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Abstract 

The generation of reactive oxygen species (ROS) is a perpetual biological process in eukaryotic cells. Oxidative stress has been 

defined as an imbalance between oxidants/antioxidants, prompting damage and death. An increase in macromolecule oxidation 

has been demonstrated after both aerobic and anaerobic exercise of sufficient intensity. The generation of reactive oxygen and 

nitrogen species (RONS) such as singlet oxygen, superoxide radical, hydroxyl radical, and peroxynitrite occurs as a consequence 

of normal cellular metabolism and is increased under conditions of physical stress such as prolonged exercise. There is some 

evidence that resistance exercise can also induce oxidative stress and generation of free radicals akin to those observed during 

prolonged aerobic and anaerobic exercise. 
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1. Introduction 

Define of oxidative stress 

The generation of reactive oxygen species (ROS) is a 

perpetual biological process in eukaryotic cells. Oxidative 

stress has been defined as an imbalance between 

oxidants/antioxidants, prompting damage and death 

(Halliwell and Gutteridge, 1989; Sies, 1991; Kirschvink et al., 

2008) [15, 34, 22]. Organisms are constantly exposed to 

exogenous and endogenous ROS and reactive nitrogen 

species (RNS) such as nitric oxide and superoxide anions 

(Moslen, 1994; Niviere and Fontecave, 1995; Kowaltowski 

and Verseci, 1999; Kirschvink et al., 2008) [27, 28, 24, 23]. To 

block the injurious effects of ROS and RNS, organisms have 

evolved different antioxidative systems (enzymatic and non-

enzymatic) (Cheeseman and Slater, 1993; Kirschvink et al., 

2008) [7, 22]. 

 

Reactive oxygen and nitrogen species (RONS) 

An increase in macromolecule oxidation has been 

demonstrated after both aerobic and anaerobic exercise of 

sufficient intensity (Bloomer et al., 2006) [4]. The generation 

of reactive oxygen and nitrogen species (RONS) such as 

singlet oxygen, superoxide radical, hydroxyl radical, and 

peroxynitrite occurs as a consequence of normal cellular 

metabolism and is increased under conditions of physical 

stress such as prolonged exercise (Sen, Packer, & Hanninen, 

1994) [37]. In anaerobic exercise, however, other pathways of 

RONS generation exist (Bloomer & Goldfarb, 2004) [3] 

including ischemia reperfusion, xanthine and nicotinamide 

adenine dinucleotide phosphate oxidase production, 

prostanoid metabolism, phagocytic respiratory-burst activity, 

disruption of iron-containing proteins, and altered calcium 

homeostasis (Bloomer et al., 2006) [4]. The production of 

RONS via these pathways may result partly from eccentric 

muscle action, which causes muscle microtrauma and 

subsequent inflammation (McHugh et al., 1999) [25]. 

 

 

 

The relationship between resistance exercise and oxidative 

stress 

There is some evidence that resistance exercise can also 

induce oxidative stress and generation of free radicals akin to 

those observed during prolonged aerobic and anaerobic 

exercise (Goldfarb et al., 2008; Hudson et al., 2008; Ramel, 

Wagner, & Elmadfa, 2004) [13, 16, 32]. For example, 

erythrocytes are subject to mechanical and oxidative stress 

during strenuous contractile work (Moore, Gioioso, Sills, & 

Mendelson, 1999) [26]; it has been shown that reactive oxygen 

species are released into the circulation by immune, 

endothelial, and muscle cells (Radak, Chung, & Goto, 2008; 

Valko et al., 2007) [31, 35] and impair normal erythrocyte 

function through lipid-membrane peroxidation. 

 

Redox homeostasis 

Exercise is associated with increases in both ATP 

requirements and aerobic and/or anaerobic metabolism, which 

result in higher levels of ROS and RNS (Davis et al., 1982; 

Jackson et al., 1985; Viguie et al., 1993; Inoue et al., 1993; 

Sen, 1995; Nojima et al., 2008) [10, 19, 38, 39, 40, 41]. Thus, when 

exercise is strenuous it causes oxidative stress and cell 

damage, but when done in moderation, it increases the 

expression of antioxidant enzymes (Gomez-Cabrera et al., 

2008) [48]. The preventive effect of regular exercise is, at least 

partly, due to oxidative stress-induced adaptation. This 

response is systemic and includes enhancement of antioxidant 

systems and the reduction of oxidative damage due to 

changes in redox homeostasis (Radak et al., 2008) [31]. On the 

other hand, although training increases the antioxidant 

defence system of the organism, prolonged periods of training 

may cause disturbances in the oxidant/antioxidant equilibrium 

(Avellini et al., 1995; De Moffarts et al., 2005; Kirschvink et 

al., 2008) [22, 42, 43]. 

 

Skeletal muscle 

Skeletal muscle is a highly specialized tissue with excellent 

plasticity in response to external stimuli such as exercise and 

training. The repetitive muscle contractions conducted during 

endurance training lead to a variety of phenotypic and 
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physiological responses. These responses include activation 

of mitochondrial biogenesis, fiber type transformation and 

angiogenesis. Together, they increase the muscle’s capacity 

of aerobic metabolism and its resistance to fatigue. High 

muscle activity also involves a strong increase in reactive 

oxygen species (ROS) production. These unstable molecules 

and ions contain oxygen and are extremely reactive due to an 

unpaired electron. Among these oxygen intermediates are the 

free radicals superoxide, peroxide and the hydroxyl radicals 

and other highly reactive oxidants, such as singlet oxygen and 

hypochlorous acid. They promote oxidation reactions with 

other molecules, such as proteins, lipids and DNA and can 

thus be highly detrimental. However, recent research has 

demonstrated that ROS also have a beneficial role in 

promoting the adaptive responses of muscle to training 

(Dillard et al., 1978) [11]. 

 

Sources of ROS in Muscle 

It has consistently been shown that muscle activity leads to a 

strong increase in ROS production (Powers et al., 2008) [30]. 

However, there is a large debate about the sources and the 

extent of ROS that these sources produce. Several potential 

producers of ROS have been identified in muscle cells which 

are likely to be activated by different stimuli. Among these 

are mitochondria, nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidases (NOXs), phospholipase A2 

(PLA2), xanthine oxidase (XO) and lipoxygenases. Some of 

these are discussed in more detail below. In addition to these 

intracellular sources, ROS has been shown to be produced 

from non-muscle sources. Strenuous exercise can elicit 

muscle injuries, which then lead to the activation of the 

neutrophils and macrophages via interferon (IFN), interleukin 

(IL) and tumor necrosis factor (TNF) (for more detailed 

information see reviews (Peake et al., 2004) [29]. 

 

Exogenous Antioxidants and Exercise 

Apart from the endogenous antioxidants, which are obviously 

regulated by exercise, exogenous antioxidants such as vitamin 

C, E, and carotenoids are taken up with the food or are used 

as dietary supplements. The question therefore arises whether 

such supplements can be considered beneficial during 

exercise. To address this question, Ristow et al (2009) [45] 

investigated the effects of a diet supplemented with vitamin C 

and E on exercise-induced insulin sensitivity as measured by 

glucose infusion rates during a hyperinsulinemic, euglycemic 

clamp in previously untrained and pre-trained healthy young 

men. Interestingly, exercise was found to increase parameters 

of insulin sensitivity (including adiponectin) only in the 

absence of antioxidants in both previously untrained and 

pretrained individuals. This was paralleled by increased 

expression of ROS-sensitive transcriptional regulators of 

insulin sensitivity and ROS defense capacity, peroxisome 

proliferator-activated receptor (PPAR) and PPAR captivators 

PGC only in the absence of antioxidants. Molecular mediators 

of endogenous ROS defense (Mn-SOD, Cu, Zn-SOD and 

GPX) were also induced by exercise, and this effect was 

again blocked by antioxidant supplementation. The authors 

concluded that exercise-induced oxidative stress ameliorates 

insulin resistance and causes an adaptive response promoting 

endogenous antioxidant defense capacity and that 

supplementation with antioxidants may preclude these health-

promoting effects of exercise in humans. It was demonstrated 

that exercise causes an activation of mitogen-activated protein 

kinases (MAPKs: p38, ERK 1 and ERK 2), which in turn 

activates nuclear factor B (NF-B) in rat gastrocnemius muscle 

and consequently the expression of important enzymes 

associated with defense against ROS (SOD) and adaptation to 

exercise—endothelial nitric oxide synthase (eNOS) and 

inducible nitric oxide synthase (iNOS) (Gomez et al., 2005; Ji 

et al., 2004) [14, 44]. The expression of these enzymes can be 

inhibited by allopurinol, an inhibitor of XO indicating also 

that the prevention of ROS formation causes an inhibition of 

an adaptive response. The authors therefore conclude that in 

all likelihood, antioxidant supplements should not be 

recommended before training as they interfere with muscle 

cell adaptation. Thus, physical exercise is considered a 

double-edged sword: when practiced strenuously it causes 

oxidative stress and cell damage; in this case application of 

antioxidants may be helpful. But when practiced in 

moderation, it increases the expression of antioxidant 

enzymes and thus should be considered an antioxidant 

(Gomez et al., 2005; Ji et al., 2004) [14, 44]. Supportive 

evidence for this assumption comes from studies on physical 

overtraining. 

 

Role of free radicals in muscle adaptation to exercise 

The idea of the deleterious effects of free radicals has been 

firmly entrenched in the minds of scientists for the past 30 

years. However, there is now an appreciation that the reactive 

oxygen species generated during muscle contraction have a 

physiological role in the adaptation to exercise. In response to 

the free radical assault, the cell has developed a number of 

antioxidant defense systems such as superoxide dismutase, 

the peroxidases, the glutathione redox cycle with its 

associated constitutive enzymes, as well as glutathione itself, 

whose concentration is higher in the cell than that of glucose 

(Vina, 1990) [36]. Therefore the cell has become well equipped 

to deal with the normal production of reactive oxygen species. 

There is growing evidence that the continued presence of a 

small stimulus such as low concentrations of reactive oxygen 

species is in fact able to induce the expression of antioxidant 

enzymes and other defense mechanisms. The basis for this 

phenomenon may be encompassed by the concept of hormesis 

(Calabrese et al., 2005) [46], which can be characterized as a 

particular dose–response relationship in which a low dose of a 

substance is stimulator and a high dose is inhibitory. In this 

context radicals may be seen as beneficial, as they act as 

signals to enhance defenses, rather than as deleterious as they 

are when cells are exposed to high levels of these radicals. 

Recently the hormesis theory has been extended to the ROS-

generating effects of exercise. 

 

Material and methods 

This article is review and the aims are the effect of resistance 

training on oxidative stress and antioxidant enzyme activity. 

The experiment 1 was conducted by (Azizbeigi et al., 2013) 
[2]. Twenty untrained men with no experience of resistance 

training or regular physical activity volunteered to participate 

in the study and were assigned to one of two homogeneous 

groups: Progressive resistance training (PRT, n = 10) and 

control (n = 10). The subjects followed a generally sedentary 

lifestyle and had not practiced formal physical exercise for 

more than 1 hr/week during the preceding 3 months 

(Azizbeigi et al., 2013) [2]. Subjects recorded all their physical 
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activities in 15-min intervals in activity diaries over a 4-day 

period before initiation of the study (Ainsworth et al., 2000) 
[1]. In addition, the groups were matched according to age, 

body mass, height, percentage body fat, body-mass index, and 

estimated 1-repetition-maximum (E1RM) values (Table 1) 

(Azizbeigi et al., 2013) [2]. 

 
Table 1: Physical Characteristics of Subjects at the Start of the 

Study, M ± SD (Azizbeigi et al., 2013) [2]. 
 

 
 

They were informed of the purposes and methods of the study 

before they provided written consent. None of the participants 

were taking any form of medication, nor did they have 

alcohol, smoking, or vitamin supplement habits. The subjects 

were warned against taking nonsteroidal anti-inflammatory 

drugs including aspirin and naproxen during the research 

project (Azizbeigi et al., 2013) [2]. The study design and 

experimental procedures were approved by the Regional 

Research Ethics Committee of Islamic Azad University, 

Central Tehran Branch. Subjects’ height and weight (Seca, 

Mod 220, Germany) [47] were measured, and their percentage 

body fat was estimated estimated through measuring skinfold 

thickness (Lafayette, Mod 01127, USA). Skinfold thickness 

was measured at three sites—abdomen, suprailiac, and 

triceps—and percentage body fat was estimated using the 

equation of Jackson and Pollock (1985). PRT subjects 

underwent a whole day of weight training and safety 

precautions after the collection of pretraining blood samples. 

Session 1 included a general warm-up consisting of 3–5 min 

of low-intensity running, 5–10 min of stretching exercises, 

and four warm-up sets leading up to the final set to determine 

predicted maximum strength (see Table 2). 

 
Table 2: Sets and Repetitions for Session 1, Familiarization and 

Maximum-Strength Protocol (Azizbeigi et al., 2013) [2]. 
 

 
 

This procedure was repeated for both upper body (UB) and 

lower body (LB) exercises. For both UB and LB exercises, 

the initial loads used during the warm-up sets were based on 

percentages of the participants’ self-reported estimate of their 

1-RM. The warm-up sets leading to the final maximum 

repetition attempt had a dual purpose of warming up the 

participant for the attempt and familiarizing him with the 

metronome-established cadence for the repetitions. 

 

The experiment 2 was conducted by Elabed et al., (2014) [12]. 

Ten regional level judokas (mean age, 18.1 ± 1.7 years; mean 

body weight, 77.2 ± metricconverter- ProductID11.7 kg11.7 

kg; mean height, 176.4 ± metricconverterProductID4.6 cm4.6 

cm) were studied during the anaerobic exercise, and ten 

regional level judokas (mean age, 19.1 ± 1.4 years; mean 

body weight, 73.8 ± 1.4 kg; mean height, 176.1 ± 4.8 cm) 

were studied during the aerobic, and combined exercise. 

Judokas performed in random order a standard Wingate test 

on a cycle ergometer (Monark type 894E), used as the 

anaerobic exercise test (Elabed et al., 2014) [12]. As the 

aerobic exercise test, a low-intensity aerobic exercise bout on 

a cycle ergometer was performed at intensity equal to 60% of 

maximal aerobic power for duration of 30 minutes. The 

combined exercise consisted of both anaerobic and aerobic 

exercise, with the Wingate test performed first. For Standard 

Wingate test the participants were instructed to pedal as fast 

as possible for 30 seconds (Elabed et al., 2014) [12]. Then low-

intensity aerobic exercise consisted of pedaling on a cycle 

ergometer at an intensity equal to 60% of maximal aerobic 

power for a duration of 30 minutes, and the combined 

exercise protocol consisted of both anaerobic and aerobic 

exercise. Specifically, the participants performed a warm up 

for 5 minutes followed by the performance of a standard 

Wingate test. At the conclusion of the Wingate test, 

participants recovered for 3 minutes, and then performed a 

low-intensity aerobic exercise bout on a cycle ergometer at an 

intensity equal to 60% of maximal aerobic power for a 

duration of 30 minutes. Blood samples were taken via 

Vacutainerrfrom an antecubital vein. All markers were 

analyzed using commercially available assay kits procured 

from Randox Laboratories (Randox Laboratories Ltd, 

placecountry-regionUK). SOD, GR, GPx, and TAS were 

measured using standard colorimetric assays. a-tocopherols 

was extracted with hexane from human plasma and then 

measured via high performance liquid chromatography 

(HPLC). For specimen preparation, first 100 μl of internal 

standard and 100 μl of plasma were mixed during 5seconds. 

The second step consisted of adding 200 μl of Ethanol and 

mixed during 30 seconds. 500 μl of Hexane was 

supplemented and mixed during 1 minute, and 450 μl of the 

upper layer were removed after centrifugation (4000 rpm to 

4!C) for 8 min. 500 μl of Hexane were added in the sediment 

tubes and 450 μl of the upper layer were removed after 

centrifugation (4000 rpm to 4!C) for 8 min and finally 

evaporated to dryness under a stream of nitrogen at room 

temperature (Elabed et al., 2014) [12]. Solids were taken by 

250 μl of methanol and finally centrifuged under the same 

conditions after shaking 30 seconds, and then analyzed using 

the HPLC method. Malondiadehyde (MDA), a measure of 

lipid peroxidation, was analyzed using a commercially 

available Malondiadehyde HPLC procedure (Randox 

Laboratories Ltd, placecountry-regionUK). MDA 

concentrations were measured by the following formula: 

sample = (Peak height sample ⇥ concentration of the 

calibrator)/ Peak height calibrator. Data were analyzed using 
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the software Statistica (Cityplace Stat Soft, country-region 

France). Because of the large inter-individual variations in the 

measured data, we calculated the ratios of post-exercise to 

pre-exercise values. Values are reported as mean±SE 

(standard error of the mean). Two-way ANOVA was used to 

detect significant differences between the three types of 

exercise (Elabed et al., 2014) [12]. Comparisons between pre-

exercise and post-exercise within one type of exercise were 

performed by one way ANOVA with the LSD test. To 

compare between the three exercises at each post exercise 

recovery time, the t-test for independent samples was 

performed. Statistical significance was set at p < 0.05 (Elabed 

et al., 2014) [12]. 

 

Results and Discussion 

The experiment 1 was conducted by (Azizbeigi et al., 2013) 

[2]. Before training, the daily energy intake of the PRT group 

consisted of 51% ± 3%, 31% ± 2%, and 18% ± 3%, 

respectively, for contributions from carbohydrate, fat, and 

protein, proportions not significantly different from those of 

the control group (48% ± 3%, 33% ± 2%, 19% ± 3%). 

Although individual and total macronutrient intake increased 

during training, there remained no significant difference 

between groups. Nutrient analysis of the dietary records of the 

PRT and control groups before and after the training period 

using independent t test are presented in Table 3. There was 

no significant difference between the PRT and control groups 

regarding percentage body fat. There was a significant 

interaction between group and time (p = .014) for SOD 

activity but no main effect for time, showing that SOD 

activity increased as a function of the PRT program and not 

simply time between tests. Similarly, MDA was significantly 

decreased with PRT (p = .030), but there was also a tendency 

for a main (time only) effect. Neither total antioxidant 

capacity nor GPx changed during the course of the study. 

The experiment 2 was conducted by Elabed et al., (2014) [12]. 

Figure 1 shows the changes in TAS (Figure 1(a)) and MDA 

(Figure 1(b)) levels following aerobic anaerobic and 

combined exercise.  

 

 
 

 
 

 

Fig 1. Plasma TAS (A) andMDA (B) levels before (Rest), immediately after (P0), and 5 (P5) and 10 (P10) and 20 (P20) minutes after aerobic, 

anaerobic, and combined exercise. Data are expressed as ratios to pre-exercise levels and are shown as means±SE. The average level of TAS in 

samples before anaerobic exercise was 1.797±0.037 mmol·l-1 and that in samples before aerobic exercise was 1.799±0.037 mmol·l-1 and that in 

samples before combined exercise was 1.803±0.022 mmol·l-1. And the average level of MDA in samples before anaerobic exercise was 

1.64±0.27 μmol.l-1 and that in samples before aerobic exercise was 1.49±0.13 μmol.l-1 and that in samples before combined exercise was 

1.74±0.08 μmol.l-1 (Elabed et al., 2014) [12] 
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No significant differences between the three types of exercise 

were detected (Elabed et al., 2014) [12]. After aerobic exercise, 

TAS level increased significantly (p<0.05) at 5 minutes of 

recovery (P5: 1.012 ± 0.01 mmol·l−1). Concerning the 

concentration of TAS, the ANOVA shows a non-significant 

effect of exercise [F (2.18) = 1.27; p > 0.05]. Secondly it 

shows a significant effect of recovery [F (4.36) = 3.47; p < 

0.05]. Finally it shows a non-significant interaction of 

exercise vs recovery [F (8.72) = 0.44; p > 0.05]. Concerning 

the concentration of MDA, the ANOVA shows a non-

significant effect of exercise [F (2.18) = 3.03; p > 0.05], a 

significant effect of recovery [F (4.36) = 24.66; p < 0.001] 

and a significant interaction of exercise vs recovery [F (8.72) 

= 3.51; p < 0.01]. Figure 1(b) shows the effects of exercise on 

MDA levels (Elabed et al., 2014) [12]. Immediately after 

aerobic anaerobic and combined exercise, MDA levels 

increased significantly (P<0.05). But after the aerobic 

exercise, MDA levels increased above the pre-exercise level 

(P<0.05). We found a significant difference (P<0.05) between 

anaerobic and aerobic exercise in terms of the change in 

MDA levels at P10 and P20, and a significant difference 

(P<0.05) between combined and aerobic exercise in MDA 

levels at 5, 10, and 20 minutes of recovery. The aerobic group 

had a higher MDA level (P<0.05) than the anaerobic and 

combined group (Elabed et al., 2014) [12]. 

 

 
 

 
 

Fig 2. Plasma GPx (A) SOD (B) and GR (C) levels before (Rest), immediately after (P0), and 5 (P5) and 10 (P10) and 20 (P20) 

minutes after aerobic, anaerobic, and combined exercise. Data are expressed as ratios to pre-exercise levels and are shown as 

means±SE. The average levels of GPx, SOD and GR in samples before anaerobic exercise were respectively 36.5±7 U/g Hg, 

1354.1±239.2 U/g Hg, 9±2.1 U/g Hg; and that in samples before aerobic exercise was 35.2±4.9 U/g Hg, 1313.08±115.9 U/g Hg, 

9.8±1.3 U/g Hg, and that in samples before combined exercise were respectively 38.4±6.5 U/g Hg, 1338±161.7 U/g Hg, 10.5±2.2 

U/g Hg. 
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The levels of GPx, SOD, and GR following the three types of 

exercise are shown in Figure 2(A, B, C). The ANOVA shows 

respectively, a significant interaction” exercise x recovery” 

for the three parameters [F (8.72) = 5.79; p < 0.001], [F (8.72) 

= 3.16; p < 0.01], and [FF (8.72) = 2.99; p < 0.01]. After 

aerobic exercise, a significant increase (P<0.05) in GPx level 

was apparent at P5, while for the combined exercise it 

increased at P0. In contrast, a significant increase was 

detected in samples taken after anaerobic exercise at P0 and 

P5. The GPx levels were returned to baseline values at P10. A 

significant difference was noted between aerobic and 

anaerobic exercise at P0, P10, and P20, and between aerobic 

and combined exercise at P0. A significant difference also 

appeared between anaerobic and combined exercise at P10 

and P20. The anaerobic group had a higher GPx level than the 

aerobic group at P0, and combined exercise increased the 

levels of GPx more than aerobic exercise at P0. Concerning 

the comparison between anaerobic exercise and combined 

exercise, we note that combined exercise resulted in a greater 

GPx than anaerobic exercise at P10. For concentrations of 

SOD and GR, statistical analysis shows that aerobic exercise 

and combined exercise have SOD and GR concentrations 

significantly higher than those for anaerobic exercise at P20. 

We also note that the concentrations of these two parameters 

returning to basal values at P20 after anaerobic exercise and 

remain elevated after aerobic exercise and combined exercise 

after 20 minutes of recovery. 

 

References 

1. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, 

Swartz AM, Leon AS. Compendium of exercise 

activities: An update of activity codes and MET 

intensities. Medicine and Science in Sports and Exercise 

2000; 32(9):S498-S516. 

2. Azizbeigi K, Azarbayjani MA, Peeri M, alinejad H, 

Stannard S. The Effect of Progressive Resistance 

Trainingon Oxidative Stress and Antioxidant Enzyme 

Activity in Erythrocytes in Untrained Men. International 

Journal of Sport Nutrition and Exercise Metabolism. 

2013; 23:230-238 

3. Bloomer RJ, Goldfarb AH. Anaerobic exercise and 

oxidative stress: A review. Canadian Journal of Applied 

Physiology. 2004; 29:245-263. 

4. Bloomer RJ, Falvo MJ, Fry AC, Schilling BK, Smith 

WA, Moore CA. Oxidative stress response in trained 

men following repeated squats or sprints. Medicine and 

Science in Sports and Exercise, 2006; 38:1436-1442. 

PubMed  

5. Bloomer RJ, Fry AC, Falvo MJ, Moore CA. Protein 

carbonyls are acutely elevated following single set 

anaerobic exercise in resistance trained men. Journal of 

Science and Medicine in Sport, 2007; 10:411-417. 

6. Calabrese EJ, Baldwin LA. Hormesis: the dose–response 

revolution. Annu. Rev. Pharmacol. Toxicol. 2003; 

43:175-197. 

7. Cheeseman KH, Slater TT. An introduction to free 

radical biochemistry. Brittish Medical Bulletin 1993; 

49:481-493. 

8. Davidson JA, Beede DK. Exercise training of late-

pregnant and nonpregnant dairy cows affects physical 

fitness and acid-base homeostasis. Journal of Dairy 

Science 2009; 92:548-562. 

9. Davie AJ, Priddle TL, Evans DL. Metabolic response to 

submaximal field exercise tests and relationships with 

racing performance in pacing Standarbreds. Equine 

Veterinary Journal Supplement 2002; 34:112-115. 

10. Davis KJ, Quintanilha AT, Brooks GA, Packer L. Free 

radicals and tissue damage produced by exercise. 

Biochemical and Biophysical Research Communications 

1982; 107:1198-1205. 

11. Dillard CJ, Litov RE, Savin WM, Dumelin EE, Tappel 

AL. Effects of exercise, vitamin E, and ozone on 

pulmonary function and lipid peroxidation. J. Appl. 

Physiol. Respir. Environ. Exerc. Physiol. 1978; 45:927-

932. 

12. Elabed K, Masmoudi L, Koubaa A, Hakim A. 

Antioxidant in Response to Anaerobic or Aerobic 

Exercise Alone or in Combination in Male Judokas. 

ADVANCES IN LIFE SCIENCES AND HEALTH. 

2014; 1(1):24-33. 

13. Goldfarb AH, Garten RS, Chee PD, Cho C, Reeves GV, 

Hollander DB et al. Resistance exercise effects on blood 

glutathione status and plasma protein carbonyls: 

Influence of partial vascular occlusion. European Journal 

of Applied Physiology. 2008; 104(5):813-819. 

14. Gomez-Cabrera MC, Borrás C, Pallardó FV, Sastre J, Ji 

LL, Viña J. Decreasing xanthine oxidase-mediated 

oxidative stress prevents useful cellular adaptations to 

exercise in rats. J Physiol. 2005; 567:113-120. 

15. Halliwell B, Gutteridge JMC. Free Radicals in Biology 

and Medicine. 2nd ed. Clarendon Press, Oxford. 1989, 

527. 

16. Hudson MB, Hosick PA, McCaulley GO, Schrieber L, 

Wrieden J, McAnulty SR et al. The effect of resistance 

exercise on humoral markers of oxidative stress. 

Medicine and Science in Sports and Exercise, 2008; 

40(3):542-548. 

17. Humans. Proc. Natl. Acad. Sci. USA 2009; 106:8665-

8670. 

18. Jackson MJ, Edwards RH, Symons MC. Electron spin 

resonance studies of intact mammalian skeletal muscle. 

Biochemica et Biophysica Acta 1985; 847:185-190. 

19. Jackson AS, Pollock ML. Practical assessment of body 

composition. Journal of Sports Medicine and Physical 

Fitness, 1985; 13:76-90. 

20. Ji LL, Gomez-Cabrera MC, Steinhafel N, Viña J. Acute 

exercise activates nuclear factor 

21. Kahn CR, Blüher M. Antioxidants prevent health-

promoting effects of physical exercise in 

22. Kirschvink N, De Moffarts B, Lekeux P. The 

oxidant/antioxidant equilibrium in horses. Veterinary 

Journal. 2008; 177:178-191. 

23. Kirschvink N, De Moffarts B, Lekeux P. The 

oxidant/antioxidant equilibrium in horses. Veterinary 

Journal. 2008; 177:178-191. 

24. Kowaltowski AJ, Verseci AE. Mitocondrial damage 

induced by conditions of oxidative stress. Free Radical 

Biology and Medicine 1999; 26:463-471. 

25. McHugh MP, Connolly DA, Eston RG, Glein GW. 

Exercise-induced muscle damage and potential 

mechanism for the repeated bout effect. The Journal of 

Sports Medicine. 1999; 27:157-170. 

26. Moore DJ, Gioioso S, Sills RH, Mendelson R. 

Relationships between membrane phospholipids 



 
International Journal of Multidisciplinary Research and Development 
 

320 
 

domains, conformational order, and cell shape in intact 

human erythrocytes. Biochimica et Biophysica Acta. 

1999; 1415:342-348. 

27. Moslen MT. Reactive oxygen species in normal 

physiology, cell injury and phagocytosis. Advances in 

Experimental Medicine and Biology 1994; 366:17-27. 

28. Niviere V, Fontecave M. Biological sources of reduced 

oxygen species. In: Favier AD, Cadet J, Kalyanaraman 

B, Fontecave M, Pierre JL (eds.): Analysis of Free 

Radicals in Biological Systems. Birkhauser Verlag, 

Basel, 1995, 11-19. 

29. Peake J, Suzuki K. Neutrophil activation, antioxidant 

supplements and exercise-induced oxidative stress. 

Exerc. Immunol. Rev. 2004; 10:129-141. 

30. Powers SK, Jackson MJ. Exercise-induced oxidative 

stress: Cellular mechanisms and impact on muscle force 

production. Physiol. Rev. 2008; 88:1243-1276. 

31. Radak Z, Chung HY, Goto S. Systemic adaptation to 

oxidative challenge induced by regular exercise. Free 

Radical Biology & Medicine. 2008; 44:153-159. 

32. Ramel A, Wagner KH, Elmadfa I. Plasma antioxidants 

and lipid oxidation after submaximal resistance exercise 

in men. European Journal of Nutrition. 2004; 43(1):2-6. 

33. Ristow M, Zarse K, Oberbach A, Klöting N, Birringer M, 

Kiehntopf M et al. Exercise and oxygen toxicity. 

Amsterdam, The Netherlands: Elsevier Science, 1994. 

34. Sies H. Oxidative stress: from basic research to clinical 

application. American Journal of Medicine. 1991; 

91:31S-38S. 

35. Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M, 

Tesler J. Free radicals and antioxidants in normal 

physiological function and human disease. The 

International Journal of Biochemistry & Cell Biology. 

2007; 39:44-84. 

36. Viña J. Glutathione metabolism and physiological 

functions. Boca Raton, FL: CRC Press, 1990. 

37. Sen, Packer, & Hanninen, 1994. Antioxidant enzyme 

activity is up-regulated after unilateral resistance exercise 

training in older adults. Free Radical Biology & 

Medicine, 39(2), 289–295.  

38. Viguie Radak, Z., Chung, H.Y., & Goto, S. 1993. 

Systemic adaptation to oxidative challenge induced by 

regular exercise. Free Radical Biology & Medicine, 44, 

153–159.  

39. Inoue Ramel, A., Wagner, K.H., & Elmadfa, I. 1993.  

Plasma antioxidants and lipid oxidation after submaximal 

resistance exercise in men. European. Journal of 

Nutrition. 43(1):2-6.  

40. Sen C. Oxidative stress in blood of HIV infected patients. 

Clinica Chimica Acta, 1995; 255:107-117.  

41. Nojima, Packer L, Hanninen O. Exercise and oxygen 

toxicity. Amsterdam, the Netherlands: Elsevier Science, 

2008. 

42. Avellini Smith LL, Siles MP, Elmadfa B. Exercise-

induced muscle injury and inflammation. Exercise and 

sport science, 1995, 401-411.  

43. De Moffarts D, Moncol J, Cronin MTD, Mazur M, Tesler 

J. Free radicals and antioxidants in normal physiological 

function and human disease. The International Journal of 

Biochemistry & Cell Biology, 2005, 39. 

44. Ji HK, Bourguignon C, Vincent KR. Resistance training 

lowers exercise-induced oxidative stress and 

homocysteine levels in overweight and obese older 

adults. Obesity, 2004; 14(11):1921-1930. PubMed 

doi:10.1038/ oby.2006.224 

45. Ristow KR, Vincent HK, Braith RW, Lennon SL, 

Lowenthal DT. Resistance exercise training attenuates 

exercise-induced lipid peroxidation in the elderly. 

European Journal of Applied Physiology, 2009; 87(4- 

5):416-423. 

46. Calabrese MP, Connolly DA, Eston RG, Glein GW. 

Exercise-induced muscle damage and potential 

mechanism for the repeated bout effect. The Journal of 

Sports Medicine, 2005; 27:157-170.  

47. Seca Mod 220, Germany, Free radicals, exercise, and 

aging. In B.P. Yu (Ed.), Free radicals in aging, 1993; 

183-204. Boca Raton, FL: CRC Press. 

48. Gomez-Cabrera, Fry AC, Schilling BK, Smith WA, 

Moore CA. Oxidative stress response in trained men 

following repeated squats or sprints. Medicine and 

Science in Sports and Exercise, 2008; 38:1436-1442. 


