weeks endurance training on total
antioxidant capacity in obese men. According to data of independent T test and what shows table 1, we can see no
significant differences in anthropometrical markers between two groups at baseline (p ≥ 0.05). No significant difference
in total antioxidant capacity was also found between two groups at baseline (p ≥ 0.05).
Based on data from paired T test, aerobic training program resulted in significant decrease in body fat percentage in
exercise group when compared with its value in pretest (p < 0.001, Fig 1). We also observed that other
anthropometrical makers such as body weight, BMI and abdominal circumference decreased significantly by aerobic
intervention (p < 0.05). In contrast, total antioxidant capacity did not change by aerobic intervention compared to
pretest (p = 0.623, Fig 2). All variables remained without change in control groups (p ≥ 0.05). Total antioxidant
capacity was not correlated with all anthropometrical markers after training program in exercise group (p ≥ 0.05).
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Table 1: Mean and standard deviation of anthropometric characteristics and serum IL-6 of
studied groups at baseline.
Variables
Training group
Control group
Age (year)
35.6 ± 2.84
35.8 ± 1.49
Weight (kg)
102 ± 3.9
101 ± 12.2
Height (cm)
175 ± 3.9
176 ± 2.8
Body Fat (%)
33.1 ± 3.7
32.1 ± 2.46
Body mass index (kg/m2)
33.2 ± 3.4
32.8 ± 3.29
Abdominal circumference (cm)
107 ± 11.2
106 ± 10.7
Hip Circumference (cm)
106 ± 10
104 ± 9.9
0.395 ± 0.054
0.385 ± 0.044
Total antioxidant capacity
(mmol/L)

TAC (mmol/L)

Table 1: Mean and standard deviation of anthropometric characteristics and serum IL-6 of
studied groups after intervention.
Variables
Training group
Control group
Age (year)
35.6 ± 2.84
35.8 ± 1.49
Weight (kg)
97 ± 13.4
102 ± 12
Height (cm)
175 ± 3.9
176 ± 2.8
Body Fat (%)
29 ± 2.39
32.1 ± 2.73
Body mass index (kg/m2)
31.5 ± 3.31
32.9 ± 3.25
Abdominal circumference (cm)
100 ± 10.8
106 ± 10.7
Hip Circumference (cm)
100 ± 0.03
104 ± 9.9
0.388 ± 0.05
0.392 – 0.059
Total antioxidant capacity
(mmol/L)

Fig 1: Pre and post training of Total antioxidant capacity:
Lack significant change by exercise intervention.

Volume-3 Issue-2 (2014)

ISSN: 2319–4731 (p); 2319–5037 (e)

© 2014 DAMA International. All rights reserved.

63

Body fat (%)

www.sciencejournal.in

Fig 2: Pre and post training of body fat (%) of two groups.
Aerobic training resulted in a significant decrease in this variable.
DISCUSSION
The relationship between obesity and increased body fats and oxidative stress and reduced antioxidant capacity has
been propounded. Hence, it is thought that weight loss and reduced body fats in fat individuals is associated with
improvements in total antioxidant capacity as the resultant of all antioxidants of the body. But the findings of this study
showed that although three months of aerobic exercise was associated with weight loss in fat men, it did not affect the
total antioxidant capacity. In other words, the weight loss or reduction of body fat levels did not change the total
antioxidant capacity in studied obese men in response to exercises program. However, some recent studies have
supported the significant increase of total antioxidant capacity after similar training programs in fat people (Tofighi et
al., 2010).
The antioxidant molecules have both enzymatic and non-enzymatic sources and the total antioxidant capacity is a
resultant of all the antioxidants of the body (Serafini et al., 2004). Theory of association of obesity with increased
oxidative stress and decreased antioxidant capacities is previously reported by other studies (Furukawa et al., 2004;
Keaney et al., 2003; Ozata et al., 2002). Also in the present study, a significant inverse correlation was observed
between total antioxidant capacity, body fats and body mass index in fat men. In fat people, due to increased fat
accumulation in adipose tissue and blood, the lipids are targeted by free radicals (Furukawa et al., 2004). Studies have
shown that the body's antioxidant levels such as beta-carotene and vitamins E and C in blood circulation are decreased
compared to the people with normal weights (Kuno et al., 1998; Ohrvall et al., 1993). On the other hand, increased
oxidative stress condition in fat individuals may be due to the more consumption of oxygen in the heart muscle and
other active organs, the outcome of which is the generation of superoxide or hydrogen peroxide in the mitochondrial
respiratory chain (Kukraja et al., 1992). In this context, the studies of animal species have shown that the removal of
electrons from the electron transport chain in mitochondria leads to reduction of oxygen molecules into superoxide
radicals. Regardless of the discussed mechanisms, decreased activity of antioxidant enzymes such as glutathione
peroxidase or superoxide dismutase also play a special role in increased oxidative stress in fat individuals (Olusi, 2002;
Ozata et al., 2002).
Scientific studies have shown that after exercise training, the oxidative stress in fat people increases more than people
with normal weight (Vincent et al., 2004). These studies support the increased oxidative stress following short-term
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exercise activities, particularly, high intensity exercise. Although exercise activities are associated with increased free
radicals or oxidants, but under these conditions, the antioxidant system comes into play with the same intensity. In
other words, the antioxidant capacity of the mammalian organ systems is compatible with oxygen consumption and
production of free radicals. Therefore, those tissues with the highest rate of oxygen consumption under different
circumstances also have the highest antioxidant capacity. The same issue also applies to the skeletal muscles, somehow.
So that the skeletal muscles with the highest antioxidant capacity has a higher oxidative capacity than the muscles with
low oxidative capacity (Powers et al., 2000).
The unchanged total antioxidant capacity following the weight loss induced by exercise program was observed in fat
people when the exercise program was accompanied by significant reduction in body weight and body fats. On the
other hand, in confirmation of previous studies (Keaney et al., 2003; Ozata et al., 2002), there was a significant and
inverse relationship between total antioxidant capacity and abdominal environment and body fat percentage in pretraining conditions that reflects the effective role of obesity on total antioxidant capacity. Hence, the lack of
improvement of this antioxidant index following training program may be attributed to some effective non-controlled
factors. The unchanged total antioxidant capacity in our study may be rooted in individual's diet during training
program, because this study was merely aimed at investigating the effect of exercise program on total antioxidant
capacity in the absence of dietary control.
REFERENCES
Amirkhizi F., Syasi F., Hamedi Shahraki S. and Jalali M. (2012). Valuation of Oxidative Stress and Total
Antioxidant Capacity in Women with General and Abdominal Adiposity. Medical Journal of Mashhad University of
Medical Sci. 55(3): 170-177.
Azizi F., Azadbakht L. and Mirmiran P. (2005). Trends in overweight, obesity and central fat accumulation among
Tehranian adults between 1998-1999 and 2001-2002: Tehran Lipid and Glucose Study. Ann. Nutr. Metab. 49: 3-8.
de Salles BF., Simão R., Fleck SJ., Dias I., Kraemer-Aguiar LG. and Bouskela E. (2010). Effects of resistance
training on cytokines. Int. J. Sports Med. 31(7): 441-50.
Dekker M.J., Lee S., Hudson R., Kilpatrick K., Graham T.E., Ross R. and Robinson L.E. (2007). An exercise
intervention without weight loss decreases circulating interleukin-6 in lean and obese men with and without type 2
diabetes mellitus. Metabolism. 56(3): 332-8.
Furukawa S., Fujita T. and Shimabukuro M. (2004). Increased oxidative stress in obesity and its impact on
metabolic syndrome. J. Clin. Invest. 114: 1752-61.
Furukawa S., Fujita T., Shimbukuro M., Iwaki M., Yamada Y. and Nakajima Y. (2004). Increased oxidative
stress in obesity and its impact on metabolic syndrome. J. Clin. Invest. 114: 1752-1761.
Hersoug LG. and Linneberg A. (2007). The link between the epidemics of obesity and allergic diseases: does obesity
induce decreased immune tolerance? Allergy. 62(10): 1205-13.
Keaney J.F., Larson M.G., Vasan RS., Wilson P.W., Lipinska I. and Corey D. (2003). Obesity and systemic
oxidative stress. Clinical correlates of oxidative stress in the Framingham Study. Arterioscler Thromb. Vasc. Biol. 23;
434-439.
Kukraja RC. and Hess ML. (1992). The oxygen free radical system: from equations through membrane-protein
interactions to cardiovascular injury and protection. Cardiovasc. Res. 26: 641-655.
Kuno T., Hozumi M., Morinobu T., Murata T., Mingci Z. and Tamai H. (1998). Antioxidant vitamin levels in
plasma and low density lipoprotein of obese girls. Free Radic. Biol. Med. 28: 81- 6.
Naghizadeh H., Banparvari M. and Salehikia A. (2010). Effect of one course exercise with consumption vitamin E
on antioxidant status and cardiovascular risk factors. Zahedan Journal of Research in Medical Sciences. 12(1): 33-38.
Ohrvall M., Tengblad S. and Vessby B. (1993). Lower tocopherol serum levels in subjects with abdominal adiposity.
J. Intern. Med. 234: 53-60.
Olusi SO. (2002). Obesity is an independent risk factor for plasma lipid peroxidation and depletion of erythrocyte
cytoprotectic enzymes in humans. Int. J. Obes. Relat. Metab. Disord. 26:1159-1164.
Onur E., Kabaroğlu C., Günay O., Var A., Yilmaz O., Dündar P., Tikiz C., Güvenç Y. and Yüksel H. (2011).
The beneficial effects of physical exercise on antioxidant status in asthmatic children. Allergol. Immunopathol. (Madr).
39(2): 90-5.
Volume-3 Issue-2 (2014)

ISSN: 2319–4731 (p); 2319–5037 (e)

© 2014 DAMA International. All rights reserved.

65

www.sciencejournal.in
Ozata M., Mergen M., Oktenli C., Aydin A., Sanisoglu Y. and Bolu E. (2002). Increased oxidative stress and
hypozincemia in male obesity. Clin. Biochem. 35: 627-631.
Poirier P. (2007). Adiposity and cardiovascular disease: are we using the right definition of obesity? Eur. Heart J..28:
2047-2048.
Powers S.K. and Jackson M.J. (2008). Exercise-induced oxidative stress: cellular mechanisms and impact on muscle
force production. Physiol. Rev. 88(4): 1243-76.
Powers S.K. and Sen C.K. (2000). Physiological antioxidants and exercise training. Handbook of oxidant and
antioxidants in exercise. Amesterdam: Elsevier Sci. 3: 221-243.
Serafini M. and Del Rio D. (2004). Understanding the association between dietary antioxidants, redox status and
disease: is the Total Antioxidant Capacity the right tool? Redox Rep. 9: 145-152.
Tofighi A., Zolfaghari M., Najafi Eliasabad S. and Assemi A. (2010). Effect of acute acute aerobic training
acco,pained by vitamin C+E supplementation on plasma inflammentary and oxidative stress biomarker in sedentary
obese women. Urmia Medical J. 21 (3): 228-236
Vincent H.K., Morgan J.W. and Vincent K.R. (2004). Obesity exacerbates oxidative stress levels after acute
exercise. Med Sci Sports Exerc. 36: 772-9.
Vincent H.K., Powers SK., Stewart D.J., Shanely R.A., Demirel H. and Nalto H. (1999). Obesity is associated with
increased myocardial oxidative stress. Int. J. Obes. Relat. Metab. Disord. 23: 67-74.
Witztum J.L. (1994). The oxidation hypothesis of atherosclerosis. Lancet. 344: 793-795.

Volume-3 Issue-2 (2014)

ISSN: 2319–4731 (p); 2319–5037 (e)

© 2014 DAMA International. All rights reserved.

66

