
94 - Acta Cirúrgica Brasileira - Vol. 30 (2) 2015

2 - ORIGINAL ARTICLE
MODELS, BIOLOGICAL

Low-level laser therapy modulates musculoskeletal loss in a skin burn model in rats1

Francielle MartinsI, Ana Cláudia Muniz RennóII, Flávia de OliveiraIII, Natália Peruchi MinatelIV, Jeferson André BortolinV, 
Hananiah Tardivo QuintanaVI, Mariana Chaves AveiroVII

DOI: http://dx.doi.org/10.1590/S0102-86502015002000002

IUndergraduate student, School of Medicine, Federal University of Sao Paulo (UNIFESP), Santos-SP. Grant from Institutional Program for Scientific 
Initiation (PIBIC) of the National Council of Scientific and Technological Development (CNPq), Ministry of Science, Technology and Inovation, 
Brazil. Acquisition, analysis and interpretation of data; manuscript preparation.
IIPhD, Associate Professor, Research Productivity Fellowship Level 2 CNPq, Bioscience Department, UNIFESP, Santos-SP, Brazil. Scientific 
and intellectual content of the study, manuscript writing.
IIIPhD, Associate Professor, Bioscience Department, UNIFESP, Santos-SP, Brazil. Scientific and intellectual content of the study, manuscript writing. 
IVUndergraduate student, School of Medicine, UNIFESP, Santos-SP, Brazil. Acquisition and analysis of data.
VMaster, Postgraduate Program in Interdisciplinary Health Sciences, UNIFESP, Santos-SP, Brazil. Acquisition and analysis of data.
VIFellow PhD degree, Postgraduate Program in Interdisciplinary Health Sciences, UNIFESP, Santos-SP, Brazil. Acquisition and analysis of data.
VIIPhD, Associate Professor, Department of Human Movement Sciences, UNIFESP, Santos-SP, Brazil. Scientific, intellectual, conception and design of 
the study, final approval of the version to be published.

ABSTRACT 
PURPOSE: To investigate the effectiveness of low-level laser therapy (LLLT) on gastrocnemius muscle morphology and Myod 
imunoexpression in a model of dorsal burn in rats. 
METHODS: Sixteen male Wistar rats were distributed into two groups: control group (CG): rats submitted to scald burn injury without 
treatment and laser treated group (LG): rats submitted to scald burn injury and treated with laser therapy. Fourteen days post-surgery, 
gastrocnemius muscle was evaluated being the specimens stained with HE and morphometric data was evaluated. MyoD expression 
was assessed by immunohistochemistry. 
RESULTS: The results showed that laser treated animals presented more organized tissue morphology compared to the non-treated 
animals, with a higher number of nucleus in the fibers. Also, the cross sectional area of the fibers and the MyoD immunoexpression in 
the laser treated groups was higher.  
CONCLUSION: Low-level laser therapy had positive effects on gastrocnemius muscle, improving tissue muscle morphology, 
increasing cross sectional area and MyoD immunoexpression.
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Low-level laser therapy modulates musculoskeletal loss in a skin burn model in rats

Acta Cirúrgica Brasileira - Vol. 30 (2) 2015 - 95

Introduction

Burns are severe injuries associated with tissue 
destruction, infection, pain or even death1. It is estimated that more 
than 1 million burn injuries occur every year in the United States, 
resulting in more than 500,000 emergency department visits2. 

Depending on the extension of the injury, perturbations 
in metabolism affecting different physiological system occur and 
result in inflammatory and hypermetabolic stress response3. Also, 
severe burn leads to a significant increase in the levels of peripheral 
catecholamine and cortisol, and severe skeletal muscle wasting3. 

Although the muscle skeletal tissue is one of the most 
affected, little attention has been given to the physiological 
modifications occurred on this system after severe burns4. Patients 
with burns greater than 40% are always catabolic3, which will 
affect their metabolic derangements and persist at least one year 
after injury in most body tissues3. These thermal injuries result in 
both local and systemic responses in skeletal muscle distant from 
the site of thermal injury5,6.

Muscle catabolism, marked loss of protein, redistribution 
of proteins from muscle to burned tissue and modification in body 
composition are common consequences of thermal injury3,4,7. 
Moreover, muscle mitochondria activity is also affected by burn, 
with a reduction in mitochondrial cytochrome C levels, increase 
in the concentration of cytochrome C in the cytosol and altered 
membrane potential, contribution with a severe alteration of 
skeletal muscle bioenergetic3,8.

In this context, it is extremely important to develop new 
clinical innovative approaches aiming to reduce and preventing 
damages related to skin burn, restoring normal physiological 
function and improving quality of life in patients3. Low-level 
laser therapy (LLLT) is a technology that has been demonstrating 
positive effects on the stimulation of cell activities involved in 
the wound healing process9-11. The action of LLLT is based on the 
absorption of the light by tissues, which will generate modifications 
in cell metabolis12,13. Studies have shown that laser irradiation 
increased mitochondrial respiration and adenosine triphosphate 
(ATP) synthesis in isolated cells in culture14. Other studies have 
shown that laser light affects calcium exchange through the cell 
membrane, causing transient changes in the cytoplasmic calcium 
level15,16. These modifications can increase DNA, RNA and cell-
cycle regulatory proteins synthesis, stimulating cell proliferation 

which could therefore be beneficial for the reestablishment of 
connective tissue during tissue repair and wound healing17-19.

Bayat et al.19 evaluated the effects of helium–neon 
laser on second-degree burns in rats and found a significant 

increase in the number of macrophages and an amount of new 
formed skin tissue (new epidermis) in the laser treated group in 
comparison with control at the site of the lesion. Other authors 
found similar results such as reduction of inflammatory process, 
increase in granulation tissue and fibroblast proliferation, 
resulting in the acceleration of third-degree burn healing after 
laser photoestimulation2,13. 

Although the positive effects of this therapeutic 
intervention on the acceleration of burned skin healing, there is 
a lack of information about the interaction of LLLT on skeletal 
muscle modifications in this clinical condition. In this context, 
the hypothesis that LLLT would affect mitochondria activity in 
skeletal muscles in the presence of severe burn, increasing tissue 
bioenergetic and metabolism and preventing muscle loss and 
atrophy was raised.  Thus, the aim of this study was to determine 
the effectiveness of LLLT on gastrocnemius muscle morphology 
and MyoD imunoexpression in a model of dorsal burn in rats. 

Methods

Research approved by the Experimental Animal Use 
Committee of Federal University of Sao Paulo (0344/12). All 
animal handling and surgical procedures were strictly conducted 
according the Guiding Principles for the Use of Laboratory 
Animals.

Sixteen Wistar male rats (weighing 300 ± 20 g) were 
used. They were maintained under controlled temperature (22 ± 
2oC), light-dark periods of 12 hours, and with free access to water 
and commercial diet. 

The animals were randomly distributed into two groups 
of eight animals each: control group (CG): rats submitted to scald 
burn injury without treatment and laser treated group (LG): rats 
submitted to scald burn injury and treated with laser therapy. 
Animals were sacrificed 14 days post-surgery. 

Scald burn injury
Animals were anesthetized (Ketamine 50 mg/Kg and 

Xylazin 10 mg/Kg) and had their dorsum and ventral regions shaved 
and cleaned. A nonlethal scald burn injury was administered by 
immersing 45% of each rat’s body –in 87oC water as firstly described 
by Walker and Mason20. As a result, each animal had 30% of its 
dorsal and 15% of its ventral area exposed to scald burn for 10 and 3 
seconds, respectively. Every rats were injected subcutaneously with 
the analgesic buprenorphine (0.2 mg/kg) immediately following 
scald injury and again 24h later. Animals were returned to their 
cages and the status of each animal was checked by recording the 
body weight and food intake of each daily.
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Laser therapy

Laser irradiation initiated immediately after the surgery 
and it was performed daily. A low-energy GaAlAs laser (Photolase 
DMC Ltda®), 808 nm, contínuos wavelenght, 30 mW, 3.57 W/cm2, 
beam diameter 0,028 mm, 1.5°,  fluency of 50 J/cm2, irradiation 
time of 48 seconds (energy per point 1.44J). The irradiation was 
performed through the punctual contact technique, at one point, on 
the middle of the muscle belly of the gastrocnemius muscle. 

At the end of the experimental period, rats were 
sacrificed individually by carbon dioxide asphyxia and muscles 
were removed for analysis. 

Histological procedures

After harvesting the specimens of all experimental 
group, the middle part of the gastrocnemius muscles was 
washed immediately with saline and fixed in 10% buffered 
formalin (Merck, Darmstadt, Germany) for 24 hours, followed 
by dehydration in a graded series of ethanol and embedding in 
paraffin. In the transversal axis of the muscle, thin sections (4 µm) 
were prepared using a microtome (Leica Microsystems SP 1600, 
Nussloch, Germany). Six sections of each specimen were stained 
with hematoxylin and eosin (HE) (Merck) and examined using 
light microscopy (Axio Observer.D1 Zeiss®, Germany). 

Immunohistochemistry

Paraffin was removed with xylene from serial sections 
of 4 μm and the sections were rehydrated in graded ethanol, 
then pretreated in a microwave with 0.01 M citric acid buffer 
(pH 6) for three cycles of 5 min each at 850 W for antigen 
retrieval. The material was pre-incubated with 0.3% hydrogen 
peroxide in phosphate-buffered saline (PBS) solution for 5 min 
for inactivation of endogenous peroxidase and then blocked 
with 5% normal goat serum in PBS solution for 10 min. The 
specimens were then incubated with anti-MyoD polyclonal 
primary antibody (MyoD-5.8A, SC-32758; Santa Cruz 
Biotechnology, USA) at a concentration of 1:100. Incubation 
was carried out overnight at 4°C within the refrigerator. This 
was followed by two washes in PBS for 10 min. The sections 
were then incubated with biotin conjugated secondary antibody 
anti-rabbit IgG (Vector Laboratories, Burlingame, CA, USA) 
at a concentration of 1:200 in PBS for 1 h. The sections 
were washed twice with PBS followed by the application of 
preformed avidin biotin complex conjugated to peroxidase 

(Vector Laboratories) for 45 min. The bound complexes 
were visualized by the application of a 0.05% solution of 
3-3′-diaminobenzidine solution and counterstained with Harris 
hematoxylin. For control studies of the antibodies, the serial 
sections were treated with rabbit IgG (Vector Laboratories) 
at a concentration of 1:200 in place of the primary antibody. 
Additionally, internal positive controls were performed with 
each staining bath.

Morphometric evaluation

Six photomicrographs,  stained with HE, were obtained  
at  40x magnification and were evaluated by  light  microscopy  
with  an  attached  camera  (Axiocam HRc, Zeiss®, Germany). 
Using an image software (Axiovision 4.8, Zeiss®, Germany) 
two parameters was investigated: the cross sectional area of 
muscle fibers and cell density (cells/mm2) of transverse section 
of muscle.

The cross sectional area of muscle fibers was 
measure (µm2) in thirty fibers randomly selected of the same 
photomicrographs used for cell density. A blind procedure was 
used for measurements. Cells density was analyzed followed the 
guidelines described by Mandarim-de-Lacerda21 in six random 
fields obtained in each animal. Counting was carried out using a 
test frame (100µm x 100µm at 40x magnification) and the muscle 
fibers  was counted provided entirely within an counting frame of 
the inclusion lines (dashed lines, Figure 1) of a counting frame but 
not any of the exclusion lines (Figure 1).

FIGURE 1 - Test frame utilized to determinate cell density. Inclusion lines 
(dashed lines) and exclusion lines (solid lines). Black points represent the 
muscle fibers counted.
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Statistical analysis

Student t test were performed to compare the 
morphometric assessment (cell density and cross sectional area 
of muscle fibers) between groups. Statistica version 7.0 (data 
analysis software system - StatSoft Inc.) was used to carry out the 
statistics analysis. Values of p<0.05 were considered statistically 
significant.

RESULTS

Histophatological analysis 

The analysis with HE revealed in CG histopathological 
changes such as muscular fascicles with heterogeneous distribution 
and increased interfibrilar space with cells exhibiting some 
irregular contours different from characteristic polygonal contour 
of skeletal muscle fibers (Figure 2a). In addition, CG showed 
increased amount of connective tissue (Figure 2c).

In Figure 2b, the treated animals showed muscular 
fascicles and fibers equidistantly distributed. The quantity of 
nuclei was increased in LG (Figure 2b, d) when compared with 
CG (Figure 2a, c). There were great variation in size of muscle 
fibers and fiber splitting (Figure 2d).

Immunohistochemical data

MyoD expression has been detected in the nuclei of cells 
(Figure 3). LG showed increased quantity of immunopositive 
nuclei when compared with C.

FIGURE 2 - Photomicrographs of gastrocnemius muscle cells of CG (a, 
c) and LG (b, d). In a, muscular fascicles with heterogeneous distribution 
and increased interfibrilar space with cells with irregular contours, 
different from treated animals (b) with muscular fascicles and fibers 
equidistantly distributed. CG (c) shows increased amount of connective 
tissue (arrows) and LG (d) fiber splitting (*). HE stain, barr=50µm.

FIGURE 3 - Immunoexpression of MyoD. (a), control group. (b), laser 
group. (HE stain).

Morphometry

Cross sectional area (CSA) evaluation of muscle cells 
revealed that the laser therapy was effective because treated group 
had increased cross sectional area when compared with control 
group (p<0.05) (Figure 4). Nevertheless, there were no significant 
differences in cell density across all experimental groups (Figure 5). 

FIGURE 4 - Means and stand deviation of muscle fibers cross sectional 
area (µm2). *p<0.05.

FIGURE 5 - Means and stand deviation of muscle fibers density 
(cells/mm2).
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Discussion

This study aimed to evaluate the effects of in vivo muscle 
tissue response of photolasertherapy on gastrocnemius muscle in 
burned rats. The main findings showed that laser treated animals 
presented more organized tissue morphology compared to the 
non-treated animals, with a higher number of nucleus in the fibers. 
Also, the CSA of the fibers and the MyoD immunoexpression in 
the laser treated groups were higher. Interestingly, similar findings 
in the cell density were observed for both groups.   

The exact mechanisms underlying the therapeutic effects 
of LLLT are not yet well-established11,22. It seems that LLLT acts at 
the molecular, cellular and tissue levels, stimulating mitochondria 
and increasing ATP production22. As described above, laser energy 
is absorbed by chromophores in the cells, mainly cytochrome 
c oxidase, increasing the mitochondrial products such as ATP, 
NADH, protein, and RNA, as well as a reciprocal augmentation 
in oxygen consumption11,22. All these physiological modifications 
induced by LLLT may have stimulated the impaired function of 
the mitochondrias due to the skin burn, decreasing the levels of 
muscle catabolism and loss of protein, which may result in the 
more organized muscle tissue and increased number of fiber 
nucleus observed after laser irradiation. 

In this study, MyoD immunoexpression was increased 
compared to the CG. Muscle regeneration is controlled by muscle 
regulatory factors (MRFs), including MyoD23. MyoD is related to 
satellite cell proliferation at the beginning of the muscle healing24 
and the arrival of satellite cells is crucial once they will turn into 
myoblasts to replace the impaired fibers muscle25. These statements 
corroborate the findings of Rodrigues et al.26, who found an 
upregulation in RNA of MyoD expression after laser irradiation 
in a model of cryolesion in tibial muscle of rats. The results of 
this study suggest that laser therapy may activate satellite cells 
which were responsible by the stimulation of new muscle fibers 
formation.

Also, the CSA of the fibers were significantly increased 
in the irradiated animals. Previous studies have already 
demonstrated that LLLT increased the number of cells per muscle 
fiber and enlarged muscle fiber diameter in different experimental 
models27-30. In a clinical study, Ferraresi et al.31 demonstrated an 
increase of the muscle volume of the thigh of the trained irradiated 
limb compared to the trained limb only. It seems that laser therapy 
acts on the activation of muscle satellite cell (myogenic regulatory 
precursor cell) and modulates myogenic transcription factors 
expression, such as MyoD e Myogenin, markers of muscle growth 
and hypertrophy. This fact led us to infer that the regulation of these 

events by LLLT may contribute to new muscle fiber formation and 
promote the increase in muscle hypertrophy in the burned rats. 

Burn injury is associated with muscle wasting and 
represents a model of cachexia32. The cachectic state is observed in 
many pathological conditions such as cancer. According to Antoun 
et al.33 skeletal muscle density predicts prognosis in patients with 
metastatic renal cell carcinoma treated with targeted therapies, 
i.e., high densities of muscle fiber are related with muscle wasting 
because when the profile of fibers decreases results in increased 
fiber density. In the present study, no difference was found in the 
measurement in fiber density. Considering that burn injury causes 
increase of fiber density because decreased muscle fiber cross 
sectional, the laser therapy interestingly do not induced decreased 
of fiber density despite induced higher CSA. New studies using 
different periods post-burn are needed to confirm the effects of 
LLLT in muscle fiber density.

Conclusion

Low-level laser therapy had positive effects on 
gastrocnemius muscle, improving tissue muscle morphology, 
increasing cross sectional area and MyoD immunoexpression.
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