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Low-intensity laser favors muscle regeneration in a 
malnourished and recovered experimental model
Laser de baixa intensidade favorece a regeneração muscular em modelo experimental 
desnutrido e recuperado
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ABSTRACT | Low-Level Laser Therapy – LLLT is used 

frequently on muscle lesions, but needs to be investigated 

in a malnutrition model. The aim of this study was to 

analyze the effects of LLLT on muscle regeneration of 

rats subjected to malnutrition and protein recovery. Forty 

recently weaned Wistar rats were used, divided into control 

group (C), subjected to a normal-protein diet (14% casein), 

and the malnourished group (D), subjected to a low-protein 

diet (6% casein) for 45 days and to a normal-protein diet 

until the end of the experiment. Subsequently, the right 

tibialis anterior muscle was subjected to cryogenic cooling 

and treated with LLLT (830 nm AsGaAl, 30 mW, 20 J/cm²), 

three times a week, for 7 and 21 days. There was a reduction 

of the inflammation/regeneration area in the C21 group 

compared to D21 (p<0.05), which became more evident 

with the LLLT (C21L and D21L). The TNF-α contents were 

reduced after 21 days of the injury. The connective tissue 

density area (CTDA) was lower in the C21 and C21L groups 

compared to the respective malnourished groups (p<0.05). 

LLLT reduced the CTDA in group D21L in comparison to D21 

(p<0.05), but the TGF-β1 contents were not influenced. The 

cross-sectional area (CSA) of the muscle fiber increased in 

the 21-day groups. Higher levels of m-TOR were found in 

the C21L group when compared to D21L (p<0.05). It was 

concluded that LLLT favored muscle regeneration in the late 

stage of the experimental model of postnatal malnutrition 

and subsequent protein recovery.

Keywords | Malnutrition; Muscles/Injuries; Low-Level 

Laser Therapy.

RESUMO | A terapia por laser de baixa intensidade (Low-

Level Laser Therapy – LLLT) é utilizada com frequência nas 

lesões musculares, mas precisa ser investigada em modelo 

de desnutrição. O objetivo desse estudo foi analisar os efeitos 

da LLLT na regeneração muscular de ratos submetidos à 

desnutrição e recuperação proteica. Foram utilizados 40 ratos 

Wistar, recém-desmamados, divididos em grupo controle (C), 

que consumiu ração normoproteica (14% caseína), e grupo 

desnutrido (D), que consumiu ração hipoproteica (6% 

caseína) por 45 dias e ração normoproteica até o final do 

experimento. Posteriormente, o músculo tibial anterior 

direito foi criolesado e tratado com LLLT (AsGaAl 830nm, 

30mW, 20J/cm²), três vezes por semana, por 7 e 21 dias. 

Houve redução da área de inflamação/regeneração no grupo 

C21 comparado ao D21 (p<0,05), sendo mais evidente com a 

LLLT (C21L e D21L). O conteúdo de TNF-α foi reduzido após 

21 dias da lesão. A área de densidade de tecido conjuntivo 

(ADTC) foi menor nos grupos C21 e C21L comparados aos 

respectivos grupos desnutridos (p<0,05). A LLLT reduziu a 

ADTC no grupo D21L quando comparado do D21 (p<0,05), 

porém o conteúdo de TGF-β1 não foi influenciado. A área 

de secção transversa (AST) da fibra muscular aumentou 

nos grupos 21 dias. A m-TOR apresentou maior conteúdo no 

grupo C21L quando comparado ao D21L (p<0,05). Concluiu-

se que a LLLT favoreceu a regeneração muscular na fase 

tardia no modelo experimental de desnutrição pós-natal e 

posterior recuperação proteica.

Descritores | Desnutrição; Músculos/Lesões; Terapia por 

Luz de Baixa Intensidade.
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RESUMEN | La terapia por láser de baja intensidad  

(Low-Level Laser Therapy – LLLT) es utilizada con frecuencia en 

las lesiones musculares, sin embargo, precisa ser investigada en 

modelo de desnutrición. El objetivo de ese estudio fue analizar 

los efectos de la LLLT en la regeneración muscular de ratones 

sometidos a la desnutrición y a la recuperación proteica. Fueron 

utilizados 40 ratones Wistar, recién-destetados, divididos en grupo 

control (C), que consumió ración normoproteica (el 14% caseína), 

y grupo desnutrido (D), que consumió ración hipoproteica  

(el 6% caseína) por 45 días y ración normoproteica hasta el final del 

experimento. Posteriormente, el músculo tibial anterior derecho 

que tuvo criolesión y fue tratado con LLLT (AsGaAl 830nm, 30mW, 

20J/cm²), tres veces a la semana, por 7 y 21 días. Hubo reducción 

del área de inflamación/regeneración en el grupo C21 comparado 

al D21 (p<0,05), siendo más evidente con la LLLT (C21L y D21L). El 

contenido de TNF-α fue reducido después de 21 días de la lesión. 

El área de densidad de tejido conjuntivo (ADTC) fue más pequeña 

en los grupos C21 y C21L comparados a los respectivos grupos 

desnutridos (p<0,05). La LLLT redujo la ADTC en el grupo D21L 

cuando comparado del D21 (p<0,05), sin embargo, el contenido 

de TGF-β1 no fue influenciado. El área de sección transversa 

(AST) de la fibra muscular incrementó en los grupos 21 días. La 

m-TOR presentó contenido más grande en el grupo C21L cuando 

comparado al D21L (p<0,05). Se concluyó que la LLLT favoreció la 

regeneración muscular en la etapa tardía en el modelo experimental 

de desnutrición posnatal y posterior recuperación proteica.

Palabras clave | Desnutrición; Músculos/Lesiones; Terapia por 

Luz de Baja Intensidad.

INTRODUCTION

Muscle injuries are common and the inabilities 
generated by them are directly related to the intrinsic 
properties of muscle recovery1. These involve 
the presence of satellite cells that are capable of 
proliferation and differentiation of new fibers and 
formation of scars2, which are composed primarily 
of collagen, due to the accumulation of extracellular 
matrix3.

Low-Level Laser Therapy is used as treatment option 
for recovery of muscle injuries, because it modifies 
cellular metabolism4 and has a series of advantages 
over conventional treatments, such as: decreasing scar 
formation time and ensuring better healing of the 
injury in patients with a systemic condition, such as 
malnutrition, diabetes and hypothyroidism, that impairs 
this process5.

Malnutrition is a condition that results from 
the insufficient intake of nutrients and energy or 
from the inadequate biological utilization of the 
food ingested, not being necessarily related to the 
individual’s condition of hunger6. In malnutrition, 
the tissue repair process is hindered because there 
are changes in the process of protein synthesis and 
breakdown of collagen7.

Positive effects of LLLT on the repair of skin wounds 
of malnourished animals were observed with different 
wavelengths and energy densities, however, its effects 
on muscle regeneration of malnourished animals have 
been little investigated.

The aim of this study was to analyze the effects 
of LLLT (830 nm) on muscle regeneration of rats 
subjected to malnutrition and protein recovery.

METHODOLOGY

Forty young Wistar mice were used, having been 
kept in the Vivarium of the School of Health Sciences 
of Faculdade de Ciências da Saúde da Universidade 
Metodista de Piracicaba (Unimep) at 23 ± 2° C, under 
a 12-hour light/dark cycle and with food and water 
ad libitum. The study was approved by the Ethics 
Committee on the Use of Animals of Unimep, under 
protocol No. 03/2016.

The normal-protein (AIN 93M – 14%) and low-
protein (AIN – 6%) diets commercialized by Prag 
Soluções Serviços e Comércio Ltda. were used, as 
described in Table 1.

Table 1. Composition of the normal-protein (14%) and low-protein 
(6%) diets used by the groups

Ingredients AIN 93 Diet – 14% 
protein (p/1 kg)

AIN 93 Diet – 6% 
protein (p/1 kg)

Corn starch 465.7 508.0

Casein 140.0 66.0

Dextrinized starch 155.0 166.5

Sucrose 100.0 121.0

Soybean oil 40.0 40.0

(continues)
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Ingredients AIN 93 Diet – 14% 
protein (p/1 kg)

AIN 93 Diet – 6% 
protein (p/1 kg)

Fiber 50.0 50.0

L-cystine 1.8 1.0

Choline chloride 2.5 2.5

Mineral mix G 35.0 35.0

Vitamin mix 10.0 10.0

Total 1000.0 1000.0

Source: Reeves, Nielsen e Fahey Jr10

Initially, the animals with 21 days of life were 
divided randomly into two groups – Control (C, n=20): 
received the normal-protein diet; and Malnourished/
Recovered  (D, n=20): received the low-protein diet 
for 45 days and later were recovered with the normal-
protein diet until the end of the experiment. At the 
completion of 90 days of diet (111 days of life), all 
animals suffered a cryogenic lesion and were further 
divided in 8 groups (n=5): 7-day injury (C7/D7); 7-day 
injury+LLLT (C7L/D7L); 21-day injury (C21/D21); 
21-day injury+LLLT (C21L/D21L), having been 
sacrificed at the end of the treatment.

For the cryogenic lesion, the animals were anesthetized 
with intraperitoneal injection (1.16 g/10 ml ketamine 
hydrochloride and 2 g/100 ml xylazine hydrochloride, 
0.09 dose and 0.06 mL/100 g body weight, respectively). 
The tibialis anterior muscle (TA) was exposed and pressed 
with a 1 cm × 0.5 cm metal bar cooled in liquid nitrogen 
for 10 seconds. The procedure was performed twice, 
according to the protocol created by Miyabara et al.11

AsGaAl 830 nm low-intensity diode laser was used for 
the treatment, with 30 mW power and 20 J/cm² energy 
density, through the trigger point technique over the 
injured area, the animals having been manually restrained 
by one researcher while another applied the laser. The 
treatment began 24 hours after the injury, three times a 
week, every two days12. The animals of groups C7L and 
D7L received three sessions and the animals of the C21L 
and D21L groups received nine treatment sessions.

After the experiment’s period, the animals were 
anesthetized as previously described and sacrificed. The TA 
muscle was removed, weighed and divided transversely into 
two equal parts for light microscopy and immunoblotting.

The frozen muscles were cut transversely (10μm) 
using a cryostat (HYRAX C 25 – Zeiss), and the sections 
were stained with hematoxylin and eosin. The blades 

were used to measure the cross-sectional area  (CSA), 
the inflammation/regeneration area (%Infl/Reg) and 
the connective tissue density area (CTDA), using an 
optical microscope with a camera attached to it, with 
20× objective and connected to a computer with the 
Image-Pro Plus 6.0 software (Media Cybernetics).

For the CSA of muscle fiber, 200 regenerating 
fibers were analyzed per animal, characterized by their 
centralized core. For the measurement of the CTDA,  
15 images were evaluated by animal, and a grid 
containing 88 intersections was superimposed over 
the images, those which were covering the connective 
tissue having been counted and, later, the result was 
transformed into percentage.

The inflammation and regeneration area was 
characterized as featuring intense inflammatory infiltrate 
and fibers in initial stage of regeneration. These fibers 
have small diameter, low quantities of strongly basophilic 
cytoplasm and a central core13. For this analysis, the 
optical microscope with a camera attached to it was used, 
its 4× objective having been employed for taking pictures 
of the cross-section. Later, the images were analyzed in 
the Image J program, the total area of the muscle and 
the area with inflammatory infiltrate and fibers in initial 
process of regeneration having been calculated.

For immunoblotting, another part of the muscles was 
cut into small pieces and homogenized in a specific buffer, 
at 4ºC, using Polytron PTA 20S-type homogenizer 
(Brinkmann Instruments, Westbury, NY, USA) operated 
at maximum speed for 30 seconds. The extracts were 
centrifuged at 11,000 rpm at 4ºC for 20 minutes and the 
supernatant was used for quantitation of the total protein. 
The samples were treated with Laemmli buffer and 
heated in dry bath for 5 minutes. Then, 50 g of protein 
were applied in SDS-polyacrylamide gel at 12% in an 
electrophoresis equipment from Bio-Rad (mini-Protean, 
Bio-Rad Laboratories, Richmond, CA, USA). The 
electrotransfer of the gel to the nitrocellulose membrane 
was carried out in 90 minutes at 120V. The membranes 
were washed with a basal solution and incubated with 10 g 
of primary antibody (TGF-β1 (transforming growth factor 
beta), mouse monoclonal, Sigma-Aldrich, T7039; TNF-α 
(tumor necrosis factor alfa), mouse monoclonal, Sigma, 
T0157; m-TOR (mammalian target of rapamycin), rabbit 
polyclonal, Sigma, T2949; GAPDH (Glyceraldehyde 
3-phospate dehydrogenase), mouse monoclonal, Santa 
Cruz, SC-59540) diluted in 10 ml of basal solution 
containing 1% skimmed milk at 4°C during the night. 
The next day, the membranes were washed with a 

Table 1. Continuation
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basal solution and incubated in 10 ml of basal solution 
containing 1% skimmed milk and 2.5 g of secondary 
antibody (Goat Anti-Rabbit IgG-HRP, Santa  
Cruz: sc-2004; Goat Anti-Mouse IgG-HRP, Santa 
Cruz: sc-2005) for 2 hours at room temperature. 
Subsequently, the membranes were washed with 
basal solution and exposed to the chemiluminescence 
solution (Pierce) for 5 minutes, and then, the 
fluorescent signal was captured in the G-Box 
equipment (GeneSys).

After obtaining the buffers, the membranes were 
washed with basal solution and incubated with 10 ml 
of Stripping Buffer (10mM Tris-HCl 7.5 pH; 0.1M 
β-Mercaptoethanol; 8M Urea) for 1 hour at 60°C, 
and incubated in 1M Tris-HCl with 7.5 pH for 30 
minutes, washed with basal solution and processed as 
described previously for marking the GAPDH protein, 
an internal control protein which does not change in 
quantity under different physiological conditions. The 
buffers were scanned and quantified through optical 
densitometry using the Image J program (The National 
Institute of Health, USA).

The data were analyzed using the Bioestat software 
version 5.0, and normalcy was assessed through the 
Shapiro-Wilk test. One Way ANOVA test was used 
for the analysis of variance, with Tukey’s post-test. 
P-value<0.05 was considered as significant.

RESULTS

After weaning, all animals had the same body 
mass (40.2±2.7 g). At the end of the first 45 days of 
the protocol, group D exhibited statistically significant 
reduction in body weight when compared to group 
C (53±7.2 versus 293.5±18.6 g, p<0.05). After the 
nutritional recovery phase (90 days), group D’s body 
mass increased, however, it did not reach group C’s 
values (305±20.4 versus 389.7±33 g, p<0.05).

In the histological section, a large inflammatory 
infiltrate and connective tissue may be noted in the 7-day 
groups, especially in group D7L, with small presence of 
muscle fibers in the early stage of regeneration. In the 
C7L group, reduction of the inflammatory infiltrate and 
connective tissue may be noted. In the 21-day groups, 
increase in the CSA of the regenerated fibers (with 
centralized core) may be noted in all groups, mainly in 
the C21L group (Figure 1).

In the acute phase of the muscle regeneration process, 
it was noted that groups C7 and D7 showed the same 
behavior in relation to the inflammatory process. However, 
in the chronic phase, there is a larger inflammation area 
in group D21 compared to C21 (p<0.01, Figure 2 A 
and C). LLLT favored the reduction of the inflammation/
regeneration area in group C7L compared to C7 
(p<0.01), without changing the muscle content of the 
TNF-α cytokine. In group D7L there was increase in 
the inflammation/regeneration area and decrease in the 
TNF-α content compared to D7 (p<0.05; Figure 2A and 
C). In the chronic phase, LLLT favored the reduction in 
the inflammation area, however, the interference of the 
type of diet in this context was not clear.

Figure 1. Histological cross-sections stained with HE of the tibialis 
anterior muscle of the groups assessed. Notice the inflammatory 
infiltrate and increased connective tissue in the 7-day groups 
and the increased CSA in fibers with centralized core in the 21-
day groups
* inflammatory infiltrate and connective tissue; regenerated muscle fiber with centralized core. 

50 µm bar
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Figure 2. Analysis of inflammation in the groups evaluated
In A: mean and standard deviation of the percentage of the inflammation and regeneration area; 
In B: TNF-α buffers; In C: Mean and standard deviation of the TNF-α content in arbitrary units. 
C: control; D: malnourished/recovered; L: group treated with LLLT. § differs from the respective 
7-day group; * differs from the respective L group; # differs from the respective C group; p<0.01

In relation to the quantification of the connective 
tissue, in the early stages of regeneration, LLLT favored 
the reduction of the CTDA only in group C7L when 
compared to C7 (p<0.01; Figure 3A). The contents of 
the TGF-β1 cytokine were similar in all 7-day groups 
(Figure 3C). Throughout the course of the regeneration 
process there was reduction of the CTDA in the control 
group (C21 and C21L) and in group D21L when 
compared to the respective 7-day groups (p<0.01). The 
positive effect of LLLT was evident in group D21L, 
with reduction in the CTDA when compared to group 
D21 (p<0.01; Figure 3A). However, the contents of the 
TGF-β1 cytokine showed reduction only in group C21 
when compared to C7 (p<0.01; Figure 3C.)

The CSA and the contents of the m-TOR protein 
were similar among all 7-day groups (Figure 4A and 
C), however, after 21 days of the injury, only group 
C21 showed a larger CSA and increase in the m-TOR 
content when compared to C7 (p<0.01; Figure 4A and 
C). LLLT favored the increase in the CSA of muscle 
fiber and in the m-TOR content in group C21L when 
compared to groups C21 and D21L (p<0.01; Figure 4A 
and C). In malnourished animals, the contents of the 
m-TOR protein were similar between the groups.
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Figure 3. Quantification of the connective tissue in the groups 
evaluated
In A: mean and standard deviation of the percentage of the area of connective tissue density. 
In B: TGF-β1 buffers. In C: mean and standard deviation of the TGF-β1 content in arbitrary units. 
C: control; D: malnourished/recovered; L: group treated with LLLT. § differs from the respective 
7-day group; * differs from the respective L group; # differs from the respective C group; p<0.01
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Figure 4. Analysis of muscle fiber in the groups evaluated
In A: mean and standard deviation of the cross-sectional area (CSA) of muscle fibers. In B: m-TOR 
buffers. In C: mean and standard deviation of the m-TOR content in arbitrary units. C: control; D: 
malnourished/recovered; L: group treated with LLLT. § differs from the respective 7-day group; * 
differs from the respective L group; # differs from the respective C group; p<0.01
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DISCUSSION

In this study, the gradual response of the control 
animals’ regeneration process, with reduction of 
inflammation, decrease of muscle TNF-α and 
of TGF-β1 and increase of m-TOR protein and 
muscle fiber CSA were noted, the process having 
been favored by the irradiation from the LLLT. The 
results of the malnourished groups suggest that the 
process of regeneration happens more slowly, with 
accumulation of connective tissue and deficit in the 
recovery of the CSA of regenerated muscle fibers, 
which are also minimized by the irradiation from  
the LLLT.

The post-weaning malnutrition protocol used in 
this study was effective, undermining the animals’ 
development, which was evidenced by the reduction 
in body mass of the malnourished group. These 
results corroborate Escriva et al.14, who claim that the 
reduction in the body mass of young rats caused by 
a low-protein diet is the result of functional changes 
of insulin in the tissues. Ihemelandu15 claims that 
malnutrition affects the growth and differentiation 
of cells, and that damages to the muscle system with 
reduction in proteins are fundamental to decrease 
body weight in adulthood.

In the process of regeneration of a normally 
nourished individual’s muscle fiber, after 48 hours of 
the injury, the necrotic parts of the muscle fibers are 
removed by macrophages, and, at the same time, the 
formation of connective tissue by fibroblasts begins. 
On the third day, the activation of satellite cells 
occurs, and on the fifth day, the fusion of myoblasts 
begins, and the connective tissue becomes denser. On 
the seventh day, the muscle cells regenerated begin 
to invade the scar’s region and, around the 21st day, 
the myofibrils merge, with little connective tissue 
between them16.

LLLT is used to speed up the process of 
regeneration as noted by Renno et al.17, who evaluated 
rats submitted to cryolesion and treated with AsGaAl 
laser (808 nm, 50 mw, and 10 J/cm2 and 50 J/cm2 
energy densities) and found reduction in the areas of 
cellular infiltrate and injury compared to the control 
group after 13 days. A similar result was found after 
21 days of cryolesion in the control and malnourished 
groups in this work.

Aimbire et al.18 observed in rats with lung injury that 
LLLT (AsGaAl, with 1.0, 2.5 and 5 mW power and 

650 nm wavelength) significantly reduced serum levels 
of TNF-α in the animals that received the irradiation 
when compared to the control group, the effect having 
been dose-dependent.

In this study we observed no such effect on the 
muscle content of TNF-α, probably due to it not 
representing the plasma content of the cytokine 
evaluated in most works.

The delay in the regeneration of malnourished and 
recovered animals after 21 days, suggested by the larger 
inflammation area in group D21, confirms what was 
observed by Pertille et al.19 14 days after the cryolesion 
with the same malnutrition protocol.

Lee et al.20 conducted a histopathological and 
morphometric analysis of the soleus muscle of rats 
submitted to a low-protein diet in the first few days 
of life, with subsequent recovery. In the normally 
nourished group, the connective tissue analysis showed 
a predominance of type I collagen distributed in an 
organized manner. The malnourished group showed a 
predominance of type III collagen in a disorganized 
manner, and there was return of type I collagen in the 
recovered group, but in a partially organized manner. 
The type I collagen is responsible for forming parallel 
fibers which confer tensile strength and rigidity21, and 
laser therapy accelerates the process of tissue repair 
with increased production and improvement in the 
organization of the collagen fibers22.

The positive effect of LLLT was evident in group 
D21L, with the reduction in the CTDA. However, the 
contents of the TGF-β1 cytokine showed reduction 
only in the 21-day control group. This cytokine is 
important in the synthesis and remodeling of the 
extracellular matrix, which is, therefore, commonly used 
to investigate the formation of fibrosis23.

In addition, LLLT favored the increase of CSA 
in the 21-day groups, mainly in the C21L group, in 
which there was an increase of the m-TOR protein, a 
kinase protein found in two multi-protein complexes, 
one of them being mTORC124, the central regulator 
of cellular growth, for controlling the RNAm 
translation and, consequently, the synthesis of 
proteins25.

The increase of CSA in fibers with LLLT confirms 
what has been noted in earlier works on the TA muscle, 
but with different LLLT parameters26,27.

Other studies should be performed to assess the type 
of collagen found in the area of the injury, as well as to 
assess the systemic inflammation markers.
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CONCLUSION

Low-intensity laser therapy with the parameters 
used favored muscle regeneration in the late phase (21 
days) of the experimental model of post-natal protein 
malnutrition and subsequent nutritional recovery.
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