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Abstract The aim of the present study was to determine the
effect of low-level laser therapy (LLLT) on the expression of
TNF-α and TGF-β in the tibialis anterior muscle of rats
following cryoinjury. Muscle regeneration involves cell
proliferation, migration and differentiation and is regulated
by growth factors and cytokines. A growing body of evidence
suggests that LLLT promotes skeletal muscle regeneration by
reducing the duration of acute inflammation and accelerating
tissue repair. Adult male Wistar rats (n=35) were randomly
divided into three groups: control group (no lesion,
untreated, n=5), cryoinjury without LLLT group (n=15),
and cryoinjury with LLLT group (n=15). The injured region
was irradiated three times a week using an AlGaInP laser
(660 nm; beam spot 0.04 cm2, output power 20 mW, power
density 500 mW/cm2, energy density 5 J/cm2, exposure time
10 s). Muscle remodeling was evaluated at 1, 7 and 14 days
(long-term) following injury. The muscles were removed and

total RNA was isolated using TRIzol reagent and cDNA
synthesis. Real-time polymerase chain reactions were per-
formed using TNF-α and TGF-β primers; GAPDH was used
to normalize the data. LLLT caused a decrease in TNF-α
mRNA expression at 1 and 7 days following injury and in
TGF-β mRNA expression at 7 days following cryoinjury in
comparison to the control group. LLLT modulated cytokine
expression during short-term muscle remodeling, inducing a
decrease in TNF-α and TGF-β.
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Introduction

Skeletal muscle is a dynamic tissue with an extraordinary
capacity for repair following injury. Thus, there is consid-
erable interest in skeletal muscle regeneration in situations
such as exercise-induced muscle injury, muscle transplan-
tation and muscular dystrophy, as well as the recovery of
strength following atrophy due to disuse [1–3]. The
enhancement of muscle regeneration and the prevention of
muscle fibrosis are the main objectives in improving
muscle healing following injury [4].

Muscle repair is a complex process that includes three
phases: (1) degeneration and inflammation, (2) muscle
regeneration, and (3) fibrosis. A number of molecules and
cellular events are essential to the activation of leukocytes
and the formation of new blood vessels during the repair
process, such as vascular endothelial growth factor, tumor
necrosis factor (TNF) and transforming growth factor
(TGF) [5, 6]. TNF-α is a potent proinflammatory cytokine
that influences various cell types and the chronic inflam-
matory process by recruiting polymorphonuclear cells and
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other immune cells, thereby contributing to the amplifica-
tion and progression of the inflammatory process [7, 8].
TGF-β is known to be the most potent growth factor
involved in wound healing throughout the body. Released
by degranulated platelets at the site of injury, TGF-β
influences the inflammatory response, angiogenesis, re-
epithelialization, extracellular matrix deposition and remod-
eling [9]. In skeletal muscle, members of the TGF-β
superfamily have been shown to have potent effects on
both muscle development and postnatal skeletal muscle
mass by modulating myoblast activity and inhibiting both
proliferation and differentiation [10, 11].

Low-level laser therapy (LLLT) has demonstrated
favorable effects in modulating the inflammatory response
and tissue repair [3, 12–15]. In muscle and tendon injuries,
LLLT has been shown to reduce the duration of acute
inflammation and accelerate tissue repair [1].

The aim of present study was to determine the effects of
LLLT on the expression of TNF-α and TGF-β during
muscle repair following cryoinjury in rats.

Materials and methods

Methods

The experimental procedures used in this study were in
compliance with the principles of laboratory animal care
formulated by the Brazilian College of Animal Experimen-
tation (COBEA) and received approval from the Ethics
Committee of the Universidade Nove de Julho São Paulo-
SP, Brazil (process number 13/2007).

Adult male Wistar rats (n=45), weighing 234±37.99 g
at the beginning of the procedure were maintained under
controlled conditions of room temperature (22°C) and
relative humidity (40%), with a 12-h light/dark cycle. The
animals were offered solid ration and water ad libitum
prior to and throughout the experimental period. The
animals were randomly divided into three groups: control
group (n=5, without injury, untreated), cryoinjury without
LLLT group (n=15), and cryoinjury with LLLT group (n=
15). Animals in the control group were killed 1 day after
the beginning of the experiment. The cryoinjury groups
with and without LLLT were evaluated at 1, 7 and 14 days
following injury. Animals evaluated at 1 and 7 days
comprised the short-term muscle remodeling groups, and
those evaluated at 14 days comprised the long-term
muscle remodeling group.

Surgical procedures were performed based on those
described by Miyabara et al [16], under anesthesia with
1 ml/kg of 1% ketamine HCl (Dopalen, Vetbrands, Sao
Paulo, Brazil) and 2% xylazine (Anasedan, Vetbrands, Sao
Paulo, Brazil). The tibialis anterior (TA) muscle was

surgically exposed and submitted to the cryoinjury proce-
dure. A round metal probe (3 mm in diameter) that had
been cooled with liquid nitrogen was applied to the surface
of the exposed TA and maintained in this position for 10 s.
After the frozen muscle had thawed, the procedure was
repeated on the same area for an additional 10 s.

The injured area was macroscopically identified as a
firm, white, disk-shaped region. In the cryoinjury groups,
only the left TA muscle was injured and the right side
served as the control. The surgical wounds were closed
with polyamide sutures and the animals were kept for
several hours on a warm plate (37°C) until they had
recovered from the effects of the anesthesia in order to
prevent hypothermia.

Laser irradiation

The laser device used in this study was an aluminum
gallium indium phosphide (AlGaInP) diode laser (MMOp-
tics, São Carlos, SP, Brazil), with a beam spot of 0.04 cm2,
an output power of 20 mW, a wavelength of 660 nm, an
energy density of 5 J/cm2, a power density of 500 mW/cm2

and an exposure time of 10 s. The laser beam was placed in
contact with the skin surface corresponding to the cryoin-
jured area and radiation was applied to eight points within
the area (Fig. 1). The energy per point was 0.2 J, giving a
total of 1.6 J per treatment. A LaserCheck power meter
(Coherent, Santa Clara, CA) was used to determine the
output of the equipment. The experiments were performed
with standardized procedures. Laser irradiation was initiat-

Fig. 1 TA laser irradiation procedure. Circles represent areas within
the injured region that received point laser treatment
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ed 24 h following the injury and performed three times a
week with a 24-h interval between sessions, giving a total
of three sessions for the muscles evaluated at 7 days and six
sessions for muscles evaluated at 14 days.

Animals were killed with an overdose of ketamine and
xylazine. The left and right TA muscles were removed,
weighed and immediately frozen in liquid nitrogen.

Total RNA isolation

Frozen TA muscle tissue was homogenized and total RNA
was isolated using cold TRIzol reagent (Invitrogen,
Carlsbad, CA), following the manufacturer’s instructions.
Total RNA was quantified by spectrophotometry and RNA
samples were treated with DNAse (Invitrogen) to avoid
contamination with genomic DNA. All solutions were
prepared with 0.01% diethyl pyrocarbonate-treated water
(Sigma, St Louis, MO), while glassware and plasticware
were treated against RNase using standard procedures.

cDNA synthesis and real-time PCR

For cDNA synthesis and real-time polymerase chain
reaction (PCR) analysis of gene expression, 1 µg of total
RNA was used. Contaminating DNA was removed using
DNase I (Invitrogen) at a concentration of 1 U/μg RNA in
the presence of 20 mM Tris-HCl, pH 8.4, containing 2 mM
MgCl2 for 15 min at 37°C, followed by incubation at 95°C
for 5 min for enzyme inactivation. Reverse transcription
was carried out in a 200-μl reaction mixture in the presence
of 50 mM Tris-HCl, pH 8.3, 3 mM MgCl2, 10 mM
dithiothreitol, 0.5 mM dNTPs and 50 ng of random primers
with 200 U of Moloney murine leukemia virus-reverse
transcriptase (Invitrogen). The reactions conditions were
20°C for 10 min, 42°C for 45 min and 95°C for 5 min.

Real-time PCR was accomplished using a SYBRGreen
kit (Applied Biosystems, Foster City, CA) on a 7000
sequence detection system (ABI Prism; Applied Biosys-
tems). The thermal cycling conditions were 50°C for 2 min,
95°C for 10 min, followed by 40 cycles at 95°C for 15 s
and 60°C for 1 min. Experiments were performed in
triplicate for each data point. TNF-α and TGF-β mRNA
abundance was quantified as a relative value compared with
an internal reference (GAPDH), the abundance of which
was believed not to change between the different experi-
mental conditions. The primers used for real-time PCR
were as follows: GAPDH (GenBank accession number NM
017008) forward primer 5′-TGCACCACCAACTGCT
TAGC-3′ and reverse primer 5′-GCCCCACGGCCATCA-
3′; rat TNF-α (GenBank accession number X66539)
forward primer 5′-AAATGGGCTCCCTCTATCAGTTC-3′
and reverse primer 5′-TCTGCTTGGTGGTTTGCTAC
GAC-3′; rat TGF-β (GenBank accession number NM

021578.2); sense: 5′-CCCCTGGAAAGGGCTCAACAC-
3′; and antisense: 5′-TCCAACCCAGGTCCTTCCTA
AAGTC-3′. The volume of the reverse transcription
reaction mixture for real-time PCR was 1 µl.

Quantitative values for TNF-α and TGF-β and GAPDH
mRNA transcription were obtained from the threshold cycle
(Ct) number at which the increase in the signal associated
with an exponential growth of PCR products began to be
detected. Melting curves were generated at the end of every
run to ensure product uniformity. The relative target gene
expression level was normalized on the basis of GAPDH
expression as an endogenous RNA control. ΔCt values of
the samples were determined by subtracting the average Ct
value of integrin-linked kinase mRNA from the average Ct
value of the internal control GAPDH. As it is uncommon to
use ΔCt as a relative value due to its logarithmic
characteristic, 2−ΔCt was used to express the relative
expression data.

Statistical analysis

TNF-α and TGF-βmRNAdata are presented asmean values ±
standard deviation (SD). The groupswere compared using one-
way analysis of variance (ANOVA), and the Tukey test was
used to determine the significance of differences among all
experimental groups. Values of p <0.05 were considered
statistically significant. Data were analyzed using GraphPad
Prism 4.0 statistical software (GraphPad Software, San Diego,
CA).

Results

The results of the TNF-α mRNA analysis in the control
group and the injured groups with and without LLLT are
shown in Fig. 2. There was a significant decrease in TNF-α
mRNA expression in the injured group with LLLT in
comparison with the injured group without LLLT at 1 and
7 days following injury, and in comparison with the control
group. In addition, at 7 days there was a significant increase
in TNF-α mRNA expression in the injured group without
LLLT in comparison with the other groups. At 14 days
following injury there were no significant differences in
TNF-α mRNA expression between the injured groups with
and without LLLT or between these groups and the control
group.

The results of the TGF-β mRNA analysis in the control
group and the injured groups with and without LLLT are
shown in Fig. 3. There was a significant decrease in TGF-β
mRNA expression in the injured group with LLLT at 7 days
following injury in comparison with the injured group
without LLLT, in comparison with the injured with LLLT at
1 day following injury, and in comparison with the control
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group. In addition, there was an increase in TGF-β mRNA
expression at 7 days in the injured group without LLLT in
comparison with the other groups except the control group.
At 14 days following injury, there were no significant
differences in TGF-β mRNA expression between the
injured groups with and without LLLT but there was a
decrease in TGF-β mRNA expression in the injured group
with LLLT in comparison with the control group.

Discussion

LLLT is used in many biomedical sciences in an attempt to
modulate inflammatory process and promote tissue regen-
eration. In this study LLLT promoted a decrease in TNF-α
mRNA expression at 1 and 7 days and a decrease in TGF-β
mRNA expression at 7 days following muscle injury. These
findings strongly suggest the positive influence of this kind
of therapy on the muscle repair process.

The muscle regeneration process is divided into three
distinct phases. In the inflammation phase, necrosis of
damaged muscle fiber segments and phagocytosis of the

necrotic debris are the main features. The goals of treatment in
this phase are to limit the size of the hematoma and to avoid an
excessive inflammatory reaction [17, 18]. In the repair or
regeneration phase, the main feature is the proliferation of
reserve satellite cells and endomysial fibroblasts, which is
followed by active protein synthesis. Quiescent mononucle-
ated muscle precursor cells (myoblasts, satellite cells)
become activated, proliferate, differentiate and fuse to form
young multinucleated muscle cells, known as myotubes.
These myotubes then undergo further differentiation and
mature to form fully functional muscle fibers [4]. These
processes are controlled by various components of the
disintegrated extracellular matrix and plasmalemma and by
the availability of growth factors. The muscle healing,
maturation or remodeling phase is characterized by a gradual
recovery of the functional properties of the muscle, including
the recovery of the tensile strength of its connective tissue
component. The remodeling of the extracellular matrix
provides structural support and protection and is important
in maintaining the functional integrity of the fibers [19, 20].

This study indicated a short-term decrease in TNF-α and
TGF-β mRNA expression during muscle healing . After a

Fig. 2 TNF-α mRNA
expression in the control group
and the injured groups with and
without LLLT. The same letter
denotes a significant difference,
as evaluated using ANOVA and
the Tukey test
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Fig. 3 TGF-β mRNA
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denotes a significant difference,
as evaluated using ANOVA and
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muscle is injured, tissue necrosis occurs followed by several
stages of cell infiltration, generally characterized by early
neutrophil invasion and a sequential increase in macrophages.
Macrophages play a decisive role in the removal of necrotic
tissue and, together with fibroblasts, produce complementary
chemotactic signals (cytokines, growth factors and chemo-
kines) to attract circulating inflammatory cells and proin-
flammatory cytokines, such as TNF-α, IL-1β, IL-6 and IL-8,
which are important in the modulation of chemotaxis to the
injured muscle [6]. Langen et al. [21] found that the
administration of TNF-α induces muscle atrophy, demon-
strating a causal role for this cytokine in inflammation-
associated muscle wasting and demonstrated that myoblast
differentiation and fusion are inhibited in response to
inflammatory stimuli, including TNF-α [22].

Furthermore, muscle regeneration following muscle
damage or during recovery from atrophy requires the
activation of quiescent satellite cells, which enter the cell
cycle and proliferate. This proliferative phase is followed
by terminal differentiation and fusion of myoblasts to
damaged muscle fibers leading to the repair of the fibers
or to each other leading to the formation of new muscle
fibers [11, 21, 23, 24]. Studies indicate that TGF-β and
TNF-α prevent myogenic differentiation and could cause
failure of skeletal muscle regeneration [11, 21]. TNF-α has
been associated with decreased MyoD protein stability and
abundance [22]. Thus, a decrease in the level of these
factors could enhance the muscle repair process by
facilitating muscle cell differentiation.

In agreement with the findings of the present study, other
authors employing LLLT have reported differences in the
inflammatory response of animals treated with laser
radiation. Silveira et al. [13] found an elevated number of
polymorphonuclear cells, especially mast cells, within the
first hours of the experiment, followed by decreased levels
on day 3 after LLLT and, consequently, in cytokine levels.
In inflamed bronchial smooth muscles in rats, LLLT
significantly decreased the expression of TNF-α mRNA
in comparison with bronchial smooth muscle segments
incubated with lipopolysaccharide without any laser treat-
ment [25]. In another study, laser irradiation at both 660 nm
and 684 nm wavelengths of inflamed rat paw tissue at a
dose of 7.5 J/cm2 reduced the expression of TNF-α, IL-1β
and IL-6 mRNAwithin 3 h in the irradiated tissue [26]. The
decrease in TNF-α mRNA expression observed in injured
group with LLLT at 1 and 7 days (early phase of
inflammation) induced a decrease in the recruitment of
polymorphonuclear cells and, consequently, in the progres-
sion of the inflammatory process. Thus, LLLT could
contribute to a faster resolution of muscle repair.

We used the same muscle injury model in a previous study
(in press). The results of the morphological analysis revealed
that the nontreated and cryoinjury LLLT groups exhibited

similar morphological aspects throughout skeletal muscle
repair process. At 1 day following injury, the skeletal muscle
exhibited neutrophil infiltration with edema and necrotic
fibers. At 7 days, the tissue exhibited a reduction in
inflammatory infiltration, with the appearance of immature
skeletal muscle cells. At 14 days, there was a decrease in
inflammatory infiltration and the fibers exhibited an increase
in diameter, but the majority of fibers had a centrally located
nucleus. At 21 days, most cells had a mature appearance.
These results are in agreement with the present findings
regarding laser-induced changes in the expression of TGF-β
and TNF-α, as there was a decrease in both cytokines at
7 days in injured group with LLLT, with the beginning of a
decrease in inflammatory cell infiltration, along with more
evident muscle cell proliferation.

TGF-β and TNF-α are involved in the fibrosis and
stiffness observed in dystrophic muscle and TGF-β
inactivation has been found to reduce fibrosis and improve
contractile properties following muscle laceration [27, 28].
Moreover, overproduction of TGF-β has been associated
with tissue fibrosis in injured skeletal muscle [29].
Considering these findings, the present results indicate that
LLLT enhances the muscle repair process by decreasing
both TGF-β and TNF-α, thereby preventing fibrosis and
deficits in contractile properties.

In conclusion, the present study demonstrated that LLLT
was able to modulate cytokine expression, with a reduction
in TNF-α and TGF-β during the short-term period of
muscle healing following cryoinjury to the TA muscle in
rats. This was a preliminary study and further studies are
needed in order to clarify how LLLT induces changes in
cytokine expression during skeletal muscle repair using
different parameters and injury models.
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