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ABSTRACT

Introduction: Skeletal muscle atrophy leads to a reduction in muscle strength,
functionality, and the quality of life of individuals. Objective: To explore the effects of
two different wavelengths (red and infrared) of laser PBMT on muscle atrophy and its
active ingredients on skeletal muscle atrophy using an in vivo model of muscle atrophy.
Methods: Thirty-two Wistar rats were randomly divided into four experimental groups:
control (CG) animals were not immobilized and did not receive any type of treatment;
immobilized animals with no treatment (ImC); immobilized animals submitted to red
laser with wavelength of 660 nm (ImR) and near-infrared laser with wavelength of 808 nm
(ImIR) treatments. The treatments were applied daily, at 2 points in the right gastrocnemius
muscle (cranial and caudal), through the punctual contact technique, for 9 sessions, with
the first application immediately after removing the cast. Results: The histological results
demonstrated that in both treated groups (red and infrared wavelengths) a reduction of the
inflammatory infiltrate and less connective tissue thickening when compared to the ImC.
However, only infrared light was observed regenerating muscle fibers and an increase in
the number of oxidative fibers (type I). Conclusion: These results suggest that red and
infrared wavelength laser PBMT were able to promote changes in the morphology of the
gastrocnemius muscle submitted to atrophy in an experimental immobilization model,
reducing the inflammatory infiltrate and the formation of intramuscular connective tissue.
However, infrared laser PBMT promoted more evident positive effects by increasing
regenerating muscle fibers and the number of oxidative fibers.

Keywords: phototherapy; low-level laser therapy; muscular atrophy; immobilization.

INTRODUCTION

The loss of muscle mass or skeletal muscle atrophy can be clinically detected in the
elderly, in situations of disuse and prolonged immobilization, and in various clini-

cal conditions such as cancer, diabetes mellitus, heart and lung diseases, acquired
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immunodeficiency syndrome (HIV), sepsis, denervation, muscu-
lar dystrophies and in the 2019 coronavirus disease (COVID-19)
caused by the coronavirus 2 (SARS-CoV-2)"4,

It is estimated that this type of musculoskeletal change has
increased by 46% in recent years due to population aging and
prolonged hospitalization. Functional outcomes are heteroge-
neous while some individuals fully recover, others will remain
with persistent muscle weakness. Sustained muscle atrophy fol-
lows in functional limitations, and decreased quality of life™®. In
this sense, research aimed at developing therapeutic interventions
aimed at attenuating the atrophy process, stimulating the regen-
erative process, as well as favoring the structural and functional
recovery of muscle tissue is extremely important.

Currently, photobiomodulation therapy (PBMT) using lasers
(light amplification by stimulated light emission) and LEDs (light
emitting diodes) has been identified as a safe and promising tool
for the treatment of a variety of diseases and musculoskeletal in-
juries because it has modulating properties of the inflammatory,
analgesic and repairing process’.

It is known that monochromatic light penetrates tissues and
is absorbed by specific cellular photoreceptors, called chromo-
phores, promoting various cellular and molecular modifica-
tions'®!}, as an increase in mitochondrial membrane potential
and synthesis of adenosine triphosphate (ATP), stimulating
the transcription of several genes responsible for increasing
the endogenous antioxidant defense system, preventing and
repairing muscle damage, as well as optimizing the perfor-
mance of muscle fibers'>'.

Lakyova et al.'* observed that red wavelength laser caused a
profound reduction in muscle atrophy and enhanced recovery
after the ischemia/reperfusion muscle atrophy model in rats
by attenuating the inflammatory reaction and facilitating an-
giogenesis. Although some studies are showing the positive ef-
fect of laser PBMT on changes in skeletal muscle tissue, some
issues regarding muscle atrophy in immobilization are not yet
known. There are few studies in the literature investigating the
effect of different laser PBMT wavelengths in the treatment of
muscle atrophy.

In this context, it was hypothesized that laser PBMT could
influence cell metabolism, increasing tissue bioenergetics, and
attenuating the muscle proteolysis process, constituting an ade-
quate and effective treatment to be used in clinical practice. In this
sense, cellular evidence in this scenario would be of great value to
accurately understand the benefits of using these therapeutic ap-
proaches in muscle tissue recovery after muscle atrophy, particu-
larly because evidence is scarce in this area of knowledge.

Using an experimental model of muscle atrophy by plastered
immobilization, a study focused on evaluating the effects of PBMT
on the red and infrared wavelengths through histopathological

and histochemical analysis of muscle tissue was carried out.
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METHODS

Experimental Design

The Ethics Committee on the Use of Animals of the UNESP
(Sao Paulo State University) approved this research (CEUA pro-
tocol 5937). Thirty-two male Wistar rats were used (male, Rattus
norvegicus Albinus, Rodentia, Mammalia, average body mass of
250 g), remained in collective polypropylene cages, transparent,
with one animal per cage, under controlled humidity and tem-
perature (23°-25°C), 12 hours dark/light cycle, with free access to
balanced food and filtered water.

Rats were divided into 4 groups (n=8 each): basal control (CG)
animals were not immobilized and did not receive any type of
treatment; immobilized animals with no treatment (ImC); immo-
bilized animals submitted to red laser with a wavelength of 660
nm treatment (ImR); immobilized animals submitted to near-

infrared laser with a wavelength of 808 nm treatment (ImIR).

Experimental muscle atrophy induction

Rats were anesthetized before the wound induction, with an in-
traperitoneal injection of ketamine and xylazine (doses of 40 and
10 mg/kg, respectively — Vetbrands, Brazil) and then their hind
limbs were trichotomized. Subsequently, a monolateral immo-
bilization of the right hind limb was performed for each animal
using a plaster cast splint with full plantar extension for 5 days.
The mold was wrapped with a fine mesh steel mesh to prevent
chewing according to Aoki et al.'>. At the end of the procedure, the

animals received appropriate post-anaesthesia care.

PBMT Protocol

A gallium-aluminium-arsenide (GaAlAs) diode laser (Photon
Laser II, DMC® equipment Ltda, SP, Sdo Carlos, Brazil), was used
in the following parameters: continuous irradiation mode, 808
nm wavelength, 30 mW power output, 56 sec irradiation time,
0.028 cm” spot area, dose 60 J/cm?, irradiance 1.07 W/cm?, 1.4
J total energy per point/section. The PBMT irradiation was per-
formed daily for nine consecutive days, starting immediately after
removing the cast at 2 points: right gastrocnemius muscle (cranial
and caudal), through the punctual contact technique. Ten days
after surgery, all animals were euthanized individually by anes-
thesia overdose (twofold anesthesia dose), and the muscle of each

animal was removed for analysis.

Histopathological analysis

After the euthanasia of the animals, the right gastrocnemius
muscle was collected. The muscle was immediately frozen in
isopentane pre-cooled in liquid nitrogen, and then stored in a
freezer at —80 °C (Forma Scientific, Marietta, OH). Serial muscle
cross-sections for histology were obtained (one section of 10 um
in each 100 um of tissue) using a cryostat microtome (Micron HE
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505, Jena, Germany). Five sections of each specimen were stained
with hematoxylin and eosin (HE stain, Merck), and the other five
sections were submitted to Histochemistry of myosin ATPase
and examined using light microscopy (Leica Microsystems AG,
Wetzlar, Germany) and five sections of each specimen were sub-
mitted to Histochemistry of myosin ATPase.

Muscle fiber cross-sectional area (CSA) and
muscle fiber density analysis

The CSA and muscle fiber density were examined under light
microscopy (Leica Microsystems AG, Wetzlar, Germany), with a
4x objective, using a computer-based image analysis technique
(AxioVision 4.7; Carl Zeiss, Oberkochen, Germany). The CSA
and the number of fibers were obtained by measuring the area of
fibers located in six preselected (150 pm?) areas. A double-blind

procedure (LA and SG) was used for measurements'™.

Histochemistry of myosin ATPase

The muscle-type fibers were identified through the myosin
ATPase reaction was used to identify. ATP is the reaction energy
source, myosin is the enzyme, and substrate Pi is the reaction
product. The Pi is not visible by histochemistry, the reaction re-
quires that Pi react with calcium to form the precipitate calcium
phosphate. The next step in the process produces brownish black
cobalt sulfide, easily visible and less soluble. As Pi is released by the
myosin molecule’s consumption of ATP, a brownish-black prod-
uct is deposited on the muscle tissue section. The fast-contracting
fibers appear dark histochemical, and the slow-contracting fibers
appear light. Type I fibers react deeply after acid preincubation at
pH 4.3, and lightly after alkali pre-incubation at pH 10.3. The op-
posite occurs with type IT muscle fibers'®. The density of type I and
II fibers was evaluated in six preselected areas (150 um?), under a

light microscopy, with a 4x objective.

Statistical Analysis

The 6.01 GraphPad Software (USA) was used for statistical
analysis. The data were submitted to the Shapiro-Wilk’s normality
test. How the resulting data had no normal distribution, they were
statistically analyzed by using the Kruskal-Wallis test followed by

Dunn’s test. The significance level of 5% (p < 0.05) was considered.

RESULTS

Histological descriptive analysis

Representative images of the gastrocnemius muscle sections
are shown in Figure 1. Histopathological analysis revealed that
the CG group had normal skeletal striated muscle tissue struc-
tures, exhibiting muscle fibers with regular polygonal aspect,

homogeneous size, peripheral nuclei, and organization fibers
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equidistant from each other and in normal fascicular distribu-
tion. For the immobilized animals (IMC, ImR, and ImIR), mor-
phological changes were observed, including muscle fibers with
varied shapes and irregular size, infiltration of undifferentiated
cells (inflammatory), and thickening of the intramuscular con-
nective tissue more evident in the perimysium. The groups treat-
ed with laser PBMT (ImR and ImIR) had similar histological
findings, with a reduced amount of inflammatory cell infiltrate
and less connective tissue thickening when compared to immo-
bilized animals that did not receive treatment. These changes
were more evident in the ImIR group, which presented reduced
inflammatory infiltrate, and mild connective tissue thickening,
and it was possible to observe muscle fibers with a central nucle-
us, which resemble regenerating fibers, when compared to the

ImR group.

Morphometry of CSA

Figure 2 illustrates the data obtained for CSA evaluation. A sig-
nificant reduction in muscle fiber CSA was observed in the ImC
group (p=0.0131), ImR (p=0.0285), and ImIR (p=0.0019) when
compared to the CG group. No other statistical differences were
observed between the other experimental groups.

Muscle Fiber Density

The values obtained in the muscle fiber density analysis can be
observed in Figure 3. Muscle fiber density analysis revealed that
all immobilized groups, ImC (p=0.002), ImR (p=0.0156), and
ImIR (p=0.0017) produced a significant increase in fifer density
compared with the CG. No other statistical differences were ob-
served between the other experimental groups.

ATPase descriptive analysis

Figure 4 reveals the morphological evaluation of type I and II
muscle fibers. In group CG it is possible to identify type I and
type II fibers. However, in the immobilized groups, type II fibers
are predominant compared to the CG. No other differences were

observed between the immobilized groups.

Type | fiber density analysis

The density of type I fiber evaluation (Figure 5) exhibited a re-
duction in the immobilized experimental groups ImC (p=0.002)
and ImR (0.003) when compared to the CG group. Furthermore,
an increase in the density of type I fibers was observed in the ImIR

group compared to the ImC (p=0.002) and ImR (p=0.029) groups.

Type Il fiber density analysis

Figure 6 shows the morphometric evaluation of type II fiber
density. It was possible to verify an increase in all immobilized
groups (ImC, ImR, and ImIR) compared to the CG group. No ad-
ditional differences were observed.

Page 3 of 10


https://doi.org/10.7322/abcshs.2021248.1964

Gongalves et al.

ABCS Health Sci. 2023;48:6023232

Figure 1: Photomicrographs of morphological analysis of gastrocnemius muscle cross-sections. Normal fibers (arrowhead); connective
tissue (asterisks), inflammatory infiltrate (arrowhead); fiber with central nucleus (arrow). Basal control (CG) animals were not immobilized
and did not receive any type of treatment; immobilized animals with no treatment (ImC); immobilized animals submitted to red laser with a
wavelength of 660 nm treatment (ImR); immobilized animals submitted to near-infrared laser with a wavelength of 808 nm treatment (ImIR).

(Stain: HE; Scale bar: 50 um).

DISCUSSION

Considering the need to provide subsidies for the implementa-
tion of more specific and targeted intervention plans for the reha-
bilitation of patients with muscle atrophy, this study was conduct-
ed. The main results show that laser treatment with PBMT at both
wavelengths was able to reduce the inflammatory infiltrate and
the amount of intramuscular connective tissue. It is noteworthy
that these findings were more pronounced in the ImIR group, and
it is possible to observe morphological findings of regenerating
muscle fibers and an increase in the number of oxidative fibers
(type I fibers) when compared to the other immobilized groups.

As previously described, muscle atrophy remains a preva-
lent clinical challenge and the methods used for rehabilitation
are often still poorly understood>®. To investigate the com-
plex cellular and molecular mechanisms triggered by different
types of treatments, animal models have been used, with the

https://doi.org/10.7322/abcshs.2021248.1964

immobilization technique being the most frequently used for
inducing muscle atrophy'”°. In this model, disuse of the limb
causes a reduction in gastrocnemius muscle tension, which will
initiate a process of protein content degradation with a con-
sequent reduction in the cross-sectional area of the muscle
fiber, in addition to a reduction in muscle glycogen reserves,
proliferation of intramuscular connective tissue, decreased
neuromuscular transmission and compromised force produc-
tion'”*°. Furthermore, this type of immobilization can result in
changes in the strength-length relationship by the position in
which the muscle is positioned during immobilization, and ac-
cording to Shah et al.?, immobilization with the musculature
in a shortened position will cause a decrease in the number
of sarcomeres. Previous studies reveal that this type of muscle
morphological change is more pronounced in the period of two

or three weeks after immobilization in a shortened position'®".
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Figure 2: Morphometric analysis of CSA. Basal control (CG) animals were not immobilized and did not receive any type of treatment;
immobilized animals with no treatment (ImC); immobilized animals submitted to red laser with a wavelength of 660 nm treatment (ImR);
immobilized animals submitted to near-infrared laser with a wavelength of 808 nm treatment (ImIR) (indicated as * p=0.05 versus CG).

Figure 3: Muscle fiber density. Basal control (CG) animals were not immobilized and did not receive any type of treatment; immobilized animals
with no treatment (ImC); immobilized animals submitted to red laser with a wavelength of 660 nm treatment (ImR); immobilized animals submitted
to near-infrared laser with a wavelength of 808 nm treatment (ImIR) (indicated as * p=0.05 versus CG).
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Figure 4: Photomicrographs of ATPase analysis of gastrocnemius muscle cross-sections. Type | fibers (asterisk); Type Il fibers (arrowhead);
Basal control (CG) animals were not immobilized and did not receive any type of treatment; immobilized animals with no treatment (ImC);
immobilized animals submitted to red laser with a wavelength of 660 nm treatment (ImR); immobilized animals submitted to near-infrared
laser with a wavelength of 808 nm treatment (ImIR). (ATPase 9.4 staining. Scale bar =100 pum).

Figure 5: Type | fiber density. Basal control (CG) animals were not immobilized and did not receive any type of treatment; immobilized animals
with no treatment (ImC); immobilized animals submitted to red laser with a wavelength of 660 nm treatment (ImR); immobilized animals submitted
to near-infrared laser with a wavelength of 808 nm treatment (ImIR) (indicated as * p=0.05 versus CG and # versus ImIR).
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Figure 6: Type |l fiber density. Basal control (CG) animals were not immobilized and did not receive any type of treatment; immobilized
animals with no treatment (ImC); immobilized animals submitted to red laser with a wavelength of 660 nm treatment (ImR); immobilized
animals submitted to near-infrared laser with a wavelength of 808 nm treatment (ImIR) (indicated as * p=0.05 versus CG).

On the other hand, some studies show significant muscle adap-
tations between 1 and 7 days after immobilization?"*.

The histological analysis of the present study is consistent with
the morphological findings of the studies, since in animals that
were submitted to the joint immobilization model for 5 days, the
presence of inflammatory cell infiltrate, muscle fibers with var-
ied shapes can be observed in the analyzed muscles and irregu-
lar size, reduced profile and increased density of muscle fibers,
in addition to thickening of the intramuscular connective tissue.
Evidence shows that in the initial stage of the atrophy process due
to immobilization, muscle proteolysis is directly associated with
the increase of pro-inflammatory cytokines (especially TNE-c
and IL-1P) that cause the activation of the ubiquitin-proteasome
system pathways®. Furthermore, the proliferation of intramuscu-
lar connective tissue is linked to a reduction in active and passive
muscle tension, which occurs during immobilization, associated
with changes in fibroblast activity that increase the synthesis of
intramuscular connective tissue, especially in immobilization by
shortening, corroborating with the findings observed in the pres-
ent study'®* describe an increase in connective tissue density
within 2 days after immobilization and suggest that the reduction
in muscle mechanical load is linked to the production of growth
factors that stimulate collagen synthesis. The same authors de-
scribe that the morphological observations related to the increase

in the intramuscular connective tissue cause a mechanical barrier

https://doi.org/10.7322/abcshs.2021248.1964

that interferes with the blood flow from the capillaries to the mus-
cle fibers, accentuating the atrophy process.

Interestingly, in the present study, after treatment with laser
PBMT applied at two points in the gastrocnemius muscle, the ani-
mals presented reduced inflammatory infiltrates and less connec-
tive tissue thickening when compared to the ImC. Furthermore, it
was also possible to verify that the ImIR animals had less inflam-
matory infiltrate, less connective tissue thickening, and the pres-
ence of regenerating muscle fibers (fibers with a central nucleus)
when compared to the ImR.

The application of PBMT on muscle tissue through trophic
changes has been the object of intense scientific study in recent
years®?. In these studies, the use of PBMT within the ranges
intended for visible light and/or near-infrared is observed.
Within this context, it is suggested that the main role of PBMT
in muscle tissue in the atrophy process is related to the effect that
the therapy can modulate the inflammatory process, inhibit the
activation of the UPS system, and stimulate the proliferation of
satellite cells responsible for myogenesis and formation of new
muscle fibers?. Studies in several models show that this thera-
peutic approach can induce the expression of cell cycle regula-
tory proteins and activate satellite cells*-*, stimulating myotube
formation®’, promoting angiogenesis®, increasing the number of
regenerating fibers and mitochondrial density and activity?>*"*,

in addition to improving the organization of regenerated muscle
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fibers®. Thus, all these stimuli caused by the action of PBMT in
muscle tissue can explain the morphological findings observed
in muscles that underwent laser treatment.

Furthermore, the more pronounced effects observed in the
present study in the ImIR group may be related to the abil-
ity of greater tissue penetration compared to the ImR, which
could intensify the transfer of electrons within the cytochrome
of a greater number of cells and, consequently, stimulate more
nuclear factors responsible for modulating the inflammatory
process, stimulating myogenesis and inhibiting pathways re-
lated to muscle proteolysis**?*. Muniz et al.** and Mandelbaum-
Livnat et al.’” also describe that the infrared laser provided
attenuation of muscle atrophy in experimental studies. Using
a disuse-induced muscle atrophy model (pelvic limb suspen-
sion), Nakano et al.’! demonstrated that the treatment with
PBMT caused in the infrared wavelength (830 nm) provided an
increase in the diameter of myofibers and the number of cap-
illaries, and significantly increased the proliferation of satel-
lite cells and myofibers of the atrophied muscle. Furthermore,
Kou et al.*® reported that PBMT attenuated the progression of
muscle atrophy induced by disuse because the therapy increas-
es the proliferation of satellite cells and protects against cel-
lular apoptosis. More recently, Svobodova et al.** demonstrated
that PBMT (808 and 905 nm) resulted in positive effects in
the preservation of muscle atrophy induced after spinal cord
injury. Furthermore, in a model of muscle atrophy induced af-
ter transection of the anterior cruciate ligament, Assis et al.*,
verified that PBMT (808 nm) was able to significantly increase
the muscle section area, decrease the muscle fiber density and
the expression of atrogin-1 and Murf-1, proteins responsible
for the proteolysis of the muscle fiber.

Regarding the smaller amount of connective tissue observed
in the present study in animals undergoing PBMT, with empha-
sis on the IR, it can be inferred that the therapy prevented the
deposition of fibrous tissue, favoring the recovery of skeletal
muscle. As mentioned above, excessive collagen deposition be-
tween capillaries and myofiber membranes reduces the nutri-
tional support of muscle fibers, impairing muscle regeneration.
Assis et al.'? verified that laser PBMT at an infrared wavelength
exerted a positive biological effect on regenerating muscle tis-
sue since it reduced the expression of TGF- with a consequent
reduction in local collagen accumulation, preventing the depo-
sition of fibrous tissue and favoring skeletal muscle recovery'.

Additionally, it is known that periods of muscle disuse
promote marked mitochondrial alterations that contribute to
the impairment of muscle fiber metabolism? It is reported
that oxidative muscle fibers (type I) are the most vulnerable
to muscle atrophy when compared to glycolytic fibers (type
I1)*2. In the present study, we observed a reduction in type I
fibers in the immobilized groups and an increase in type II

https://doi.org/10.7322/abcshs.2021248.1964

fibers, demonstrating that the immobilization caused a pre-
dominance of glycolytic fibers. Interestingly, in the muscle
irradiated with PBMT, there was a greater number of oxida-
tive fibers when compared to the other immobilized groups.
Previous studies suggest that PBMT proves to be effective
in reestablishing the bioenergetic pathways of muscle me-
tabolism, increasing ATP synthesis, and reducing the end
products of oxidative stress'>. Furthermore, there is evi-
dence that irradiation promotes the proliferation and fusion
of mitochondria, increasing mitochondrial density and size
in tissue'*'. Thus, it is believed that these effects may have
positive repercussions during the rehabilitation of atrophied
muscle since light may have provided an energy increase in
the muscle fiber, thus maintaining the number of oxidative
muscle fibers observed in the present study.

Based on the results observed in the present study, it can be
observed that the period of 5 days of immobilization was suf-
ficient to cause significant morphological changes characteristic
of muscle atrophy. The treatment immediately after the removal
of the immobilization, using PBMT with red laser and infrared,
was able to induce an adequate tissue response to modulate the
signs of muscle atrophy, with these results being more evident
with the infrared.

Thus, the present study provides important information about
the effect of laser PBMT as an adjunct to the treatment of muscle
atrophy, suggesting the choice of therapy in the early rehabilita-
tion of muscles submitted to short-term immobilization.

Yet, as part of an ongoing effort to mobilize clinical tools
(non-invasive, relatively inexpensive, and with no reported
side effects) with the potential to attenuate muscle atrophy due
to immobility, the present study offers compelling reasons to
explore the potential effects of infrared PBMT as prevention
complications associated with atrophy. However, it is neces-
sary to investigate, through experimental and clinical studies,
controlled and randomized, to validate whether this and other
light spectra could be beneficial in the prevention and/or at-

tenuation of muscle atrophy.

Conclusion

In conclusion, the findings of the present study suggest that
red and infrared laser PBMT were able to promote changes in
the morphology of the gastrocnemius muscle submitted to at-
rophy in an experimental immobilization model, reducing the
inflammatory infiltrate and the formation of intramuscular con-
nective tissue. However, infrared laser PBMT promoted more
evident positive effects by increasing regenerating muscle fibers
and the number of oxidative fibers. This type of experimental
evidence is necessary for the design of other clinical trials in-
volving the use of PBMT in disorders that affect the musculo-
skeletal system.
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