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Low-level laser therapy attenuates the acute inflammatory response induced
by muscle traumatic injury

Paulo Cesar Lock Silveiraa,b, Debora da Luz Scheffera, Viviane Glasera, Aline Pertile Remora,
Ricardo Aurino Pinhob, Aderbal Silva Aguiar Juniora and Alexandra Latinia

aLaboratório de Bioenergética e Estresse Oxidativo – LABOX, Departamento de Bioquı́mica, Universidade Federal de Santa Catarina,
Florianópolis, Brazil; bLaboratório de Fisiologia e Bioquı́mica do Exercı́cio – LaFiBe, Universidade do Extremo Sul Catarinense, Criciúma,
Brazil

ABSTRACT
The purpose of this work was to investigate the effect of early and long-term low-level laser
therapy (LLLT) on oxidative stress and inflammatory biomarkers after acute-traumatic muscle injury
in Wistar rats. Animals were randomly divided into the following four groups: control group (CG),
muscle injury group (IG), CG + LLLT, and IG + LLLT: laser treatment with doses of 3 and 5 J/cm2.
Muscle traumatic injury was induced by a single-impact blunt trauma in the rat gastrocnemius.
Irradiation for 3 or 5 J/cm2 was initiated 2, 12, and 24 h after muscle trauma induction, and the
treatment was continued for five consecutive days. All the oxidant markers investigated. namely
thiobarbituric acid-reactive substance, carbonyl, superoxide dismutase, glutathione peroxidase, and
catalase, were increased as soon as 2 h after muscle injury and remained increased up to 24 h.
These alterations were prevented by LLLT at a 3 J/cm2 dose given 2 h after the trauma. Similarly,
LLLT prevented the trauma-induced proinflammatory state characterized by IL-6 and IL-10. In
parallel, trauma-induced reduction in BDNF and VEGF, vascular remodeling and fiber-proliferating
markers, was prevented by laser irradiation. In order to test whether the preventive effect of LLLT
was also reflected in muscle functionality, we tested the locomotor activity, by measuring distance
traveled and the number of rearings in the open field test. LLLT was effective in recovering the
normal locomotion, indicating that the irradiation induced biostimulatory effects that accelerated
or resolved the acute inflammatory response as well as the oxidant state elicited by the muscle
trauma.
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Introduction

Since the mid-1960s [1], light energy has been used as a

therapy for inflammatory processes and cell tropism,

opening a new field in the interaction of electromag-

netic energy with biological tissue. Photobiostimulation

is the mechanism by which low-level laser therapy (LLLT)

activates cellular function without causing significant

tissue-level heating. LLLT can stimulate or inhibit certain

biological process depending on the tissue type and the

dose of the irradiation used. LLLT has been widely used

to accelerate the resolution of inflammatory processes,

skin wound repairing, rheumatic diseases, muscle

injury, neuromuscular, and sports disorders, among

others [2–6].

Regarding muscle damage, LLLT has shown to improve

the process of muscular regeneration by promoting the

generation of new myofibers [7,8] and by activating

cellular processes linked to the stimulation of the

antioxidant defenses and higher mitochondrial efficiency

[9,10]. In this context Karu et al. [11] demonstrated that

laser radiation is absorbed through mitochondrial

chromophores, including complexes I and IV of the

respiratory chain. Currently, it is understood that the

photoactivation of mitochondrial components that are

sensitive to the light laser can cause a transient activation

in the respiratory chain components [12]. This enhanced

mitochondrial capacity would provoke beneficial

changes in the cellular redox state of both the cytoplasm

and mitochondria, which may include increasing Krebs

cycle turnover, with further production of ATP, and

therefore protein synthesis and cell proliferation [13,14].

In addition, there is evidence demonstrating that LLLT

reduces the production of reactive oxygen species (ROS)

that occurs during the acute phase of skin and muscle

injury [15–18]. Moreover, the reduction of ROS appears
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to be also involved in the anti-inflammatory effect of

LLLT by reducing the activation of the transcription

factor nuclear factor kappa B (NF-B) and the downstream

interleukins, IL-1b and IL-6 [19,20]. These molecular

mechanisms would accelerate the capillary hydrostatic

pressure edema resorption and elimination of chemical

mediator of inflammation [21].

After the initial muscle injury, oxidative stress could

be increased due to a number of potential sites for ROS

generation within the traumatized muscle [22]. Primary

sources for free radicals may include mitochondria,

xanthine oxidase enzymes, prostanoid metabolism, and

NAD(P)H oxidases [23]. Additionally, the inflammatory

status-associated cytokines will further promote the

migration, proliferation, and survival of various cell

types at the injury site, whereas the inflammatory cells

will be responsible for the phagocytosis of cell debris

[24]. Indeed, macrophage releases cytokines, which play

a major role in muscle repair mechanism [25]. In line with

this, the degree of the inflammatory response may

determine the efficacy of muscle repair therapies.

Therefore, it is feasible that earlier interventions during

the inflammation might attenuate the deleterious effects

induced by the muscular lesion.

Thus, the purpose of this work was to investigate the

effect of early and long-term LLL irradiation on oxidative

stress and inflammatory parameters after acute trau-

matic muscle injury. Furthermore, recovery of muscular

functionality, vascular remodeling and fiber proliferative

activity were also studied.

Methods

Animals

Male Wistar rats (250–300 g) obtained from the Central

Animal House of the Universidade Federal de Santa

Catarina (UFSC), Santa Catarina, Brazil, were caged in

groups of six. offered commercial rat chow and water ad

libitum and maintained on a 12-h light/12-h dark cycle.

The animals were randomly divided into four groups

(n¼ 6): control group (CG), muscle injury group (IG),

CG + LLLT, and IG + LLLT: laser treatment with doses of 3

and 5 J/cm2.

Induction of muscle injury

Muscle traumatic injury was induced as described by

Rizzi [18]. Briefly, animals were submitted to muscle

lesion after receiving an intraperitoneal injection of keta-

mine (70 mg/kg) and xylazine (15 mg/kg). Gastrocnemius

injury was induced by a single-impact blunt trauma in a

press developed by the Industrial Center of Education

and Research Equipment (CIDEP, Porto Alegre, RS, Brazil).

Injury was elicited by a metal mass (0.459 kg) falling

through a metal guide from a height of 18 cm. The

impact kinetic energy delivered was 0.811 J. Sham rats

were also anesthetized to ensure standardization, but

without muscle trauma.

Laser irradiation

Animals received laser irradiation starting at three

different time periods, 2, 12, and 24 h and lasting up

to 5 days after injury. Irradiation for 3 or 5 J/cm2 was

initiated 2, 12, and 24 h after inducing muscle trauma,

and the treatment was continued for five consecutive

days. In all cases, LLL applications were done every 24 h

after the first irradiation. Laser irradiation was performed

over five distinct regions around the impact area (total

area 2 cm2) with the laser pen being kept perpendicular

to the injury at a distance of 0.5 cm per point, as

described by Pessoa [26]. Each treated point received 3

and 5 J/cm2 or 0.3 and 0.5 J of energy density (9 and

12 s) using a previously calibrated semiconductor diode

laser GaAs (Laserpulse. Ibramed) with pulsed emission

(wavelength 904 nm, peak power 70 W, frequency

9.500 Hz, pulse time 60 ns, mean power output 40 mW,

power density 400 mW/cm2, spot size 0.10 cm2) [15].

Equipment characteristics such as power and transmis-

sion time were measured by means of a laser power/

energy monitor apparatus calibrated by National

Institute Standards and Technology according to ISO

10012-1 to confirm the parameters of the device.

Induction of euthanasia and sample preparation

Two hours after the last irradiation, animals were killed by

decapitation. The injured region of the gastrocnemius

was surgically removed, immediately processed, and

stored at �70 �C for subsequent analysis and homo-

genized in the appropriate buffer used for each bio-

chemical technique. The homogenates were centrifuged

at 1000� g for 10 min at 4 �C, and the supernatants were

kept at �70 �C until further used in the experiments. The

maximal period between homogenate preparation and

biochemical analysis was always55 days.

Biochemical measurements

Griess nitrite assay

NO� produced was estimated spectrophotometrically as

nitrite formed (NO2
�). To measure the NO2

� content, the

samples were incubated with the Griess reagent (1%

sulfanilamide in 0.1 mol/l HCl and 0.1% N-(1-naphthyl)

ethylenediamine dihydrochloride) at room temperature

2 P. C. L. SILVEIRA ET AL.
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(32 �C) for 10 min. Then, absorbance was measured at

540 nm using a microplate reader. Nitrite content was

calculated based on a standard curve constructed with

NaNO2 [27]. Since no reducing agent or enzyme (nitrate

reductase) was used to transform NO3
� into NO2

�, the

positive reaction with the Griess reagent corresponds

only to the NO2
� species.

Lipid peroxidation

The formation of thiobarbituric acid-reactive substances

(TBARS) during TBA-heating reaction was used as an

index of lipid peroxidation, as previously described by

Draper and Hadley [28]. Briefly, the samples were mixed

with 1 ml of 10% trichloroacetic acid and 1 ml of

0.67% thiobarbituric acid. Subsequently, they were

heated in a boiling water bath for 30 min. TBARS level

was determined through absorbance at 532 nm using

1,1,3,3-tetramethoxypropane as an external standard.

Results were expressed as TBARS level (nmol/mg protein).

Dityrosine autofluorescence determination

Dityrosine content, a measure of protein oxidation, was

estimated by the fluorescence emitted at 410 nm. Briefly,

50 ml of plasma were added to 950 ml 6 M urea in 20 mM

sodium phosphate buffer pH 7.4. After 30 min, samples

were read using a fluorometer (excitation 315 nm;

emission 410 nm). Results were expressed as fluores-

cence units per mg protein [29].

Protein carbonylation

Oxidative damage to proteins was measured by deter-

mining carbonyl groups based on the reaction with 2,4-

dinitrophenylhydrazine (DNPH) [30]. Proteins were pre-

cipitated by adding 20% trichloroacetic acid and reacted

with DNPH. The samples were then redissolved in 6 M

guanidine hydrochloride; carbonyl contents were deter-

mined through absorbance at 370 nm using a extinction

coefficient of 22,000� 106 nM/ml for aliphatic hydra-

zones, and total protein contents were determined by

absorbance of 270 nm in the same sample. Results were

expressed as carbonyl level (nmol/mg protein).

Advanced oxidation protein products assay

The method for evaluating the contents of advanced

oxidation protein products (AOPPs) was performed by

spectrophotometry with a wavelength of 340 nm

according to Witko-Sarsat [31]. Results are expressed in

nmol of equivalents of chloramine T/mg protein.

Superoxide dismutase activity

Superoxide dismutase (SOD) activity was assayed by

measuring the inhibition of adrenaline auto-oxidation as

absorbance at 480 nm, as previously described [32].

Results were expressed in U SOD/mg protein.

Glutathione peroxidase assay

Glutathione peroxidase (GPX) activity was measured by

using tert-butyl-hydroperoxide as substrate [33]. Enzyme

activity was measured by monitoring the rate of dis-

appearance of NADPH at 340 nm in 50 mM potassium

phosphate buffer, pH 7.0, containing 1.0 mM EDTA,

2.0 mM glutathione (GSH), 0.2 U/ml GSH reductase,

1.0 mM azide, 0.2 mM tert-butyl-hydroperoxide,

0.2 mM NADPH, and supernatant containing 0.2–0.3 mg

protein/ml. GPX activity was expressed as nmol of NADPH

oxidized per minute per milligram of protein, using an

extinction coefficient of 6.22 mM � 1 cm� 1 for NADPH.

Catalase activity

Catalase (CAT) activity was measured by the rate of

decrease in hydrogen peroxide as absorbance at 240 nm

[34], and results were expressed in U CAT/mg protein.

Quantitative reverse transcription PCR

Total RNA was extracted from muscle tissue using Trizol

(Invitrogen, Carlsbad, CA), according to the manufac-

turer’s instructions. Single-stranded cDNAs were synthe-

sized with random primers (Invitrogen) in 20 ml of

reaction. Briefly, 1 mg of total RNA was incubated with

these primers (1.25 ng/ml), and reverse transcriptase

reaction was performed as previously described [35]. For

real-time PCR, cDNA was mixed with 16SYBR Green.

PCR Master Mix (Applied Biosystems, Waltham, MA)

and the forward and reverse primers were added to a

final volume of 15 ml. Primer concentration was 300 nm,

and the sequences used are listed in Table 1. Real-time

PCR was carried out on an ABI 7500. Applied Biosystems

with Sequence Detection Software v1.4. The cycling

conditions included a hot start at 95 �C for 10 min,

followed by 40 cycles at 95 �C for 15 s and 60 �C for

1 min. Specificity was verified by melting curve analysis

and agarose gel electrophoresis. Each sample was

analyzed in triplicate. Transcript levels were normalized

to those of cyclophilin A, and relative expression levels

were calculated using the 2–DDCt method [35].

Amplification efficiency for each set of primers was

near 98%. RNA samples incubated without reverse

transcriptase during cDNA synthesis, as well as PCR
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using water instead of template showed no

amplification.

Behavioral test

Open field

We evaluated the effects of the laser treatment on

behavior after 5 days from the muscle traumatic injury

like motor activity marker according to open field arena.

The apparatus, made of wood covered with imperme-

able formica, had a white floor of 60 cm� 50 cm (divided

by black lines into 25 squares of 20 cm� 20 cm) and

white walls 40 cm high. Each rat was placed in the center

of the open field, and the distance (Meters) and rearing

were registered in 5 min [36].

Statistical analysis

Data were analyzed by one-way analysis of variance

(ANOVA) followed by Tukey’s test when p values were

significant (p50.05). All analyses were performed using

the Statistical Package for the Social Science (SPSS. v

17.0; IBM Corp., Armonk, NY) software.

Results

Effect of traumatic muscle lesion on oxidative

stress parameters 2, 12, and 24 h after injury

Figure 1(A and B) shows that TBA-RS [F(3,16)¼6.82,

p50.01] and protein carbonyl levels [F(3,18)¼ 5.81,

p50.01] were significantly increased 2, 12, and 24 h

after muscle injury induction. Figure 1(C and D) also

shows that the activity of the antioxidant enzymes SOD

[F(3,20)¼5.88, p50.01], GPX [F(3,18)¼8.34, p50.01],

and CAT [F(3,18)¼7.54, p50.01] was also significantly

increased after the muscle lesion.

Effect of 5-day 3 J/cm2 GaAs LLL irradiation on

oxidative stress parameters after the induction of

traumatic muscle lesion

Table 2 shows the effect of 3 J/cm2 GaAs LLLT starting

the irradiation 2, 12, and 24 h after the muscle injury with

treatment lasting for up to 5 days on TBA-RS and protein

carbonyl levels and antioxidant enzymes activities in

injured skeletal muscle. It can be observed that TBARS

[F(3,20)¼8.37, p50.05] and protein carbonyl levels

[F(3,19)¼12.75, p50.05], and the activity of the antioxi-

dant enzymes SOD [F(3,20)¼5.42, p50.05], GPX

[F(3,20)¼5.43, p50.05], and CAT [F(3,20)¼8.45, p50.05]

were significantly increased 5 days after the trauma and

that these parameters were significantly normalized by

3 J/cm2 GaAs LLLT, when starting the irradiation 2 h after

the traumatic injury. Similar trauma-induced profiles

were observed when the irradiation started 12 and 24 h

after the muscle injury (12 h after injury: TBARS

levels [F(3,20)¼10.67, p50.05], protein carbonyl levels

[F(3,19)¼3.54, p50.05], GPX activity [F(3,20)¼3.04, p50.05],

CAT activity [F(3,18)¼12.8, p50.05]; 24 h after injury:

TBARS levels [F(3,19)¼11.25, p50.05], SOD activity

[F(3,20)¼6.99, p50.05], CAT activity [F(3,18)¼10.04,

p50.05]). However, only TBARS and protein carbonyl

levels and CAT activity parameters were reverted by laser

irradiation starting at 12 h after muscle lesion. In

addition, only TBARS levels and CAT activity alterations

were prevented by 3 J/cm2 GaAs LLLT starting 24 h after

muscle trauma. This first set of results shows that 3 J/cm2

GaAs irradiation is more effective in preventing the

induction of the oxidative stress status in the traumatic

muscle if applied early (2 h after injury).

Effect of 5-day 5 J/cm2 GaAs LLL irradiation on

oxidative stress parameters after the induction of

traumatic muscle lesion

Table 3 shows the effect of 5 J/cm2 GaAs LLLT starting the

irradiation 2, 12, and 24 h after the muscle injury with

treatment lasting for up to 5 days on TBA-RS and protein

carbonyl levels and antioxidant enzyme activities in

injured skeletal muscle. It can be observed in the Table

2 that the lesion induced similar alterations in the

oxidative stress parameters assessed in the injured

muscle, as those observed before in Table 1 (LLLT

initiated 2 h after injury: TBARS levels [F(3,18)¼24.08,

p50.05], protein carbonyl levels [F(3,20)¼11.22, p50.05].

SOD activity [F(3,19)¼9.01, p50.05], GPX activity

[F(3,20)¼6.94, p50.05], CAT activity [F(3,18)¼7.16,

p50.05]; LLLT initiated 12 h after injury: protein carbonyl

levels [F(3,20)¼4.71, p50.05], SOD activity [F(3,20)¼3.21,

p50.05], GPX activity [F(3,19)¼8.24, p50.05], CAT activity

[F(3,18)¼6.35, p50.05]; LLLT initiated 24 h after injury:

TBARS levels [F(3,19)¼4.27, p50.05]. protein carbonyl

levels [F(3,18)¼7.64, p50.05], SOD activity [F(3,20)¼8.78,

p50.05], GPX activity [F(3,19)¼5.46, p50.05], CAT activity

[F(3,18)¼10.04, p50.05]). These parameters were all sig-

nificantly normalized by 5 J/cm2 GaAs LLLT, starting the

irradiation 2 h after injury. However, laser irradiation

starting at 12 h after muscle lesion had no effect on the

TBARS levels and SOD activity. Moreover, laser irradiation

Table 1. Sequences of primers employed for the
determinations.

Originator Sequence ‘‘Forward’’ Sequence ‘‘Reverse’’

VEGF ATCATGCGGATCAAACCTCACC GGTCTGCATTCACATCTGCTAT
BDNF AAGGCTGCAGGGGCATAGAC TGAACCGCCAGCCAATTCTC
IL-6 AAGAGACTTCCAGCCAGTTGCC ACTGGTCTGTTGTGGGTGGTA
IL-10 GCCAAGCCTTGTCAGAAATGA TTTCTGGGCCATGGTTCTCT

4 P. C. L. SILVEIRA ET AL.
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starting at 24 h after muscle lesion only normalized the

protein carbonyl levels.

Considering that 3 and 5 J/cm2 GaAs irradiation

induced similar positive effects in the injured muscle, the

following experiments were performed only at the lower

GaAs dose and starting the laser application 2 h after the

trauma, with the application lasting for up to 5 days.

Effect of 5-day 3 J/cm2 GaAs LLL irradiation,

starting 2 h after the traumatic muscle lesion on

plasmatic and/or muscle oxidative stress

biomarkers

Figure 2(A and B) shows the effect of 5-day 3 J/cm2

GaAs LLL irradiation, starting 2 h after the trauma, on

nitrite concentrations in plasma and injured muscle. It

could be observed in the figure that the trauma-

Figure 1. Effect induced by traumatic muscle injury on the content of TBA-RS (A), protein carbonyls (B), activity of antioxidant
enzymes SOD (C), GPx (D), and CAT (E) 2, 12, and 24 h after injury. The bars represent the mean ± SEM for six animals. *p50.05.
**p50.01 versus control (one-way ANOVA followed by post hoc Tukey test).

Table 2. Effect of low-power laser (GaAs at 3 J/cm2 dose) irradiation 2, 12, and 24 h after muscle
injury on the content of TBA-RS, protein carbonylation, and activity of the antioxidant enzymes
superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) in homogenate of
skeletal muscle.

Outset of irradiation
Biochemical assays

2 h after injury TBA-RS Carbonylation SOD GPX CAT

Control group (CG) 0.05 ± 0.003 0.21 ± 0.01 0.09 ± 0.01 2.07 ± 0.20 2.19 ± 0.19
Injury group (IG) 0.08 ± 0.006* 0.34 ± 0.02* 0.18 ± 0.02* 3.00 ± 0.31* 3.55 ± 0.44*
CG + LLLT (3 J/cm2) 0.06 ± 0.003 0.28 ± 0.01 0.14 ± 0.01 2.21 ± 0.17 2.77 ± 0.30
IG + LLLT (3 J/cm2) 0.05 ± 0.003# 0.23 ± 0.01# 0.08 ± 0.01# 1.72 ± 0.20# 1.39 ± 0.25#

12 h after injury
Control group (CG) 0.02 ± 0.002 0.15 ± 0.007 0.23 ± 0.02 2.38 ± 0.32 2.02 ± 0.12
Injury group (IG) 0.06 ± 0.001* 0.28 ± 0.03* 0.27 ± 0.02 3.91 ± 0.56* 3.00 ± 0.34*
CG + LLLT (3 J/cm2) 0.02 ± 0.002 0.21 ± 0.05 0.30 ± 0.04 1.81 ± 0.37 3.16 ± 0.39
IG + LLLT (3 J/cm2) 0.01 ± 0.001# 0.14 ± 0.01# 0.34 ± 0.03 3.25 ± 0.33 0.92 ± 0.20#

24 h after injury
Control group (CG) 0.12 ± 0.01 0.17 ± 0.01 7.2 ± 0.45 2.77 ± 0.27
Injury group (IG) 0.20 ± 0.03* 0.24 ± 0.01* 6.82 ± 0.44 4.40 ± 0.49*
CG + LLLT (3 J/cm2) 0.09 ± 0.006# 0.17 ± 0.006# 6.84 ± 0.51 3.35 ± 0.36
IG + LLLT (3 J/cm2) 0.09 ± 0.004# 0.19 ± 0.01 7.55 ± 0.43 1.78 ± 0.21#

Irradiation started 2 h after inducing the trauma and lasted during five consecutive days. The bars represent the mean
± SEM for six animals. *p50.05 versus control. #p50.05 versus IG (ANOVA one-way followed by post hoc Tukey test).
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induced increased levels of nitrite were significantly

reduced by the LLL treatment in plasma [F(3,18)¼9.21,

p50.05] and also in the rat muscle [F(3,19)¼4.88,

p50.05]. Similarly, the plasma protein oxidation bio-

markers, including the trauma-induced increased levels

of AOPP [F(3,16)¼48.45, p50.05] and dityrosine

[F(3,17)¼27.11, p50.05] levels, were significantly

reduced by the LLLT (Figure 2C and D).

Effect of 5-day 3 J/cm2 GaAs LLL irradiation,

starting 2 h after the traumatic muscle lesion on
muscular inflammatory markers

Figure 3 shows the triggering effect of 5-day 3 J/cm2

GaAs LLL irradiation, starting 2 h after the trauma, on the

expression of interleukins IL-6 and IL-10 and VEGF and

BDNF, factors that promote vascular endothelial growth

and myosatellite cell proliferation. It is shown in the

figure that trauma provoked a significant increase in the

mRNA content of the proinflammatory cytokine IL-6

[F(3,8)¼35.01, p50.05], VEGF [F(3,9)¼19.31, p50.05], and

BDNF [F(3,8)¼14.80, p50.05], while the gene expression

for IL-10 was significantly reduced [F(3,6)¼7.10, p50.05].

This effect was completely abolished by the 5-day

3 J/cm2 GaAs LLL treatment. Additionally, the LLLT per se

elicited higher and significant expression of IL-10.

Effect of 5-day 3 J/cm2 GaAs LLL irradiation,

starting 2 h after the traumatic muscle lesion on

motor and functional muscular measurements

In order to assess whether the preventive effect of LLLT

shown above has a significant impact in improving

the functionality of the traumatized muscle, the loco-

motor activity, and the number of rearings were

measured in the behavioral test apparatus, open field.

Figure 4(A and B) shows a significant reduction in the

distance traveled [F(2,20)¼11.42, p50.05] and in the

number of rearings [F(2,21)¼14.19, p50.05] in traumatized

animals. The figures also show that the laser irradiation

treatment significantly reverted the negative effect of

trauma on muscular functionality or locomotor activity.

Discussion

We used a model of traumatic muscle injury in rats to

evaluate the influence of early LLLT on oxidative stress

parameters and inflammatory mediators in the injured

area. as well as the functional recovery of the targeted

muscle. First, we assessed whether the injury model

induced changes in oxidative stress parameters 2, 12,

and 24 h after injury. As seen in Figure 1, the parameters

had a significant increase in all the investigated time

points. This model reproduced with efficiency a trau-

matic muscle injury, where an inflammatory response

characterized by a elevation in oxidant stress biomarkers

is generated [37,38].

LLLT has been shown to be effective in reducing the

inflammatory response, promoting tissue repair,

decreasing pain, and reducing fatigue in several studies,

even in animal models or in clinical studies [39–42]. The

GaAs laser irradiation (904 nm) with high peak power is

demonstrated to be more efficient in muscular injuries

than low-power infrared wavelengths (780–860 nm)

whose outputs are continuous [43–45]. According to

the World Association of Laser Therapy (2006), the GaAs

Table 3. Effect of low-power laser (GaAs at 5 J/cm2 dose) irradiation 2, 12, and 24 h after muscle
injury on the content of TBA-RS, protein carbonylation, and activity of the antioxidant enzymes
superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) in homogenate of
skeletal muscle.

Biochemical assays

Outset of irradiation TBA-RS Carbonylation SOD GPX CAT

2 h after injury
Control group (CG) 0.11 ± 0.01 0.19 ± 0.02 0.09 ± 0.01 3.76 ± 0.25 3.66 ± 0.23
Injury group (IG) 0.21 ± 0.02* 0.39 ± 0.06* 0.24 ± 0.03* 5.34 ± 0.32* 5.67 ± 0.55*
CG + LLLT (5 J/cm2) 0.14 ± 0.04 0.29 ± 0.02 0.17 ± 0.03 4.84 ± 0.42 4.88 ± 0.22
IG + LLLT (5 J/cm2) 0.07 ± 0.01# 0.21 ± 0.04# 0.13 ± 0.02# 3.30 ± 0.20# 3.97 ± 0.54#
12 h after injury
Control group (CG) 0.03 ± 0.006 0.04 ± 0.004 0.11 ± 0.014 4.25 ± 0.11 2.17 ± 0.11
Injury group (IG) 0.035 ± 0.003 0.09 ± 0.006* 0.19 ± 0.018* 5.95 ± 0.52* 3.64 ± 0.41*
CG + LLLT (5 J/cm2) 0.02 ± 0.004 0.06 ± 0.004# 0.14 ± 0.02 4.13 ± 0.32# 2.95 ± 0.46
IG + LLLT (5 J/cm2) 0.02 ± 0.003 0.06 ± 0.008# 0.13 ± 0.003 4.20 ± 0.40# 1.62 ± 0.19#
24 h after injury
Control group (CG) 0.79 ± 0.02 0.06 ± 0.008 0.07 ± 0.011 6.92 ± 0.64 3.79 ± 0.15
Injury group (IG) 1.10 ± 0.20* 0.13 ± 0.03* 0.15 ± 0.005* 9.98 ± 1.83* 7.30 ± 0.56*
CG + LLLT (5 J/cm2) 0.69 ± 0.08 0.07 ± 0.005# 0.08 ± 0.007 7.81 ± 1.05 6.23 ± 0.65*
IG + LLLT (5 J/cm2) 1.00 ± 0.07 0.06 ± 0.009# 0.09 ± 0.008 9.30 ± 0.82 5.34 ± 0.55

Irradiation started 2 h after inducing the trauma and lasted during five consecutive days. The bars represent the mean
± SEM for six animals. *p50.05 versus control. #p50.05 versus IG (ANOVA one-way followed by post hoc Tukey test).
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laser (904 nm) is recommended for musculoskeletal

injuries [46].

Because of this, we decided to investigate the effect

of the treatment with LLLT starting 2, 12, and 24 h after

induction of muscle injury with two doses 3 and 5 J/cm2

with 5 days of duration on oxidative stress parameters.

As we can see (Tables 2 and 3), the groups that started

treatment 2 h after injury in a dose of 3 and 5 J/cm2 had

a significant decrease compared to animals with muscle

injury in all oxidative stress parameters analyzed,

showing that the reduction in nonenzymatic oxidative

stress can be induced earlier. Furthermore, the antioxi-

dant status, namely GPX, SOD, and CAT activities, was

recovered after LLLT. Even, when expression or content

of these proteins were not measured in this study, the

final biological result of an activated pathway will be the

activity of the enzyme/protein. Therefore, it is feasible to

propose that LLLT reset up the antioxidant status in the

muscle, which probably will result in better recovery of

the injured tissue. We decided to use a dose of 3 J/cm2

with the outset of the irradiation 2 h after injury in the

following experiments.

As shown in Figure 2, it is possible to suggest that the

muscle injury induced an increase in markers of protein

oxidation (AOPP and dityrosine) and the content of

nitrite in plasma and in the injury muscle, and that the

LLLT group decrease all parameters except the plasma

levels of nitrite. LLLT may have induced a reduction in

the oxidation of plasma proteins probably due to

decreased production of ROS and RNS at the site of

the injury. It is widely described that during inflamma-

tion there is an increase in NO generation and its

downstream products (as shown in Figure 2A), favoring

the establishment of oxidative stress, which may amplify

the damage and alter the structure and function of

proteins and lipids in cell membranes [47,48]. Such

events may lead to increasing the signaling of cellular

pathways that exacerbate the inflammatory response

[48,49]. The LLLT caused a reduction in the oxidant and

inflammatory biomarkers, indicating that LLLT has a

positive biological effect by modulating the redox state

and accelerating the recovery of injured tissue. In line

with this, LLLT also reduced or resolved the acute

inflammatory response, by diminishing the gene

Figure 2. Effect of low-power laser (GaAs at 3 J/cm2 dose) irradiation (five consecutive days) after muscle injury on the concentration
of nitrite in plasma (A) and muscle (B), and the content of AOPPs (C) and dityrosine (D) in plasma. Irradiation started 2 h after inducing
the trauma. Nitrites and AOPPs levels were assessed spectrophotometrically and dityrosine was estimated by following the
fluorescence emission at 410 nm. The bars represent the mean ± SEM for six animals. *p50.05 versus CG. #p50.05 versus IG (one-way
ANOVA followed by post hoc Tukey test).
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expression of IL-6 with concomitant increase in IL-10

expression (Figure 3A and B). Some studies have shown

that LLLT accelerates the resolution of the inflammatory

acute phase, decreasing its deleterious effects, due to

stimulation of the respiratory chain and, consequently,

more efficient ATP production, or by reducing RNO and

ROS production at site of the trauma [41,50–52].

Five days after the traumatic injury, the muscle tissue

is still at an early stage of the acute inflammatory

process, characterized by swelling as a result of macro-

phages and neutrophil infiltration [53]. At this point,

there is also a parallel increase in VEGF expression due to

disruption of the sarcomeres and vascular structure in

the muscle fibers, which in turn will induce extravasation

of blood and local hypoxia [54]. The promoter region of

the VEGF gene contains a hypoxia response element

(HRE) which, once activated, induces phosphorylation of

HIF-1a, and when that happens, the transcription of

VEGF is increased [55]. Moreover, some other studies

also suggest VEGF expression could be activated by

inflammatory molecules, ROS generation, and/or low

energy state [56–60].

In adult skeletal muscle, BDNF expression is found in

myogenic progenitors known as satellite cells [61]. In

healthy adult skeletal muscle, satellite cells are

mitotically quiescent, sequestered between the base-

ment membrane and sarcolemma of myofibers [62,63].

In response to injury, however, they become activated,

triggering proliferation and differentiation to repair

damaged fibers [64,65]. Muscle injury also results in

upregulation of BDNF expression at a time when satellite

cell activation and proliferation occur, suggesting that

BDNF may play a role in mediating the satellite cell

response to injury, particularly in the acute response

[66,67]. According to Tidball [53], BDNF has a similar role

to other inflammatory cytokines (IL-6 and TGF-b) in the

regulation of muscle, which showed that BDNF expres-

sion was proportional to the extent of invasion of T cells

and macrophages [68,69]. As shown in Figure 3(C and D),

the laser application induced a decrease in gene

expression of these proteins, VEGF and BDNF, demon-

strating an anti-inflammatory effect that can be justified,

hypothetically due to the stimulus of the local metab-

olism and more efficient resolution of the acute inflam-

matory response.

To confirm this hypothesis, we analyzed behavioral

parameters of motor activity, such as traveled distance

and number of rearing in the open field test. The Figure

4(A and B) suggests that the group that received GaAs

laser with a dose of 3 J/cm2 starting the irradiation 2 h

Figure 3. Effect of low-power laser (GaAs at 3 J/cm2 dose) irradiation (five consecutive days) after muscle injury on the gene
expression of IL-6 (A), IL-10 (B), vascular endothelial growth factor (VEGF; C) and brain derived neurotrophic factor (BDNF; D) in the
injured skeletal muscle. Irradiation started 2 h after inducing the trauma. The bars represent the mean ± SEM for six animals. *p50.05
versus CG #p50.05 versus IG (one-way ANOVA followed by post hoc Tukey test).
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after injury, showed an improvement in locomotor and

exploratory activity in relation to the IG corroborating

earlier results. However, when irradiation was started 12

or 24 h after the trauma induction, or even when higher

irradiation dose was used, the recovery effect of LLLT

was lost. This suggests that the sooner the inflammation

and oxidant status is resolved, the faster is the functional

recovery of the traumatic muscle.

Taken together, these findings strongly suggest that

laser irradiation induced biostimulatory processes that

accelerated or resolved the acute inflammatory response,

as well as, the oxidant state elicited by the muscle trauma

and this effect was dose and time dependent.
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