
Open Access Library Journal 
2018, Volume 5, e4411 
ISSN Online: 2333-9721 

ISSN Print: 2333-9705 
 
 
 

Different Protocols of Physical Training:  
Effect on Markers of Oxidative Stress in 
Erythrocytes in Rats 

Marcelo Costa-Junior1, Wener Barbosa-Resende1, Michel Barbosa de Araújo2,  
Rodrigo Augusto Dalia3, Leandro Pereira de Moura4, Luciana Alves de Medeiros1,  
Lucas Moreira Cunha1, Eliete Luciano3 

1Federal University of Uberlandia, UFU, Uberlandia, Brazil 
2University Catholic Center of Quixadá, Quixáda, Brazil 
3Institute of Biosciences, UNESP, Rio Claro, Brazil 
4School of Applied Sciences, Unicamp, Limeira, Brazil 

 
 
 

Abstract 

The imbalance between oxidant molecules and antioxidant agents is characte-
rized as oxidative stress (OS) and may lead to severe damage to the organism. 
In contrast, the physical training of aerobic and resistive character promotes 
increases of the antioxidant response, resulting in a balance and/or minimiz-
ing damage. Therefore, the objective of the study is to verify the effect of aero-
bic training, resistive training and concurrent training on oxidative stress of 
Wistar rats. Methods: To perform the experiment, 40 Wistar rats were sub-
jected to eight weeks of training. The animals were distributed into 4 different 
groups: control, aerobic, resistive and concurrent (combination of aerobic and 
resistive protocols in the same section) an h/day, five days/week, for eight 
weeks. At the end of the experimental period: the antioxidant enzymes (cata-
lase, glutathione peroxidase and superoxide dismutase), biomarkers of oxida-
tive stress (TBARs and H2O2) as well as the activity of reduced and oxidized 
glutathione were analyzed. Results: Regarding the markers, TBARs and H2O2 
trainings were not effective in promoting significant reduction. In contrast, 
the three training protocols caused an increase in SOD and GSH-GPx en-
zymes. Conclusion: Therefore, we concluded that both training protocols 
promoted benefit to the organism, because they caused the increase of anti-
oxidant enzymes without disturbance in the pro-oxidant markers. 
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1. Introduction 

The finding that the physical exercise promotes acute increase in Reactive Oxy-
gen Species (ROS) has been reported for over 30 years [1]. After this discovery, 
some evidences indicated that despite high concentrations of ROS induced 
damage to lipids, proteins and nucleic acids [2] [3], low to moderate levels of 
these oxidizing molecules played an important role in the signaling and regula-
tion of several genes related to antioxidant capability and physical performance 
[4] [5] [6] [7]. 

According to Davies et al. [8] the increase in production of ROS during exer-
cise occurs mainly in muscle fibers. From this assumption, several studies as-
sume skeletal muscle as a key producer of ROS and blood as a general represen-
tation of the organism [8] [9] [10]. 

However, according to Nikolaidis et al. [11] erythrocytes are a major source of 
ROS production in the blood, especially hydrogen peroxide (H2O2), both at rest 
and after an exercise session [12] [13] [14]. Moreover, the blood can interact 
with tissues and organs and, consequently, with possible producers sources of 
ROS, dramatically increasing levels of oxidant molecules in erythrocytes [11] 
[15]. 

Physical training is a condition that is capable of generating cellular adapta-
tions, both in tolerance to oxidative changes as in the improvement of antioxi-
dant system [6] [9] [16] [17]. 

The beneficial effects of aerobic exercise training on antioxidant defense me-
chanisms in several tissues have been reported [12] [18]. Revan and Erol [19] 
have observed in subjects who performed a protocol of physical training in the 
intensity of 50% to 70% of maximum heart rate. It was able to reduce the levels 
of lipid peroxidation in erythrocytes after exhaustive exercise. Corroborating 
these findings, Oztasan et al. [20] have found in rats the effect of aerobic exercise 
training on oxidative stress in erythrocytes. According to these authors, aerobic 
training was effective in preventing stress induced by acute exercise with conse-
quent increased activity of antioxidant enzymes. 

Furthermore, the effects of resistive training (RT) on the oxidative stress (OS) 
also have been studied in humans [21] [22] and animals [18] [23] [24]. 

Some authors have observed that the RT promoted adaptation in humans, 
showing lower levels of lipid peroxidation [22] and increased activity of supe-
roxide dismutase and catalase enzyme in erythrocytes [21]. In animals, the ex-
isting studies verified the effect of the RT in skeletal muscle [23], cardiac [24] 
and liver [18]. Murlasits et al. [23] have reported that RT three times a week 
promotes a 66% increase in the expression of the enzyme superoxide dismutase 
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(SOD). In contrast, Ahmadiasl et al. [24] found no improvement in the antioxi-
dant capacity of rats subjected to jumping protocol after 4 and 12 weeks of 
training at rest. However, there was no increase in oxidative parameters after 
acute exercise, showing that this type of training ameliorates the deleterious ef-
fects of acute exercise in relation to oxidative stress. 

Physical training, both aerobic and resistive, can result in adaptations in anti-
oxidant capacity, thereby protecting body cells against the deleterious effects of 
ROS. Nevertheless, few studies have been conducted about the effect of com-
bined physical exercise on oxidative stress and antioxidant enzymes of Wistar 
rats, making clear the need for studies comparing different protocols of physical 
training. Moreover, it is unclear whether different training programs have simi-
lar responses in relation to the oxidative markers, or the combination of train-
ings promotes an antioxidant adaptation more significant than the training alone. 
Thus, the objective of this study was to investigate the effect of different proto-
cols of physical training on markers of oxidative stress in erythrocytes of rats. 

2. Materials and Methods 
2.1. Animals 

Forty male Wistar rats with 90 days old (at the beginning of experiment) were 
selected from the Central Biotery Facility of the São Paulo State University 
(UNESP), Botucatu. The animals were housed in polyethylene cages, measuring 
37 × 31 × 16 (five rats per cage), under controlled temperature conditions 21˚C 
and photoperiod (12 hours light/dark), fed with a standard rat chow (Purina) 
and water “ad libitum” for the experimental groups (in the Biotery of Biody-
namic Laboratory of the Department of Physical Department, Institute of Bios-
cience, UNESP, Rio Claro). All experimental procedures were approved by the 
Ethics Committee on Animal Use (CEUA-6777). 

2.2. Training Protocols 

The animals were randomly distributed into four groups: sedentary (S), aerobic 
training (AT), resistive training (RT) and concurrent training (CT). All animals 
were adapted to the liquid medium before starting the training protocol. The 
training protocols were performed in a periodized way, as suggested by Araújo 
et al. (2012). After an adjustment period, the three trained groups (AT, RT and 
CT) were subjected to a training program conducted five times a week for eight 
weeks. The groups AT and CT were subjected to Lactate Minimum Test before, 
after four and eight weeks of training. The groups CT and RT were subjected to 
the five repetition maximum strength test (5-RM) before, after four and eight 
weeks of training. 

2.3. Adaptation to the Liquid Medium 

The adaptation to the liquid medium was performed to all animals prior to their 
testing and training protocols. Adaptation took 10 days to complete and was 

 

DOI: 10.4236/oalib.1104411 3 Open Access Library Journal 
 

https://doi.org/10.4236/oalib.1104411


M. Costa-Junior et al. 
 

done in the same tanks where the trainings occurred, with the water temperature 
kept at 31˚C ± 1˚C. The goal of this process was to reduce the stress of the ani-
mals without promoting physiological adaptations resulting from physical 
training, and also to adapt them to the execution of the Lactate Minimum Test 
and to the proposed physical trainings. The rats were kept in the water at a 5 cm 
depth for five, ten and fifteen seconds during the three first days. From the 
fourth to the sixth day the animals were put to swim in a 70-cm-deep water tank 
for five, ten and fifteen seconds, respectively. On the following two days the an-
imals had a load corresponding to 3% of their weight attached to their backs and 
were then submitted to a swimming routine for five minutes on the seventh day, 
and ten minutes on the eighth day. The last two days consisted of increasing the 
time of exercise to 15 minutes, with the further addiction of a 30-second stimu-
lus with a 10% of body weight load in order to keep the animals from panicking 
during the exercise in the hyperlactacidemia induction phase, which could pos-
sibly affect the test. Introducing the 3% and 10% of body weight loads aimed to 
soften the stress caused by the burden and promote a greater success percentage 
during the Lactate Minimum Test, which was performed 24 after the tenth 
adaptation day. 

2.4. Lactate Minimum Test  

The test was applied to determine the anaerobic threshold (AnT) [25] [26] of the 
animals using a modified procedure [27]. This test involves three steps: 1) 
high-intensity exercise to cause an increase in circulating blood lactate; 2) re-
covery to ensure high levels of lactacidemia and 3) exercise test with progressive 
loads, with blood sampling for lactate analysis at each load. 

For the hyperlactacidemia induction, the animals were placed individually in 
tanks (100 × 80 × 80 cm), containing water at 31˚C ± 1˚C, supporting a load of 
13% body weight and were subjected to swimming for 30 seconds. After 30 
seconds of rest, they were subjected to swimming again with the same loads until 
exhaustion. After a rest period (9 min), blood samples were collected by an inci-
sion in the tip tail and the animals began the swimming exercise with progres-
sively higher intensities [27] [28]. The first load was equivalent to 4% body 
weight (bw) being increased by 0.5% bw every 5 minutes, until exhaustion of the 
animal. At each load change, blood sample was collected for lactate dosage [29]. 
The determination of blood lactate levels was performed by enzymatic method 
[30]. 

2.5. Adaptation to Resistive Training  

The process of adaptation to the jump of the animals resistive and coucorrent 
training was started 48 hours after the Lactate Minimum Test, and lastedfive 
days. During all the procedure the adaptation jump of the animals the aerobic 
training was submitted to a load corresponding to 90% of the lactate minimum, 
with a progressive time increase until they had performed 60 minutes of train-
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ing.  
The animals were initially put into shallow water, with a load of 50% of their 

body weight attached to their backs on a Velcro® bag. On the twelfth adaptation 
day, the water level was progressively increased to 150% of the naso-anal length 
so the animals could perform 10 jumps. On the two next days the rats performed 
two sets of 10 jumps with a load weighing 50% of their body weights and an in-
terval of one minute and a half between sets. On the last adaptation day before 
the five maximum jump test, the animals executed two sets of 10 jumps with a 
load of 70% of their body weight so they could get close to the maximum load. 

The jumps occurred in a 250 mm diameter PVC pipe aiming to limit the di-
rections the animal could follow, thus favoring the jump. The holed-bottom pipe 
was put in 100-cm length 70-cm wide asbestos tanks, with water at a depth cor-
responding to 150% of the body length. Jump standardization was done follow-
ing Rogatto et al. (2004). 

2.6. The Five Repetition Maximum Strength Test (5-RM)  

To evaluate the animals muscle strength, it was used the jump system in tanks 
with water [32]. However, we used the five repetition maximum strength test 
(5-RM) to determine the maximum load of animals. Moreover, 48 hours elapsed 
after the adaptation period already described, the animals of groups CT and RT 
started the 5-RM test, swimming for one minute without load. After the 
one-minute rest, the animals were subjected to two series of physical prepara-
tion, the first series of 10 jumps with load of 50% bw. In the second series of 
physical preparation, 5 jumps were conducted with a relative load of 70% bw. 
After five minutes of rest the animals initiated the 5-RM test, which was com-
posed of a maximum of five attempts with recovery interval of five minutes be-
tween each attempt. The 5-RM test was validated when the animals in all jumps 
exceeded at least the snout of the established marking (150% naso-anal length). 
If successfully completed, the test was increased a load to the dorsum of the an-
imal, if the test was given as invalid, the load was removed from the dorsum of 
the animal. The final load found was considered 100% of 5-RM. The tests were 
always at similar time with a maximum of five attempts per day.  

3. Protocols of Physical Intervention  
3.1. Protocol of Aerobic Training  

The animals of groups aerobic training were subjected to swimming exercise in 
individual tanks containing water at 31˚C ± 1˚C, one hour a day, five days a 
week, totaling eight consecutive weeks, supporting overload of lead tied to the 
thorax. Initially, the training load was equivalent to 90% of AnT individual, 
identified by the lactate minimum test, with an increase of 5% weekly until the 
third week, with intent to cause an overload and reduce the chance of the animal 
entering in a state of training monotony [28]. Throughout the experimental 
protocol the animals submitted to aerobic training maintained the exercise for 
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60 minutes from Monday to Friday. In the fourth week, the animal maintained a 
load of 100% AnT, which promoted a reduction in volume in the last three days 
of training for 75% initial time (45 minutes) in order to promote a supercom-
pensation [31] and, at the end of the week, the AnT test was carried out again to 
a new adjustment of the load. This training cycle was repeated until the eighth 
week. All training sessions were initiated in the afternoon (18:00). 

3.2. Protocol of Resistive Training 

The animals selected for resistive physical training conducted jumping exercises 
into water tanks, with a load attached in the thorax (backpack lead). Each exer-
cise session consisted of eight series of 8 to 12 jumps, with an interval of one 
minute between each series. The training was carried out five days a week, with 
the weekends as breaks for a period of eight weeks in a row. 

The jumps were performed on PVC tube, individually, 100 cm long, 70 cm 
diameter, with water at a depth corresponding to 150% of a rat body length, and 
the jump being counted as effective only when the animal succeed in overcom-
ing this water height limit [32]. The periodization of training was made in order 
to avoid the training monotony, which according to Kuipers [33] and Araújo et 
al. [28] may lead to overtraining. The initial load was equivalent to 80% of 5-RM 
predetermined, with an increase of 5% weekly, until the third week. In the fourth 
week, the animal kept a charge of 90% of 5-RM, with a reduction in volume in 
the last three days of training to 75% of the initial (6 series) aiming to promote 
supercompensation [31] and, at the end of that week, the 5-RM test was car-
ried out again for a new adjustment of the load. This training cycle was re-
peated until the eighth week. All training sessions were initiated in the after-
noon (18:00). 

3.3. Protocol of Concurrent Training 

The animals subjected to Concurrent Training protocol performed a combina-
tion of swimming exercise for 30 minutes and 4 series of jumping exercise, five 
times a week for 8 weeks, following the same periodization protocol of aerobic 
and resistive training. 

3.4. Obtaining Biological Material 

At the end of the experiment the animals were anesthetized with CO2, after rest-
ing for 48 hours to euthanasia. Blood was collected through cardiac puncture 
directly of the left ventricle and, immediately after, the blood was centrifuged 
three times at 2.500 rpm for 5 minutes in 0.05 N phosphate buffer (composition, 
in g/L: KH2PO4, 1.34 and NaHPO4∙2H2O, 7.1) with NaCl 0.9% pH 7.4. After iso-
lation of red blood cells, they were lysed by adding H20 (1:1 v/v) and centrifuged 
at 5.000 rpm for 10 minutes twice, in order to remove the remaining mem-
branes, and frozen at −80˚C for later analysis. The hemoglobin dosage of the 
hemolysate was made by the method of BEUTLER, (1975).  
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3.5. Biomarkers of Lipid Peroxidation: Concentration of Products  
That React to Thiobarbituric Acid (TBARs) 

The thiobarbituric acid reactive substances (TBARS) was measured to quantify 
the products of lipid peroxidation in erythrocytes. This method consists in the 
analysis of the final products of lipid peroxidation (lipid peroxides, malondial-
dehyde, and other low molecular weight aldehydes).The substances react with 
thiobarbituric acid to form colored species and its concentration can be deter-
mined spectrophotometrically at 532 nm [34]. 

3.6. Biomarkers of Antioxidant Defense System 

Enzymatic activity catalase (CAT)  
The assays for dosage of catalase activity were carried out by adding to the 

erythrocyte samples: 50 mM phosphate buffer and hydrogen peroxide (H2O2) 10 
mM, (AEBI, 1984). The calculation of catalase activity was made by the follow-
ing equation: (2.3/∆t). (a/b). (log A1/A2), where: a = volume of sample in cu-
vette; b = total volume of cuvette; A1 = absorbance value at t = 0 and A2 = ab-
sorbance values of the final time, in our case, it happened at 15 seconds after the 
reaction initiation (AEBI, 1984). 

Enzymatic activity superoxide dismutase (SOD) and Glutathione perox-
idase (GSH-GPx) 

The superoxide dismutase (SOD) and glutathione peroxidase (GSH-GPx) ac-
tivity in erythrocytes was determined using SOD assay kit number 706002 and 
GPx assay kit number 703002 (Cayman Chemical Company, Ann Arbor, Mich-
igan).  

Reactive oxygen species: Hydrogen Peroxide (H2O2)  
The hydrogen peroxide (H2O2) in erythrocytes was measured using Amplex® 

Red Hydrogen Peroxide/Peroxidase Assay Kit number A22188 (Thermo Fisher 
Scientific, Molecular ProbesTM).  

GSH/GSSG 
The concentrations of reduced and oxidized glutathione (GSH and GSSG) 

were determined by fluorometry after precipitation of proteins with me-
ta-phosphoric acid 25%, in order to obtain the glutathione concentration in the 
erythrocytes. The analysis was performed according to the method described by 
Hissin and Hilf (1976) which utilized the reaction between GSH and or-
tho-phthaldehyde (OPT) 1 mg/mL in phosphates buffer 0.1M-EDTA 0.005M, 
pH 8.0 and, between GSSG and OPT in NaHO 0.1 N, pH 12.0, so that the 
N-ethylmaleimide (NEM) 0.04 M might prevent the interference of GSH on 
measurements of GSSG. Emission spectra and excitation of GSH and GSSG 
showed the maximum excitation at 340 nm and emission at 430nm. The values 
are expressed in μmol/mg of Hb.  

Statistics 
Data normality was verified using the Shapiro Wilks test, homogeneity of va-

riance was analyzed by Bartlett test. All experimental results were analyzed using 
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the t-student test or by analysis of variance two-way (ANOVA), where appro-
priate. When necessary we used pos hoc bonferroni test. For all analyses, p < 
0.05 was considered significant. 

4. Results 

Mean values ± standard error of body mass during the weeks of the protocol ex-
periment is expressed in Figure 1(a). Figure 1(b) shows a significant difference 
of the TA and TR groups in relation to the GC in the area under the curve (BSA) 
of body mass development, that is, a body mass miracle during the experiment 
weeks. 

Regarding the TBARs, no significant difference was found between groups, 
i.e., the physical training provided no reductions in the levels of lipid peroxida-
tion (Figure 2). 

As observed in Figure 3, the training did not modify the concentration of 
H2O2. 
 

 
(a) 

 
(b) 

Figure 1. (a) Representative graph of the body weight evolution of the groups during the 
eight weeks of experiment; (b) Area under the curve of the body weight evolution of the 
groups during the eight weeks of experiment CG = Control Group, AT = Aerobic Train-
ing, RT = Resisted Training and CT = Concurrent Training. Values expressed as mean 
and standard error. *Significant difference in relation to CG. 
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Figure 2. Concentration of thiobarbituric acid (TBARs) in erythrocytes in the control 
group (CG), aerobic training (AT), resistive training (RT) and concurrent training (CT) 
at the end of the experiment. Values expressed by mean and standard error. *Significant 
difference in relation to CG. 
 

 
Figure 3. Concentration of hydrogen peroxide (H2O2) in erythrocytes in the control 
group (CG), aerobic training (AT), resistive training (RT) and concurrent training (CT) 
at the end of the experiment. Values expressed by mean and standard error. *Significant 
difference in relation to CG. 
 

To evaluate the antioxidant capacity the levels of the following enzymes were 
measured: catalase (CAT), glutathione peroxidase (GPx) and superoxide dismu-
tase (SOD). Figure 4(a) shows the concentration values of CAT. In this figure 
we can observe that the three physical training protocols did not change the le-
vels of CAT in erythrocytes in Wistar rats. By contrast, in Figure 4(b) (concen-
trations of GPx) and Figure 4(c) (concentrations of SOD) all the trainings were 
effective in increasing concentrations of these enzymes. 

In order to evaluate the redox state in erythrocytes, we measured the ratio 
between the amount of reduced glutathione (GSH) and oxidized glutathione 
(GSSG). In this evaluation, it was not found significant difference between 
groups (Figure 5).  
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(a) 

 
(b) 

 
(c) 

Figure 4. (a) Activity of enzymes Catalase (CAT); (b) GlutathionePeroxidase (GSH-GPx); 
(c) Superoxide Dismutase in erythrocytes in the control group (CG), aerobic training 
(AT), resistive training (RT) and concurrent training (CT) at the end of the experiment. 
Values expressed by mean and standard error. *Significant difference in relation to CG. 
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(a) 

 
(b) 

 
(c) 

Figure 5. Activity of the enzymes reduced glutathione (GSH), oxidized glutathione 
(GSSG) and reduced/oxidized ratio (GSH/GSSG) in erythrocytes in the control group 
(CG), aerobic training (AT), resistive training (RT) and concurrent training (CT) at the 
end of the experiment. Values expressed by mean and standard error. *Significant differ-
ence in relation to CG. 
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5. Discussion 

Since the time when the researchers have found that a session of physical exer-
cise promotes an increase in reactive oxygen species (ROS), several studies aim-
ing to investigate the effect of exercise training on these variables have been 
made. There are some studies showing that exercise training can promote a de-
crease in state of oxidative stress, i.e., may reduce levels of lipid peroxidation and 
ROS, but also increase the antioxidant system [7] [35]. These benefits can occur 
either by aerobic training [18] [19] [20] [36] as by the resistive training [18] [21] 
[22] [23]. A combination of stimuli (aerobic and resistive) in animal models had 
not been studied, so the differential of this study was to investigate the effect of 
three different protocols (aerobic, resistive and concurrent) on markers of oxi-
dant systems (H2O2 concentrations and TBARs) and antioxidant (CAT, SOD, 
GSH-GPx and GSH/GSSG). 

In the present study we analyzed the concentrations of lipid peroxidation by 
the method of analysis of substances formation which react to thiobarbituric ac-
id (TBARs). TBARs is a molecule formed in the early lipid peroxidation of po-
lyunsaturated fatty acids when they are attacked by radicalar and not radicalar 
species. Although the TBARs measurement test is very unspecific, it can provide 
an idea about the process of lipid peroxidation [37]. In our study, the different 
training protocols did not cause changes in lipid peroxidation in erythrocytes in 
Wistar rats under resting conditions. 

Moreover, studies according to Sertuk et al. [12] andOztsan et al. [20] using 
protocols of aerobic training on a treadmill observed no changes in the levels of 
lipid peroxidation in erythrocytes of rats in the resting condition. Therefore 
training protocols used in these studies have demonstrated efficacy in not al-
lowing an increase in lipid peroxidation marker after exhaustive exercise. A li-
mitation of our study is that we did not perform the evaluations after acute exer-
cise. Possibly training protocols could lead to cellular adaptation which would 
promote a lower lipid peroxidation after acute bout of exercise. Corroborating 
our findings, Araújo et al. (2010) have found effects of different training proto-
cols (25% above and below the maximal lactate steady state) in the levels of lipid 
peroxidation in erythrocytes and have verified that physical training protocols, 
either aerobic or anaerobic, do not promote changes in the levels of marker of 
lipid peroxidation. 

Another evaluation performed in order to measure the levels of pro-oxidant 
molecules was hydrogen peroxide (H2O2). It is known that high levels of ROS 
promote harmful effects on cells compromising its functions [2] [3]. In contrast, 
physiological levels of these substances are necessary for distinct cellular signal-
ing pathways [4] [5] [6] [7]. No physical training protocol promoted changes in 
this variable. 

A lower ROS production is not enough to get a protected cellular redox state, 
but it is also necessary that the antioxidant system would be with its full func-
tionally to protect cells from damaging effects caused by ROS [38]. For this rea-
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son, to examine the effect of different protocols in the antioxidant capacity, we 
analyzed the activity of the enzymes superoxide dismutase (SOD), glutathione 
peroxidase (GSH-GPx), catalase (CAT) and the ratio between reduced gluta-
thione (GSH) and oxidized glutathione (GSSG). 

Regarding the antioxidant enzymes SOD and GSH-GPx, it was found signifi-
cant increases for all physical training protocols studied, although no differences 
were found in CAT concentrations in animals of trained groups compared to the 
sedentary group. The SOD enzyme has the function of dismutate the superoxide 
radical (O2•-) in hydrogen peroxide (H2O2), which can subsequently be cata-
lyzed by enzymes CAT and GSH-GPx, being converted into water and molecular 
oxygen. The results of this study are in agreement with some studies in the lite-
rature, showing that training can increase the activity of SOD in erythrocytes 
[39] and other tissues [40] [41]. 

Increased levels of GSH-Px caused by the three physical training protocols are 
consistent with some studies. According to Oztasan et al. [20] and Miyazaki et 
al. [39] aerobic physical training promotes significant increases in the levels of 
GSH-GPx in erythrocytes in rats. This effect caused by training in the activity of 
SOD and GSH-GPx, probably occurs in response to oxidative stress induced by 
several consecutive sessions of exercise. According to Tiidus et al. [42] and Go-
mez-Cabrera et al. [43] regular physical training, whether aerobic or resistive, 
stimulates the increase in concentrations of protein kinase 5’ adenosine mono-
phosphate (AMPK) cellular, which is responsible for triggering the activation of 
nuclear factor kappa B (NF-kB). This transcription factor NF-kB is responsible 
for triggering a variety of genes, including SOD and GSH-Px, resulting in a 
possible adaptation arising of training protocols used in this study.  

The effect of training on antioxidant enzymes, mainly catalase activity and 
expression is still inconsistent and controversial. Pinho et al. [44] have found that a 
12-week training increases levels of SOD and reduces levels of CAT, thus pro-
posing that an overload could occur in the formation of H2O2 possibly causing 
harmful effects on cells due to the ease of peroxide to react with transition met-
als and generate hydroxyl radical which is the most reactive existing radial [45]. 
These authors have not reported the existence of a redox imbalance, since levels 
of the activity GSH-GPx and H2O2 were not measured in this study.  

However, in our study, we measured the activity of GSH-GPx and found sig-
nificant increases in all trained groups (aerobic, resistive and concurrent). The 
GSH-GPx and CAT possess similar functions with regard to the decomposition 
of H2O2. In relation to this aspect, the GSH-GPx is more activated in the pres-
ence of high concentrations of H2O2, whereas CAT performs an important func-
tion in the presence of low concentrations of H2O2 [46]. One hypothesis for the 
results aforementioned is that physical training performed five times per week 
with a high amount (in the three protocols) provided an adaptive effect on the 
redox balance of antioxidants, making the high concentrations of H2O2 to suffer 
primarily action from GSH-GPx. 
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Other variables measured in our study were the concentrations of GSH, GSSG 
and GSH/GSSG ratio, which were not modified by any of the physical training 
protocols. The ratio between GSH and GSSG represents the cellular redox state, 
since the GSH plays a multifunctional role in protecting tissues against oxidative 
damage during exercise assisting in the direct removal of H2O2 being trans-
formed into GSSG, and is also used in preventing lipid peroxidation [47]. There 
are studies that have demonstrated that exercise training can promote an in-
crease in GSH content and reduce GSSG muscular [47] [48]. In contrast, studies 
have reported a reduction in GSH content in rat soleus muscle after training [49] 
or increase in GSH and GSSG enzymes, leading to maintenance of GSH/GSSG 
ratio in erythrocytes [50].  

Furthermore, is worth emphasizing that the GSH synthesis in skeletal muscle 
occurs at low rates, thus promoting an import of GSH by muscle coming from 
the plasma and/or erythrocytes. Muscle tissue not only is capable of importing 
GSH, but also exporting GSSG. Thus, if the GSH consumption rate exceeds the 
production rate, a maintenance may occur or even a decrease in the GSH/GSSG 
ratio post-training in erythrocytes, so that skeletal muscle may combat internal 
oxidative stress [47]. This phenomenon may explain the increase in certain an-
tioxidant variables and the maintenance of GSH/GSSG ratio in erythrocytes in 
all training protocols used in our study. 

The initial hypothesis of the study was that concurrent training should induce 
an adaptation of the antioxidant system that would overcome the aerobic and 
resistive protocols separately, depending on the stimulation of production of 
reactive oxygen species. But this study showed a similar adaptation in the three 
training protocols used. Possibly the adaptations of the antioxidant system are 
induced by the amount of training and not specifically by stimulation of each of 
the training protocols. According to this hypothesis and with the results afore-
mentioned Tromm et al. [51] have verified the effect of two and three days per 
week of aerobic training, and have observed that only the protocol of three days 
promoted adaptations in the antioxidant system and the protocol of two days 
was not enough to promote the benefits resulting from physical training. 

6. Conclusion 

Therefore, we can conclude that the three physical training protocols promote 
an increase in antioxidant enzymes without alteration of pro-oxidant markers 
and modifications in redox balance. 
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