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Abstract The aim of the present study was to determine
whether low-level laser therapy (LLLT) in conjunction with
aerobic training interferes with oxidative stress, thereby
influencing the performance of old rats participating in swim-
ming. ThirtyWistar rats (Norvegicus albinus) (24 aged and six
young) were tested. The older animals were randomly divided
into aged-control, aged-exercise, aged-LLLT, aged-LLLT/ex-
ercise, and young-control. Aerobic capacity (VO2max0.75)
was analyzed before and after the training period. The exercise
groups were trained for 6 weeks, and the LLLTwas applied at
808 nm and 4 J energy. The rats were euthanized, and muscle
tissue was collected to analyze the index of lipid peroxidation
thiobarbituric acid reactive substances (TBARS), glutathione
(GSH), superoxide dismutase (SOD), and catalase (CAT) ac-
tivities. VO2

0.75max values in the aged-LLLT/exercise group
were significantly higher from those in the baseline older
group (p <0.01) and the LLLT and exercise group (p <0.05).
The results indicate that the activities of CAT, SOD, and GPx
were higher and statistically significant (p <0.05) in the
LLLT/exercise group than those in the LLLT and exercise
groups. Young animals presented lesser and statistically

significant activities of antioxidant enzymes compared to the
aged group. The LLLT/exercise group and the LLLT and ex-
ercise group could also mitigate the concentration of TBARS
(p>0.05). Laser therapy in conjunction with aerobic training
may reduce oxidative stress, as well as increase VO2 0.75max,
indicating that an aerobic exercise such as swimming in-
creases speed and improves performance in aged animals
treated with LLLT.
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Introduction

In the aging process, accumulation of mitochondrial DNA
mutations, impairment of oxidative phosphorylation, and
an imbalance in the expression of antioxidant enzymes
results in an overproduction of reactive oxygen species
(ROS). This mitochondrial dysfunction-elicited ROS pro-
duction forms a cycle, which is the basis of mitochondrial
free radical theory of aging [1]. Reactive oxygen species
may play a role in the neuromuscular degeneration pro-
cess, with a constant loss of fibers and muscle function
[2]. This could be more pronounced in the elderly popu-
lation in whom a sedentary lifestyle and age-related phys-
iological dysfunctions could impair antioxidant defenses
and increase susceptibility to oxidative stress and muscle
damage [3].

Exercise represents the physical stress that transiently
disrupts homeostasis, and the skeletal muscle is most di-
rectly affected by physical activity. Studies have indicated
that exercise may induce structural damage to muscle cells
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and the production of metabolic by-products, such as lac-
tate and ROS [4]. However, research has claimed that
physical training increases the activity of the antioxidant
enzymes superoxide dismutase (SOD) and glutathione per-
oxidase (GPx) that help combat free radical formation of
oxidative metabolism [5]. Although there is some incon-
sistency within the literature, it is clear that both aerobic
and anaerobic exercises can increase free radical produc-
tion, which may cause acute oxidative stress. However, the
extent of redox homeostasis disturbance induced by an
acute bout of exercise depends on many factors, includ-
ing inter alia, exercise mode, intensity and duration, par-
ticipant’s state of training, gender, age, and nutritional
habits [3].

Low-level laser therapy (LLLT) has also been used to boost
repair processes by reducing pro-inflammatory markers, in-
cluding tumor necrosis factor (TNF)-α and interleukin
(IL)1-β, as well as increasing anti-inflammatory cytokines,
such as IL-10 [6–8].

More recently, researchers have shown that in addition
to the modulatory effects of LLLT on inflammatory pro-
cesses, LLLT also reduces creatine kinase levels immedi-
ately after exercise [9]. LLLT also acts on the markers of
oxidative stress, such as protein carbonyls, SOD, and thio-
barbituric acid reactive substances (TBARS) [10], in addi-
tion to delaying muscle fatigue and improving physical
performance [11–15].

Based on anti-inflammatory properties of exercise training
and LLLT, we aimed to determine whether LLLT in associa-
tion with aerobic training interferes with oxidative stress, thus
influencing the performance of aged rats subjected to exercise.

Materials and methods

Experimental animals

Thirty Wistar rats (Norvegicus albinus) were used in this
study, with groups consisting of 24 aged animals
(24 months old; mean body weight, 517.7 ± 27.54 g) and
six young animals (12 weeks old; mean body weight, 266,
19:30 0 ± g). The animals were acquired from the animal
facility of the Federal University of São Paulo (UNIFESP),
where they were housed and kept under controlled light
and temperature, and with water and food Bad libitum^.
All experimental procedures were carried out in accor-
dance with the standards established by the Brazilian
College for Animal Experimentation (COBEA). The ani-
mals were handled in compliance with the national guide-
lines for the humane treatment of laboratory animals, and
all experimental procedures were approved by the
Research Ethics Committee of the UNIFESP.

Experimental groups

The 24 aged animals were randomly divided into four groups,
with six animals per group:

1. Aged-control group with no LLLT irradiation and no ex-
ercise training

2. Aged-LLLT group (GLI) treated with LLLT irradiation
and no exercise training

3. Aged- Exercise group (GLTI) no treated with irradiation
and subjected to exercise training

4. Aged-LLLT/exercise group (GLTI) treated with irradia-
tion and subjected to exercise training

Furthermore, an additional experimental group (young-
control group with no LLLT irradiation and no exercise
training) included six young animals.

Functional fitness assessment (maximal oxygen uptake,
VO2max)

Functional fitness was assessed using a motorized treadmill
coupled with a gas analyzer (Panlab; Harvard Bioscience
Company, MA, USA) in which VO2 and VCO2 were con-
tinuously recorded. Three days prior to testing, the rats were
introduced to the treadmill for 15 min (5-min stages) as
follows: day one 25 cm/s, 35 min/s, and 35 cm/s; day two
25 cm/s, 45 min/s, and 55 cm/s; and day three 25 cm/s,
55 min/s, and 65 cm/s. To evaluate VO2max, each rat per-
formed a 2-min warm-up at 25 cm/s, with the treadmill
speed increased by 9 cm/s every 2 min until physical ex-
haustion occurred. The VO2max was calculated as an allo-
metric score (mL/kg0.75/min), which is the VO2max/lean
body mass ratio and was performed before and after exercise
training [16].

Exercise training

The exercise training consisted of swimming in a custom-built
fiberglass pool (diameter, 130 cm; and height, 80 cm). The
water was heated with a gas heating system from 32 to 34 °C.
The training protocol was divided into two phases:

1. Adaptation: On the first day of exercise, the animals
swam for 15 min, and the times increased by 15 min on each
subsequent day until the sixth day when the animals were able
to swim for 90 min.

2. Main training: The training time was maintained at
90 min, 6 times a week for 6 weeks.

Low-level laser application

The DMC Photon Laser III ® (DMC, Sao Carlos, SP, Brazil)
system was used for irradiation under the parameters in
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Table 1. The laser was applied transcutaneously, and the irra-
diation was performed at three anatomical locations for 40 s/
location in the central, proximal, and distal area of the gastroc-
nemius muscle10. Laser was applied before every training ses-
sion for both groups (those that underwent exercise training
and the group that received LLLT only).

Euthanasia

At the end of the 6-week training period, the animals from
each group were identified, weighed, and euthanized by de-
capitation according to the protocol detailed in the Report of
the AVMA Panel on Euthanasia [17].

The gastrocnemius was collected immediately after eutha-
nasia. The incised areas were surgically removed with a 1-cm
margin of skin surrounding the lesion to the depth of the
fascia. The muscle (two from each animal) was frozen for
subsequent analysis, including measurement of the index of
lipid peroxidation TBARS, glutathione (GSH), SOD, and cat-
alase (CAT) activities.

Biomarkers of oxidative stress

In order to verify the antioxidant status, enzyme activities of
CAT, SOD, and GPx were determined in the gastrocnemius.
As an indicator of lipid peroxidation (damage to the muscle
membrane), we determined the concentrations of substances
that react with TBARS in the same tissue, based on the pro-
tocol reported by [18].

Catalase

To determine the level of CAT activity, tissue samples were
placed on ice in Eppendorf tubes containing 1 mL of 0.05 N
phosphate buffer (composition in g/L KH2PO4, 1.34 and 2H2
NaHPO4, 7, 1), sonicated, and centrifuged at 10,000 rpm for
5 min. The supernatant was separated and stored at −20 °C for
subsequent analysis using commercial kits (Cayman
Chemical®, Michigan, USA).

Superoxide dismutase and glutathione peroxidase

For determination of GPx and SOD activities, tissue samples
were washed once with PBS (pH 7.4) containing heparin

(0.16 mg/mL) to remove blood cells. Immediately after the
samples were homogenized (on ice) in 1 mL of HEPES buffer
(20 mM, pH 7.2) (containing 1 mM of EGTA, 7 mM of man-
nitol, and 210 mM of sucrose), they were centrifuged for
15 min at 10,000 rpm (4 °C). The supernatant was separated
and stored at −20 ° C for subsequent analysis of total SOD
(cytoplasmic and mitochondrial) and GPx using commercial
kits (Cayman Chemical®, Michigan, USA).

Biomarkers of lipid peroxidation

Concentrations of thiobarbituric acid

For the determination of TBARS concentrations, tissue sam-
ples were placed on ice in an Eppendorf container containing
1.5 mL of 0.05 N phosphate buffer (composition in 1.34 g/L
of KH2PO4, 7 g/L of NaHPO4 and 1 g/L of 2H2O) in
POLYTRON® homogenized and centrifuged for 5 min at
10,000 rpm. The supernatant was then separated and stored
at −20 ° C for subsequent analysis using commercial kits
(Cayman Chemical®, Michigan, USA).

Statistical analysis

Statistical analyses were performed using GraphPad Prism 4.0
(GraphPad Software Inc., San Diego, CA, USA). The post-
training VO2max values and the biomarkers of oxidative
stress were compared using a one-way ANOVA with a
Tukey post hoc test. Data were expressed as mean± standard
deviation, and differences with p values <0.05 were consid-
ered significant.

Results

Functional fitness assessment (maximal oxygen uptake,
VO2max)

Assessment of cardiopulmonary function was conducted
using a standard approach before and after the swim training.
In the comparison between the control group and the young-
aged control group for values of VO2max 0.75 at baseline, the
aged groups that received the intervention (LLLT/exercise,
LLLT, or exercise). We also present results of the average

Table 1 Summary of the laser parameters

Wave length (nm) Output power (mW) Power density (W/cm²) Laser beam (cm²) Energy density (J/cm²) Energy per point (J) Irradiation time
per point (sec)

808 100 1.071 0.028 144 4 40
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speed of the animals at baseline and after the intervention
(Fig. 1).

Biomarkers for oxidative stress

Activity of catalase

The mean values (μmol/min/mg) of CAT were as follows:
young group, 0.75 ± 0.1; aged, 0.32 ± 0.09; aged
LLLT/exercise, 1.50 ± 0.18; aged-LLLT, 0.64 ± 0.19; and
aged-exercise, 1.1±0.13. CAT levels in the aged rats were
significantly different from that in young group (p<0.05) be-
fore training. CATenzyme levels were not significantly higher
in the aged group before training than in the intervention
group (LLLT/exercise, LLLT or exercise) (p < 0.05 and
p<0.01). CAT enzyme levels were higher in the groups that
received the interventions (LLLT/exercise, LLLT, or exercise)
(p<0.05). These results demonstrate an increase of 78.6 % in
CAT activity in the LLLT/exercise group compared to that in
the aged-control group and an increase of 70.9 % in the

exercise group compared with that in the aged-control group
(Fig. 2).

Activity of superoxide dismutase

The mean concentrations of SOD (U/mL) were as follows:
young group, 9.8±2.1; aged, 4.1±1.4; aged-LLLT/exercise,
15.3 ± 1.8; aged-LLLT, 9.4 ± 2.0; and aged-exercise, 10.1
±1.7. SOD levels in the aged rats was significantly different
from that in the young group (p<0.05) before training and
was significantly different between the young group (no train-
ing) and the aged LLLT/exercise group (p <0.01). When com-
paring the aged group before training with the groups that
underwent interventions (LLLT/exercise, LLLT, or exercise),
all showed significantly higher values (p<0.05 and p<0.01).

Fig. 1 Comparison of the mean and standard deviation on functional
fitness assessment (maximal oxygen uptake, allometric VO2 máx0.75),
*p < 0.05 and **p < 0.01 and, using Tukey’s test with comparisons
against the Young-Control group; #p < 0.05 and ##p < 0.001 using
Tukey’s test with comparisons against the Aged-Control group;
p < 0.05 using Tukey’s test comparing the LLLT-exercise group with
the Aged-LLLT group and exercise group

Fig. 2 Comparison of the mean and standard deviation the activity of the
Catalase enzyme (CAT) in the gastrocnemius muscle of the young and
aged animals. a Represents the activity of the enzyme CAT after 6 weeks
of aerobic training through swimming, where *p < 0.05 and **p < 0.001,
using Tukey’s test with comparisons against the Young-Control group;
#p < 0.05 and ##p < 0.001 using Tukey’s test with comparisons against the
Aged-Control group; p< 0.05 using Tukey’s test comparing the LLLT-
exercise group with the Aged-LLLT group and exercise group and
λp < 0.05 using Tukey’s test comparing the LLLT group vs exercise
group. b Represents the perceptual increased activity of the enzyme
relative to the control group Aged
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There was an elevation in SOD levels in the groups that re-
ceived the interventions (LLLT/exercise) LLLT (p<0.05) and
exercise. These results demonstrate an increase of 73.2 % in
the activity of SOD in the LLLT/exercise group compared to
that in the aged-control group and an increase of 59.4 % in the
exercise group compared with that in the aged-control group
(Fig. 3).

Activity of glutathione peroxidase

The mean concentrations of GPx (nmol/min/100 mg) were as
follows: young group, 12.0±1.9; aged, 6.2±1.6; aged-LLLT/
exercise, 17.3± 1.4; aged-LLLT, 10.4±2.1; and aged-exer-
cise, 13.1±1.2. GPx levels in the aged rats were significantly
different from that in the young group (p<0.05) before train-
ing and between the young group (no training) and the aged

LLLT/exercise group (p<0.01). When comparing the aged
group before training with the groups that received the inter-
vention (LLLT/exercise, LLLT, or exercise), all showed sig-
nificantly higher values (p<0.05 and p<0.01). There was an
elevation in GPx associated with the interventions
(LLLT/exercise, LLLT (p <0.05), or exercise. These results
demonstrate an increase of 64.1 % in GPx in the LLLT/
exercise group compared with that in the aged-control group
and an increase of 52.6% in the exercise group compared with
that in the aged-control group (Fig. 4).

Biomarkers of lipid peroxidation

Concentrations of thiobarbituric acid

The mean concentrations of TBARS (nmolMDA/mg) were as
follows: young group, 10.0 ± 1.1; aged, 18.2 ± 2.4; aged-
LLLT/exercise, 7.3 ± 1.8; aged-LLLT, 9.3 ± 1.8); and aged-

Fig. 3 Comparison of the mean and standard deviation the activity of the
Superoxide Dismutase (SOD) in the gastrocnemius muscle of the Young
and Aged animals. a Represents the activity of the SOD after 6 weeks of
aerobic training through swimming, where *p< 0.05 and, using Tukey’s
test with comparisons against the Young-Control group; #p < 0.05 and
##p < 0.001 using Tukey’s test with comparisons against the Aged-
Control group; p < 0.05 using Tukey’s test comparing the LLLT-
exercise group with the Aged-LLLT group and exercise group. b
Represents the perceptual increased activity of the enzyme relative to
the control group Aged

Fig. 4 Comparison of the mean and standard deviation the activity of the
Glutathione Peroxidase (GPx) in the gastrocnemius muscle of the young
and aged animals. a Represents the activity of the GPx after 6 weeks of
aerobic training through swimming, where *p< 0.05 and, using Tukey’s
test with comparisons against the Young-Control group; #p < 0.05 and
##p < 0.001 using Tukey’s test with comparisons against the Aged-
Control group; p < 0.05 using Tukey’s test comparing the LLLT-
exercise group with the Aged-LLLT group and exercise group
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xercise, 11.1±1.6. The TBARS levels in the aged rats were
significantly different from that in the young group (p<0.01)
before training and between the young group (no training) and
the aged-LLLT/exercise group (p<0.01). When comparing
the aged group before training with the groups that received
the intervention (LLLT/exercise, LLLT, or exercise), all
showed minor significant differences (p<0.05 and p<0.01).
Furthermore, the association between LLLT and exercise re-
sulted in minor significant differences in TBARS compared
with that in the aged-LLLT group and the aged-exercise group
(p<0.05) (Fig. 5).

Discussion

Aging is connected to oxidative stress, and the literature
indicates that aerobic physical activity can improve cardio-
respiratory function in the elderly and is important in the
control of chronic diseases such as high blood pressure and
diabetes mellitus. However, there is controversy in the litera-
ture regarding the role of physical exercise in oxidative stress.
According to several studies, LLLT reduces oxidative stress
markers and improves the defenses of antioxidants in several
clinical and experimental circumstances. Furthermore, recent
studies have shown that LLLT may improve the physical per-
formance of top athletes and can alleviate muscle fatigue. In
the current study, we hypothesized that LLLT in conjunction
with aerobic training may be an effective approach to reduce
oxidative stress markers in skeletal muscle, and that LLLT
plus swim training could improve the functional performance
of older rats. Although physical activity of moderate-to-high
intensity can generate oxidative stress at different magnitudes
[19], the literature does not provide a consensus. In some

cases, it has been shown to increase oxidative stress in aerobic
and anaerobic exercises, while other studies have shown that
TBARS levels remain unchanged in response to both types of
exercises [20].

The VO2max values presented in the current study point to
an improvement in aerobic performance with LLLTassociated
with exercise (i.e., swimming) in aged rats. This group
(LLLT/exercise) had a higher VO2max 0.75 than the other aged
and young groups that received either only training or LLLT.
During exercise, many physiological systems dynamically in-
teract with each other [21]; among these are the cardiopulmo-
nary interactions and the muscle’s ability to utilize oxygen
[22]. The VO2max is accepted and regarded as the best mea-
sure to determine cardiovascular stability and the ability to
perform physical exercise [23]. Although VO2max has been
shown to decline with age in some studies (at a rate of approx-
imately 10 % per decade in sedentary participants), other in-
vestigators have reported that neither stroke volume nor max-
imal cardiac output decreases with age. Furthermore, some
research has also indicated that there is no evidence of reduced
oxygen extraction in older versus younger individuals [24].

Our results corroborate the above authors [24, 25] consid-
ering that the comparison of VO2max0.75 between the young
and elderly control groups were higher than in the young
groups. However, our results demonstrated a significant in-
crease in VO2max in the LLLT and exercise groups, as the
group held only exercise training for swimming.

A clinical study by [10] evaluated the effects of LLLT on
exercise performance (VO2max, time to exhaustion, aerobic
threshold, and anaerobic threshold), oxidative stress, the
levels of antioxidant enzymes (SOD and CAT), and muscle
status in humans (creatine kinase and lactate dehydrogenase).
In a double-blind placebo-controlled randomized crossover

Fig. 5 Comparison of the mean
and standard deviation the
concentrations the thiobarbituric
acid (TBARS) in the
gastrocnemius muscle of the
young and aged animals.
Concentrations of the TBARS
after 6 weeks of aerobic training
through swimming, where
**p< 0.01 and, using Tukey’s test
with comparisons against the
Young-Control group; #p < 0.05
and ##p< 0.001 using Tukey’s test
with comparisons against the
Aged-Control group; p< 0.05
using Tukey’s test comparing the
LLLT-exercise group with the
Aged-LLLT group and exercise
group
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trial with 22 untrained male volunteers subjected to irradiation
by LLLT, the authors analyzed exercise performance
(VO2max, time to exhaustion, aerobic threshold, and anaero-
bic threshold), levels of oxidative damage to lipids and pro-
teins, the activities of the antioxidant enzymes SOD and CAT,
and markers of creatine kinase muscle damage and lactate
dehydrogenase. They concluded that the use of LLLT before
a progressive-intensity running exercise increased exercise
performance and decreased exercise-induced oxidative stress
and muscle damage. This suggests that the modulation of the
redox system by LLLTcould be related to the delay in skeletal
muscle fatigue observed after the use of LLLT.

Reactive oxygen species, such as superoxide anions
(O2·−) and hydroxyl radicals (OH·−), cause the oxidation
of membrane phospholipids, proteins, and DNA, and such
modifications have been implicated in a variety of patho-
logical conditions. Under physiological conditions, the toxic
effects of an increase in free radicals can be prevented by
antioxidant enzymes, such as SOD, GPx, and CAT, and by
non-enzymatic antioxidants. However, when there is an ex-
cess production of free radicals, oxidative stress has deleteri-
ous effects on the structural and functional integrity of cells
and tissues [26]. The results of the current study for the anti-
oxidant activity of LLLT/exercise, LLLT, and exercise only
showed an increase in activity of CATand SOD. These results
were further confirmed by the analysis of GPx.

In the present study, we observed that the aged group pre-
sented higher mean TBARS concentrations than the exercise
group, LLLT group, and LLLT/exercise group that indicates a
reduction of lipid peroxidation in the membrane of the muscle
fiber in the intervention group. The LLLT/exercise condition
also resulted in an increase in the activity of antioxidant en-
zymes (CAT, SOD, and GPx), in addition to a decrease in the
concentration of TBARS in the gastrocnemius muscle of the
aged rats.

CAT found in the peroxisomes plays a specific role in
metabolizing hydrogen peroxide, a highly toxic substance
to the cell. SOD has three isoforms in the human body:
SOD1 in the cytoplasm, SOD2 in the mitochondria, and
SOD3 in the extracellular fluid. This enzyme catalyzes
the dismutation (oxidation and reduction redox reaction)
of the superoxide in oxygen and hydrogen peroxide.
GPx, found in the mitochondria, reduces hydroperoxides
to alcohols and hydrogen peroxide to water [18].

Ferraresi et al. [27], reported that phototherapy (LLLT and
light-emitting diode therapy) has been used to combat ROS
and reactive nitrogen species that are produced during physi-
cal exercise. Therefore, this reduces mitochondrial function
that contributes to the reduction of muscle fatigue subsequent-
ly improving muscle performance [25]. conducted a study
with the aim of evaluating the influence of LLLT on the pa-
rameters of oxidative stress and DNA damage in skeletal mus-
cle and plasma of rats with heart failure. They concluded that

laser therapy appears to reduce SOD activity and DCFH oxi-
dation levels, changing the oxidative balance in the skeletal
muscle of HF rats. Otherwise, high doses of LLLT seem to
increase DNA damage.

In a study aimed at analyzing the effects of LLLT on oxida-
tive stress and fibrosis in an experimental model of an Achilles
tendon injury [26], described that LLLT has been reported to
increase SOD levels. The increase in this antioxidant enzyme,
by reducing oxidative stress, could alleviate the injury to the
soft tissue and prevent development of fibrosis. Furthermore
[28], reported that lipid peroxidation can be assessed by
TBARS, a biochemical index of oxidative damage by free rad-
icals. The authors conducted a study to evaluate the effects of
the low-intensity infrared laser on plasma protein content and
oxidative stress in blood and concluded that LLLT increases
plasma protein content and causes oxidative stress, lipid perox-
idation, and increases myeloperoxidase activity, which could
depend on the fluency and frequency, in blood samples.

Although the effects of LLLT on ROS production are still
controversial, it has been suggested that LLLT could enhance
ROS production of human neutrophils by activating the su-
peroxide converting system. LLLT irradiation enables a more
rapid activation of this system; however, laser irradiation has
been demonstrated to reduce oxidative stress in different situ-
ations such as isolated human neutrophils, during abdominal
surgery, and in vitro in liposome membranes [26].

Conclusion and summary

In the current study, there was an improvement in the antiox-
idant defense system in the gastrocnemius of aged animals
that received irradiation with LLLT and aerobic training com-
pared to that in the other groups (exercise, LLLT, and aged-
control groups). These results indicate that regular physical
exercise plus LLLT could be an important strategy to reduce
the supra physiological production of ROS, as its levels in-
crease antioxidant enzyme activity and reduce lipid peroxida-
tion in the gastrocnemius. It is possible that this influenced, at
least partially, the increase VO2max0.75 of the animals tested.
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