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Abstract
Purpose This study examined the effects of photobiomodulation (PBM) associated with endurance running training on 
oxidative stress (OS) markers in untrained men.
Methods Thirty untrained men distributed into a placebo group (PLA) or PBM group (PBMG) performed 8 weeks of run-
ning training, in which the PBMG had the LED application before all training sessions. The PBM was performed by LED 
application using an equipment with 56 diodes of red light (660 nm) and 48 diodes of infrared light (850 nm) with an energy 
dose of 60 J on each of the 5 points. The application was done in two regions of the quadriceps muscle, two regions of the 
biceps femoris, and one region of the gastrocnemius muscle in both legs. The assessments were performed at pre- and post-
training, and the OS markers analyzed were malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD), reduced 
glutathione (GSH) and oxidized (GSSG).
Results PBM associated with running training did not significantly affect the OS markers CAT, SOD, MDA, GSH, and 
reduced GSH/GSSG responses after training. GSSG levels decreased in the PBMG and increased in the PLA, with significant 
difference between the % change values (− 13.5 ± 30.3% vs. 56.3 ± 83.4%; P = 0.043).
Conclusions Therefore, PBM associated with endurance running training did not significantly affect CAT, SOD, MDA, 
reduced GSH, and reduced GSH/GSSG ratio post-training; however, the GSSG increased in PLA group and decreased in 
PBMG, indicating a positive effect of the PBM in this marker of OS.

Keywords Phototherapy · Antioxidants · Lipid peroxidation · Physical endurance

Introduction

Photobiomodulation (PBM), comprising the application of 
light-emitting diodes (LEDs) and as low-level lasers (LLL), 
combined with exercise is effective for improving muscular 
performance and reducing the signs of fatigue by accelerat-
ing the recovery process after exercise [1–4]. The main PBM 

effects were related to the increasing mitochondrial activity 
and ATP synthesis, improvement of tissue repair, decreas-
ing levels of inflammatory markers and pain (e.g., delayed 
muscle soreness), increasing microcirculation, and positive 
effects on reducing oxidative stress (OS) [1–4].

Oxidative stress is related to high levels of reactive oxy-
gen species (ROS) that exceed the capacity of the antioxi-
dant defense system, leading to cell damage [5, 6]. It is well 
established that acute exercise is a factor that induces the 
increase of OS [7, 8]. Concerning the longitudinal effects 
after a period of exercise training, the majority of studies 
have demonstrated that training induces beneficial adapta-
tions related to the reduction of lipid peroxidation mark-
ers and enhancement of the antioxidant defense system [5, 
9, 10]; additionally, a recent systematic review and meta-
analysis conducted by de Sousa et al. [11] investigated the 
effect of exercise on OS parameters and concluded that, 
regardless of the intensity, volume, or type of exercise, the 
antioxidant indicators tended to increase and pro-oxidant 
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indicators tended to decrease after training. However, it is 
important to note that some studies have not demonstrated 
similar changes in OS markers, or reported any OS altera-
tions post-training [12–14].

Furthermore, the OS response to exercise could be attenu-
ated by PBM [15, 16]. Studies have shown that this inter-
vention reported potential effects on counting the increase 
of ROS and malondialdehyde (MDA) and improving the 
antioxidant defense by increasing the superoxide dismutase 
(SOD) and catalase (CAT) activities [15, 16]. For the asso-
ciation of PBM with exercise training, one study with animal 
models showed that the group that performed swimming 
training combined with PBM applied before training ses-
sions showed better results with respect to decreased OS 
than the other control groups [15]. In this context, the use 
of PBM associated with endurance running training would 
attenuate OS, and consequently optimize the physiological 
adaptations. However, it is important to take into account 
that there is no consensus on some parameters related to 
PBM application, and the energy dose applied is one such 
parameter, for which a biphasic dose–response pattern has 
been suggested for tissue stimulation through PBM [17, 18].

Therefore, because the effect of PBM associated with 
endurance running training on OS-related parameters in 
humans is unknown, we aimed to examine the effects of 
PBM associated with endurance running training on OS 
markers in untrained men. We hypothesized that the PBM 
group would report greater results in attenuating OS than 
the placebo group.

Methods

Participants

The sample size was calculated from a priori analysis for 
a group by time interaction comparison (F test; Anova: 
repeated measures, within-between interaction) according 
to an effect size of 0.52 (obtained from a pilot study), power 
of 80% and significance level of 5%. We used the software 
Gpower 3.1 (Düsseldorf, Germany) for the calculation. The 
a priori power analysis revealed a minimal sample of ten 
participants per group (n = 20).

Thus, 30 healthy, young, and untrained men volunteered 
to participate in this study and were randomized in 2 groups. 
Volunteers were excluded if they use regular pharmacologi-
cal agents or nutritional supplements; if they were smoker, 
diabetic, hypertensive, asthmatic and/or present any cardio-
vascular disorder; present body mass index ≥ 30 kg m−2; and 
were engaged in other regular systematic physical training. 
Characteristics of the participants (mean ± SD) were age 
(years): PLA = 27.3 ± 5.2 and PBMG = 27.4 ± 3.7; height 
(m): PLA = 1.8 ± 0.1 and PBMG = 1.8 ± 1.0; body mass 

(kg): PLA = 80.2 ± 10.3 and PBMG = 79.2 ± 7.0; body mass 
index (kg m−2): PLA = 25.7 ± 2.9 and PBMG = 25.3 ± 2.5; 
body fat (%): PLA = 17.2 ± 5.4, PBMG = 17.7 ± 5.7. Prior 
to testing, written informed consent was obtained from all 
the participants, and all procedures and test protocols were 
explained individually to each participant. The protocol was 
approved by the Local Human Research Ethics Commit-
tee (#623.581/2014) and the experiments reported in the 
manuscript were performed in accordance with the ethical 
standards of the Helsinki Declaration.

Design and procedures

The present study was a randomized, double-blinded pla-
cebo-controlled experimental trial. The participants under-
took four visits for baseline assessments (pre-training; week 
1): 1—familiarization with the procedures and anthropo-
metric measurements; 2—blood collection for OS markers; 
3—incremental exercise test to determine peak treadmill 
speed, and 4—constant load test to determine time limit 
 (tlim) at peak treadmill speed. These two running tests were 
used for training prescription. The visits were performed 
under laboratory conditions and the tests were performed 
on a motorized treadmill (Super ATL; Inbrasport, Porto 
Alegre, Brazil). After the baseline assessments, the partici-
pants were randomly distributed in two experimental groups: 
placebo group (PLA) or PBM group (PBMG). Both groups 
performed the same running training program, in which 
the only difference between the groups was that the PBMG 
received the LED application before each training session. 
The running tests were repeated after 4 weeks of running 
training at week 6 to re-prescribe training intensities dur-
ing weeks 7–10 of training, and the blood collection was 
repeated at post-training (week 11).

Measures

Blood collection and biochemical analysis of oxidative 
stress (OS) markers

For the analysis of antioxidant and OS markers, blood sam-
ples (e.g., 6 mL) were collected in tubes containing hepa-
rin from an antecubital vein for each participant between 
7:00 and 9:00 a.m. at baseline (pre-training) and at the end 
of the training period (post-training). Blood sampling was 
performed after 20 min of rest. Participants were in a seated 
position and had fasted overnight for 10 h. In addition, 
they abstained from alcohol and caffeine consumption for 
at least 24 h, and did not perform any exercise for the last 
72 h before the collection [5, 9]. For the diet standardization 
before the blood samples collection, it was applied a 24 h 
food recall during the 2 days preceding the baseline collec-
tion. With this information, a nutritionist prescribed a diet 
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with equivalent nutritional energetic value for the partici-
pants to replicate in the other 2 days before the post-training 
collection [9].

After the blood collection, samples were centrifuged 
at 3000 rpm, 4 °C for 10 min. The plasma samples were 
separated for the lipid peroxidation analysis for the deter-
mination of MDA concentrations, and the erythrocytes were 
used for the measurements of hemoglobin (Hb) concentra-
tions, and for the antioxidant status determination obtained 
from enzyme activities of CAT and SOD and dosages of 
glutathione reduced (reduced GSH) and oxidized (GSSG). 
The plasma samples were analyzed readily or at a maximum 
of 2 days after collection. Erythrocytes were processed and 
stored at − 80 °C until analysis.

The assay for determining the CAT activity was based on 
the spectrophotometric method described by Adamo et al. 
[19], while the SOD activity was based on the spectropho-
tometric method described by Ewing and Janero [20]. The 
activity values were expressed as CAT or SOD units per 
milligram of hemoglobin (U/mg Hb). Glutathione (GSH) 
concentrations were analyzed by high-performance liquid 
chromatography (HPLC) through isocratic elution and 
fluorescence detection developed by Pfeiffer et al. [21] and 
subsequently modified by Da Silva et al. [22]. The GSH 
concentrations were expressed as micromol/g Hb (µmol/g 
Hb) and it was calculated as the reduced GSH/GSSG ratio. 
The thiobarbituric acid reactive substances (TBARS) assay 
to evaluate the MDA levels was based on the spectropho-
tometric method described by Ohkawa et al. [23] and was 
expressed as nanomol of MDA/mL (nmol MDA/mL). Con-
cerning the glutathione samples, we had some problems 
with the equipment during the analysis and the data of eight 
participants for each group were presented in the results.

Endurance running training program

Both groups performed all training sessions on a 400 m out-
door track during the afternoon and evening on Mondays, 
Wednesdays, and Fridays. All training sessions were moni-
tored by session rating of perceived exertion (session-RPE) 
that was derived by asking each participant “How intense 
was your session?” according to the 10-point scale (CR-
10) 30 min after each training session. Training load was 
quantified by multiplying the whole RPE using the 10-point 
scale (CR-10) by its duration; training load was quantified by 
multiplying the whole session-RPE by the training session 
duration (min) [24]. There were two types of training: mod-
erate-intensity continuous training (MICT) (i.e., 75 ± 4% 
of  Vpeak) and high-intensity interval training (HIIT) (i.e., 
100 ± 2% of  Vpeak). The MICT and HIIT were prescribed 
on the basis of peak treadmill speed  (Vpeak) and time limit 
 (tlim) at  Vpeak determined at pre-training and week 6 [25, 26]. 
Table 1 shows the endurance running program performed 

by the participants. The  Vpeak was determined during an 
incremental test with warm-up at 6 km h−1 for 3 min and 
the test started at 8 km h−1 and increased by 1 km h−1 each 
3 min [27, 28]; the  Vpeak was calculated as the velocity of 
the last complete stage added to the completed fraction of 
the incomplete stage [29]. The test to determine the  tlim at 
 Vpeak had a prior warm-up of 15-min at 60% of  Vpeak, and 
then the treadmill velocity was quickly increased to the indi-
vidual  Vpeak [30]; the time of permanency in this intensity 
was considered the  tlim at  Vpeak.

All training sessions were preceded by a 15 min warm-up, 
with 5 min of low self-selected intensity running, 5 min of 
stretching exercises, and 5 min of running at 60% of  Vpeak. In 
total, both groups performed 24 training sessions (12 MICT 
sessions and 12 HIIT sessions), in non-consecutive days, 
during 8 weeks.

Photobiomodulation (PBM)

PBM was performed by LED application with a double blind 
control, in which neither the participant nor the principal 
researcher knew about who received or not the PBM applica-
tion. Therefore, a second researcher who was only respon-
sible for LED application manipulated the LED device and 
applied the PBM. During the application, the participants of 
both groups remained standing using a headset with music 
and blindfolded to avoid identification of the experimental 
group by audible and visual signal from the LED device 
and a second researcher controlled the groups, turning on 
(PBMG) or not (PLA) the LED equipment. PBM was per-
formed immediately before all training sessions [16] in both 
legs simultaneously and had a total duration of two and a 
half minutes. For the LED application, the method used was 
a direct contact of the equipment on the site to be irradiated 
at an angle of 90° to the skin surface [16].

Table 1  Moderate-intensity continuous training (MICT) and high-
intensity interval training (HIIT) used during training sessions for 
both groups

a The number of series of each participant was adjusted for a duration 
of 30 ± 2.5 min (in the first 4 weeks of training) and 40 ± 2.5 min (in 
the second 4 weeks of training)

First 4 weeks of training
 MICT 30 ± 2.5 min at 75 ± 4% of  Vpeak

 HIIT Xa series at 100 ± 2% of  Vpeak 
with duration of 60% of  tlim 
and intervals de 60% do  tlim

Second 4 weeks of training
 MICT 40 ± 2.5 min at 75 ± 4% of  Vpeak

 HIIT Xa series a 100 ± 2% of  Vpeak 
with duration of 60% of  tlim 
and intervals of 60% do  tlim
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The application was done on two regions of the quadri-
ceps muscle, two regions of the biceps femoris, and one 
region of the gastrocnemius muscle, along the axis of muscle 
fibers distribution in both legs, and for 30 s each application 
point [24] LED was applied using the equipment LED multi-
diode with 56 red diodes and 48 infrared diodes  (THOR® 
DD2 control unit). The LED parameters are presented in 
Table 2.

Statistical analysis

Data were presented as mean ± standard deviation (SD) and 
were analyzed using the Statistical Package for the Social 
Sciences 17.0 software. The analysis was made using mixed 
ANOVA for repeated measures followed by Bonferroni as 
a post hoc test for multiple comparisons. The sphericity 
assumption was checked by Mauchly’s test and, where vio-
lations occurred, degrees of freedom were corrected using 
Greenhouse–Geisser. Additionally, it was calculated the per-
centage of change (% change from pre to post-training) for 
each variable; this value was calculated as the mean ± SD 
obtained from the values of percentage of change for each 
participant. The Shapiro–Wilk test was used to check the 
normality of the data distribution for % change values. 
Group comparisons between % change values were per-
formed using t test for independent samples or Mann–Whit-
ney U test for normal and non-normal data, respectively. 
Statistical significance was set at P < 0.05.

Results

A total of 30 participants (15 each group) completed 
the study. There was no age difference between groups 
for all variables evaluated at pre-training (P > 0.05). 
Concerning the training loads obtained from the RPE-
session, the results were similar for both groups for all 

MICT sessions (PLA = 304.7 ± 94.1 arbitrary unit (AU); 
PBMG = 317.9 ± 94.4 AU; P = 0.705) and for all HIIT 
sessions (PLA = 381.0 ± 94.7 AU; PBMG = 373.7 ± 93.7 
AU; P = 0.834). In addition,  Vpeak significantly increased 
post-training in both groups (PLA = 13.4 ± 1.1  km  h−1 
to 14.4  km  h−1 ± 1.0; PBMG = 13.4 ± 1.2  km  h−1 to 
14.6 ± 1.0 km h−1, P < 0.05) and the  tlim did not change 
(P > 0.05) post-training for PLA (6.6 ± 0.7  min to 
6.9 ± 1.1  min) and so did PBMG (6.6 ± 1.1  min to 
6.8 ± 1.2 min).

Tables 3 and 4 show the antioxidant and OS markers eval-
uated at the pre-training and post-training moments. The 
mixed ANOVA for repeated measures did not demonstrate 
significant main effects of the group and time on all markers 
analyzed (P > 0.05). It was found a significant group–time 
interaction for GSSG (P = 0.048); however, multiple com-
parisons indicated no significant differences. For the GSSG, 
the responses after training were inverse in PLA and PBMG 
groups, in other words, increased in one group and decreased 
in other, that is reinforced by the significant difference com-
paring the % changes values of GSSG (P = 0.043).

Discussion

The present study examined the effects of PBM associated 
with endurance running training on OS markers in untrained 
men. The main findings were that there was no significant 
effect of PBM associated with endurance running training 
on modifying the responses of the OS markers, CAT, SOD, 
reduced GSH, and reduced GSH/GSSG ratio; however, the 
levels of GSSG increased in the PLA group and decreased 
in the PBMG, indicating a positive effect of PBM on this 
OS marker.

It is important to note that PBM is a potential interven-
tion that could reduce OS by counting the increase of ROS 
and decreasing the levels of markers, such as MDA, and 

Table 2  Parameters of 
photobiomodulation (PBM) Number of LED diodes: 104 (56 red diodes; 48 infrared diodes)

Wavelength: mixed, 660 nm (red diodes) and 850 nm (infrared diodes)
Frequency: continuous
Optical output (for each diode): 10 mW (660 nm) and 30 mW (850 nm)
LED spot size (each diode): 0.2 cm2

LED cluster size: 46.3 cm2

Power density (for each diode): 50 mW/cm2 (660 nm) and 150 mW/cm2 (850 nm)
Energy density (for each diode): 1.5 J/cm2 (660 nm) and 4.5 J/cm2 (850 nm)
Application time: 30 s at each point
Energy: 60 J at each application point (0.3 J from each 660 nm diode; 0.9 J from each 850 nm diode)
Number of irradiation points per leg: 5
Irradiation points: two regions of the quadriceps, two regions of the biceps femoris, and one region of the 

gastrocnemius
Total energy delivered per leg: 300 J
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improving the antioxidant defense (e.g., CAT, SOD) after 
acute aerobic exercise in humans [2, 16], or after a period 
of endurance training in rats [15]. However, it is important 
to note that this was the first study to have demonstrated 
the effects of PBM associated with running training on OS 
markers in humans.

Our CAT and SOD results did not suggest significant 
effect of PBM. Contrary to our findings, Guaraldo et al. [15] 
who used animal models, and investigated the effects of a 
6-week swimming aerobic training in conjunction with the 
low-level lasers (LLL) application before all training ses-
sions, reported greater and significant improvements in CAT 
and SOD levels in the training groups that received the PBM 
intervention. However, with respect to % change values, the 
levels of these markers increased in the PBM group and 
decreased in the control group (CG) post-training. Guaraldo 
et al. [15] showed an increase of 78.6% in CAT activity in 
the LLL/training group compared to the CG and an increase 
of 70.9% in the training group without LLL application com-
pared to the CG; regarding the SOD activity, an increase of 
73.2% was noted in the LLL/training group compared to 

the CG, and an increase of 59.4% was noted in the training 
group compared to the CG.

Ferraresi et al. [31] and Ferraresi et al. [32] found positive 
effects of PBM associated with resistance training in studies 
with humans and animal models, respectively; in the first 
study, the authors reported that the SOD gene expression in 
the skeletal muscle increased on PBM application compared 
to that in the control after training (1.4 fold vs. 1.0 fold); 
and Ferraresi et al. [32] found higher CAT activity in mice 
groups subjected to PBM application compared to the con-
trols after six strength training sessions (≥ 4.22 nmol/min/
ml vs. 2.11 nmol/min/ml).

Furthermore, both groups presented similar unchanged 
responses mean ± SD MDA concentrations, post-training. 
Two other studies evaluated the changes in MDA levels, 
and while Ferraresi et al. [26] demonstrated that the MDA 
concentrations were similar and not significantly differ-
ent among all the groups after the training program (PBM 
application and controls), Guaraldo et al. [15] reported that 
PBM attenuated the increase in MDA concentrations after 
training with lower values in the LLL/training group than in 

Table 3  Oxidative stress markers at the pre- and post-training for both groups

n 15 each group, PLA placebo group, PBMG PBM group, CAT  activity of catalase, SOD activity of superoxide dismutase, MDA malondialde-
hyde

Pre-training Post-training % Change (pre × post) Time 
effect (F; 
P)

Group 
effect (F; 
P)

Interactiof 
time × group 
(F; P)PLA PBMG PLA PBMG PLA PBMG

CAT (U/
mg Hb)

63.5 ± 29.8 49.6 ± 25.4 45.0 ± 25.4 53.8 ± 29.9 − 18.6 ± 41.7 30.7 ± 89.1 1.395; 
0.248

0.097; 
0.758

3.524; 0.071

SOD (U/
mg Hb)

1.18 ± 0.51 1.06 ± 0.58 1.04 ± 0.57 1.30 ± 1.0 − 2.3 ± 57.3 69.6 ± 148.1 0.212; 
0.649

0.145; 
0.707

2.338; 0.137

MDA 
(nmol/
MDA 
ml)

0.409 ± 0.464 0.307 ± 0.224 0.411 ± 0.357 0.310 ± 0.241 153.4 ± 311.8 66.7 ± 205.4 0.001; 
0.977

1.501; 
0.231

0.001; 0.997

Table 4  Glutathione responses at the pre- and post-training for both groups

n 8 each group, PLA control group, PBMG PBM group, GSH glutathione, GSSG oxidized glutathione
*P < 0.05 compared with PLA

Pre-training Post-training % Change (pre × post) Time effect 
(F; P)

Group effect 
(F; P)

Interactiof 
time × group 
(F; P)PLA PBMG PLA PBMG PLA PBMG

Reduced 
GSH 
(µmol/g 
Hb)

11.1 ± 6.3 13.5 ± 5.7 14.4 ± 3.7 15.2 ± 8.1 84.4 ± 154.3 22.7 ± 74.4 2.011; 0.178 0.431; 0.522 0.218; 0.648

GSSG 
(µmol/g 
Hb)

8.5 ± 2.9 12.2 ± 7.5 12.4 ± 7.9 9.8 ± 4.8 56.3 ± 83.4 − 13.5 ± 30.3* 0.304; 0.590 0.040; 0.844 4.693; 0.048

Reduced 
GSH/GSSG 
ratio

1.26 ± 0.44 1.20 ± 0.44 1.36 ± 0.45 1.53 ± 0.40 24.9 ± 62.6 39.4 ± 55.7 1.459; 0.247 0.195; 0.665 0.413; 0.531
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the training group (7.3 ± 1.8 vs. 11.1 ± 1.6 nmol/MDA/mg). 
However, no previous study has reported the effects of PBM 
on OS markers such as MDA in humans, after a period of 
endurance training.

To the best of our knowledge, this is the first study to 
examine the glutathione concentrations as an OS marker 
after PBM exposure in humans. It is important to mention 
that glutathione binds ROS efficiently, thus preventing the 
increased production of OS in a reaction wherein the reduced 
GSH is oxidized to GSSG via glutathione peroxidase [6, 33]. 
Thus, concerning the significant group–time interaction for 
GSSG wherein an increase was noted in the PLA group and 
a decrease in the PBMG, and that it was found a significant 
difference comparing the % changes values of GSSG, our 
results indicate a beneficial effect of PBM on attenuating 
OS evaluated by this marker. Similarly, Ferraresi et al. [32] 
found that the total GSH content of the muscles was higher 
in the CG than in the groups with animals treated with PBM 
after six strength training sessions, indicating OS.

Some factors related to PBM application can be suggested 
to explain our results concerning the absence of PBM effects 
on the majority of OS markers. It is important to mention 
that many factors could influence the magnitude of PBM 
effects (i.e., biphasic dose–response pattern), such as, for 
example, the dose applied in each site [2]. Among the fac-
tors that influence the PBM effects, the optimal dose to be 
applied prior to aerobic exercise is an important parameter 
that was investigated in a few studies [17, 18]. For example, 
Dellagrana et al. [18] verified the effects of PBM with differ-
ent energy doses (15, 30, and 60 J per site) on physiological 
and performance parameters during running tests and found 
that all PBM doses positively affected the physiological and 
performance parameter. Moreover, it is important to empha-
size that this assumption has not been completely proven 
in the available literature, and further investigations testing 
different doses during endurance training running and ana-
lyzing the effects on markers related to OS, muscle soreness, 
inflammation, and oxidative metabolism are warranted.

Concerning the OS responses in both groups, only one 
measurement (e.g., % change of GSSG) demonstrated a sig-
nificant different response between groups after the training 
period in our study. These responses were different from the 
majority of studies [5, 9–11] that showed a positive effect of 
exercise on OS markers. Contrary to our study, some stud-
ies have not reported similar changes in OS markers post-
training [12, 13]; they have also not reported any alterations 
in OS post-training [14]. Miyazaki et al. [12] found that the 
SOD and glutathione peroxidase activities increased in an 
untrained man after 12 weeks of running training, with no 
significant changes in the CAT activity. Spanidis et al. [13] 
examined the OS markers’ changes during a competitive sea-
son in basketball players, and found that only three markers 
exhibited a similar response between athletes (e.g., GSH); 

however, other markers (e.g., TBARS and CAT) exhibited 
marked variations between the athletes. Additionally, Span-
idis et al. [13] did not found significant correlations of per-
centage changes (i.e., change between phase 1 and phase 2) 
between OS markers (e.g., GSH and CAT markers), reinforc-
ing that the longitudinal changes between OS markers did 
not show good association.

Thus, it is important to emphasize that it is difficult to 
compare the responses of OS biomarkers between stud-
ies because there is a need for the standardization of some 
aspects related to the analysis of OS markers, such as the 
universal criteria for the classification of oxidative stress, 
experimental techniques, laboratory analyses, and measure-
ment units used, so that better conclusions can be reached, 
based on the results obtained [34].

Despite the important findings concerning PBM on OS, 
the present study had some limitations. The glutathione 
results must be examined with caution because these data 
were obtained from a partial sample of 16 participants (8 
from each group), which was smaller compared to the data 
of other biomarkers; we used a different sample for these 
variables, because we had some problems with the equip-
ment during the analysis. Another limitation was the absence 
of another control group with the PBM application only 
without endurance running training. Future studies could 
test different PBM doses during endurance training run-
ning to analyze other biomarkers related to inflammation, 
for example.

Conclusions

Therefore, we concluded that PBM associated with endur-
ance running training did not significantly affect CAT, SOD, 
MDA, reduced GSH, and reduced GSH/GSSG ratio post-
training. However, a significant positive PBM effect was 
demonstrated on GSSG levels, indicated by the decrease of 
this marker in the PBMG and an increase in the PLA group 
post-training.
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