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ABSTRACT

Pharmacological therapy is widely used in the treatment of
muscle injuries. On the other hand, low-level laser therapy
(LLLT) arises as a promising nonpharmacological treatment.
The aim of this study was to analyze the effects of sodium
diclofenac (topical application) and LLLT on morphological
aspects and gene expression of biochemical inflammatory
markers. We performed a single trauma in tibialis anterior
muscle of rats. After 1 h, animals were treated with sodium
diclofenac (11.6 mg g-1 of solution) or LLLT (810 nm; con-
tinuous mode; 100 mW; 3.57 W cm�2; 1, 3 or 9 J; 10, 30 or
90 s). Histological analysis and quantification of gene expres-
sion (real-time polymerase chain reaction—RT-PCR) of cy-
clooxygenase 1 and 2 (COX-1 and COX-2) and tumor
necrosis factor-alpha (TNF-a) were performed at 6, 12 and
24 h after trauma. LLLT with all doses improved morpho-
logical aspects of muscle tissue, showing better results than
injury and diclofenac groups. All LLLT doses also decreased
(P < 0.05) COX-2 compared to injury group at all time
points, and to diclofenac group at 24 h after trauma. In
addition, LLLT decreased (P < 0.05) TNF-a compared both
to injury and diclofenac groups at all time points. LLLT
mainly with dose of 9 J is better than topical application of
diclofenac in acute inflammation after muscle trauma.

INTRODUCTION
Skeletal muscle injury represents a challenge to physicians and
physiotherapists. Injury can occur due to many mechanisms such
as strains, contusions, ischemia and neurological damage (1).

In strain injuries, muscles are excessively stretched leading to
overload of myofibers and rupture of myotendinous junction, and
in contusion injuries muscles are strongly compressed, usually
due to a single trauma. Consequently, injured muscle suffers a

degeneration and regeneration process (1,2). Skeletal muscle
injuries also lead to biochemical and morphological changes,
independent of injury mechanism (3).

Skeletal muscles are well vascularized, consequently muscle
injuries cause hemorrhage and edema (4). Furthermore, immedi-
ately after a muscle injury, destruction of muscle fibers and dam-
age to sarcolemma and other structures such as sarcomere and
organelles are observed (5). Following this, inflammatory cells
like macrophages and neutrophils move to injured fibers starting
local inflammatory process (1).

Inflammatory response begins with migration of leukocytes to
the site of injury. There is migration of neutrophils after few hours
until 24 h from injury, and macrophages arrive to injury site after
24 h until 14 days from injury (6). Neutrophils and macrophages
contribute to tissue degradation through release of reactive oxygen
species (ROS) (7) and production of proinflammatory cytokines
such as interleukin 1-beta (IL-1b) and tumor necrosis factor-alpha
(TNF-a) until 5 days after muscle injury (8). Therefore, inflamma-
tory response after muscle injury is predominantly proinflammatory.

Cyclooxygenase enzyme has three isoforms. Cyclooxygenase 1
(COX-1) has a constitutive role and synthetizes prostaglandins
that are important to homeostasis (9). Cyclooxygenase 2 (COX-2)
plays an important role in inflammation, mainly in production of
prostaglandin E2 (PGE2) related to pain in inflammatory response.
On the other hand, the role of cyclooxygenase 3 (COX-3) still is
not well-established (10,11). Therefore, regarding modulation of
COX in inflammation, the desirable would be the decrease of
COX-2 without change in COX-1 activity (12,13).

Currently several therapies are employed in treatment of acute
skeletal muscle injuries, such as: cryotherapy, electrical therapy,
ultrasound therapy and anti-inflammatory drugs. Non-steroidal
anti-inflammatory drugs (NSAIDs) are widely prescribed and are
used to treat muscle injuries over the years (14). However, these
drugs usually treat only the symptoms of inflammation and not the
disease cause (15,16). In addition, several kinds of side effects
related to long-term use of these drugs have been observed (17,18).

In the last few years, low-level laser therapy (LLLT) has been
showing positive effects in several musculoskeletal disorders
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such as: arthritis (19), tendinitis (20,21), neck pain (22–24), low
back pain (25), skeletal muscle fatigue (26–31) and others.
However, effects of LLLT in skeletal muscle injuries were just
investigated in few animal trials (32,33). And to the best of our
knowledge, investigation about dose-response patterns, optimal
parameters as well as comparisons with pharmacological
treatments have not been done.

With this perspective in mind, we aimed to test and to com-
pare the effects of sodium diclofenac with topical application
and LLLT in acute inflammation in an experimental model of
skeletal muscle injury induced by trauma in rats.

MATERIALS AND METHODS

Animal model of standardized muscle trauma. The experiments were car-
ried out with male Wistar rats weighing 200 g, with food and water ad libi-
tum. Central animal house of Nove de Julho University provided animals.
All rats were randomly divided into groups of six animals. The policies
and procedures of the animal laboratory are in accordance to Brazilian laws
and with those detailed by the US Department of Health and Human Ser-
vices. The experimental protocol was submitted and approved by the Ani-
mal Research and Care Committee of the Nove de Julho University.

Rats were anesthetized with ketamine/xylazine (100 and 20 mg kg�1,
respectively). Each animal’s right hind limb was positioned with the knee

extended and ankle in 90o dorsiflexion. Then, a single trauma was per-
formed employing a mini guillotine, comprising a block weight of 200 g
with a blunt edge 2 mm wide, that was dropped from 20 cm guided by sup-
ports (34). Animals were sacrificed with an overdose of halothane at differ-
ent outcome time points (6, 12 and 24 h) for histological
and biochemical analyses. After the removal of skin and connective tissue,
tibialis anterior muscle were removed and processed for further analysis.

Experimental groups. Each group was composed of six animals ran-
domly divided into six experimental groups as follows:

1. Control group—animals that did not undergo any type of procedure.
2. Injury group—animals submitted to muscle injury.
3. Diclofenac group—animals that underwent muscle injury and treated

with topical application of diclofenac (11.6 mg g-1 of solution).
4. LLLT 1 J group—animals that underwent muscle injury and treated

with LLLT with dose of 1 J per point.
5. LLLT 3 J group—animals that underwent muscle injury and treated

with LLLT with dose of 3 J per point.
6 LLLT 9 J group—animals that underwent muscle injury and treated

with LLLT with dose of 9 J per point.
Treatments. All treatments were performed 1 h after muscle trauma.
Diclofenac: Rats of diclofenac group were treated with sodium

diclofenac with topical application 1 h after injury. For such, 5 mL of dic-
lofenac (Cataflan® Emulgel) in gel solution (11.6 mg g-1of solution) was
applied uniformly at right tibialis muscle belly. This amount and dose of
diclofenac were applied to sufficiently cover the injured muscle belly, and
also trying to mimic clinical conditions. In addition, it followed manufac-
turer’s instruction about the use of medication.

Figure 1. Morphological changes in experimental groups at 6 h after muscle trauma. (A) (control group), organization of muscle fibers (a) and nuclei
in periphery of muscle fiber (b); (B) (injury group), disorganization of muscle fibers (a), nuclei dislocated to center (b), extensive area of hemorrhage (c)
and infiltrate of inflammatory cells; (C) (diclofenac group), disorganization of muscle fibers (a), area of clustering of nuclei in the muscle fiber (b), small
area of hemorrhage (c) and infiltrate of inflammatory cells; (D) (LLLT 1 J group), organization of muscle fibers (a), nuclei in periphery of muscle fiber
(b) and infiltrate of inflammatory cells; (E) (LLLT 3 J group), organization of muscle fibers (a), nuclei in periphery of muscle fiber (b) and area of clus-
tering of nuclei in the muscle fiber (c); (F) (LLLT 9 J group), organization of muscle fibers (a) and nuclei in periphery of muscle fiber (b); Magnifica-
tion: 1009.
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LLLT: A single LLLT session was performed 1 h after controlled mus-
cle trauma with an infrared laser unit (DMC®, Sao Carlos, Brazil). The
laser unit emitted a continuous optical output of 100 mW with a wave-
length of 810 nm to a spot size area of 0.028 cm2, giving a power density
of 3.57 W cm�2. The optical power was calibrated using a Newport multi-
function optical meter model 1835°C. The stability of laser during the laser
irradiation was measured, collecting light with a partial reflect (4%). The
optical power output of the laser unit was measured before, halfway
through and after the experiment. All measurements to state parameters
were performed at laser aperture, and manufacturer gave the laser beam
information. Laser irradiation was performed in skin contact at the middle of
anterior tibialis muscle belly with doses (energy) of 1, 3 and 9 J per point,
and corresponding irradiation times of 10, 30 and 90 s, respectively. Energy
densities were 35.71, 107.14 and 321.43 J cm�2, respectively. However, it
is important to mention that the average energy density per cm2 is difficult to
determine due to laser scattering. The laser energy doses were chosen
according to previous studies from our research group (33,35,36).

Analyses. For all analyses, we used a sample of six animals. A
blinded observer performed all the analyses. Initial analysis was
performed at Nove de Julho University, Brazil. To ensure consistency in
analyses and reproducibility of results, one other laboratory at University
of São Paulo (Brazil) duplicated the analyses.

Histological analysis: Muscle tissue samples were fixed in a 10% for-
malin solution for 72 h. The samples were then dehydrated in a series of
alcohol baths beginning with 50% and progressing to 100% (SYNTH).
The samples were cleared in xylol for 4 h (SYNTH). The samples were
placed in adequate aluminum recipients with Paraplast® (Tyco, Mansfield,

MA) for 4 h for impregnation. The samples were then placed in a small
recipient, covered with paraffin and left to harden, forming a block contain-
ing the tissue sample. Slices measuring 5 lm in thickness were cut on a
microtome (LEICA RM 2125 RT), washed and placed in a water bath. The
cuts were stained with hematoxylin and eosin and mounted on permanent
slides for subsequent analysis under an optical microscope (Nikon®,
Eclipse E-200 model; Nikon, Tokyo, China). The specimens were photo-
graphed using a microphotographic camera (Dino-Lite Digital Micro-
scope®, DinoEye AM423X model, Brazil) connected to a microcomputer.
Standardized photos were taken of all groups at a magnification of 1009.

RNA isolation and real-time polymerase chain reaction (RT-PCR)
analysis: First, the muscles were thawed, and Trizol® was immediately
added (1 mL per 100 mg tissue; Gibco BRL, Life Technologies,
Rockville, MD). Then, the muscles were homogenized for the recovery
of total RNA, according to the manufacturer’s instruction.

DNase I was employed to digest DNA to obtain RNA purification and
the integrity of RNA was verified using agarose gel electrophoresis. Total
RNA (2 lg) was used for first-strand cDNA synthesis (reverse transcrip-
tase [RT]) using SuperScript II. In addition, RNaseOUT was also added
to protect the RNA during this process. Three pooled RNA aliquots were
routinely sham reverse transcribed (i.e. reverse transcriptase omitted) to
ensure the absence of DNA contaminants. Diluted RT samples (1:10)
were submitted to Real-Time PCR amplification using Platinum Sybr
QPCR Supermix-UDG and specific oligonucleotides. COX-1 (forward:
CCGTGCGAGTACAGTCACAT; reverse: CCTCACCAGTCATTCCCT
GT). The primers used were COX-2: (forward: AGATCAGAAGCGAG
GACCTG; reverse: CCATCCTGGAAAAGTCGAAG), TNF-a: (forward:

Figure 2. Morphological changes in experimental groups at 12 h after muscle trauma. (A) (control group), organization of muscle fibers (a) and nuclei
in periphery of muscle fiber (b); (B) (injury group), large disorganization of muscle fibers (a), nuclei dislocated to center (b), extensive area of hemor-
rhage (c) and infiltrate of inflammatory cells (d); (C) (diclofenac group), large disorganization of muscle fibers (a), area of clustering of nuclei in the
muscle fiber (b), small area of hemorrhage (c) and infiltrate of inflammatory cells (d); (D) (LLLT 1 J group), disorganization of muscle fibers (a), nuclei
dislocated to center (b) and infiltrate of inflammatory cells (c); (E) (LLLT 3 J group), organization of muscle fibers (a), nuclei in periphery of muscle
fiber (b), area of hemorrhage (c) and infiltrate of inflammatory cells (d); (F) (LLLT 9 J group), organization of muscle fibers (a), area of clustering of
nuclei in the muscle fiber (b) and infiltrate of inflammatory cells (c). Magnification: 1009.
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CAGAGGGA AGAGTTCCCCAG; reverse: CCTTGGTCTGGTAGGAG
ACG), Beta-actin: was used as an internal control (forward: AAGATTT
GGCACCA CACTTTCTACA; reverse: CGGTGAGCAGCACAGGGT).

The conditions for PCR were as follows: 50°C for 2 min; 95°C for
2 min, followed by 30 cycles of 95°C for 15 s; 60°C for 1 min and 72°C
for 15 s. Ct values were recorded for each gene, and the results of genes
of interest were normalized to results obtained with the internal control
gene. ddCT were calculated and the results are expressed as fold increase.
All oligonucleotides and reagents utilized in this protocol were purchased
from Invitrogen Co. (Carlsbad, CA).

Statistical analysis. A blinded observer performed the statistical analy-
sis. Data are expressed as mean and standard error (±) of the mean
(SEM). All data were statistically evaluated by analysis of variance
(ANOVA), followed by the Tukey–Kramer post hoc. Values with
P < 0.05 were considered statistically significant.

RESULTS
Morphological aspects of muscle tissue at 6, 12 and 24 h after
muscle trauma are displayed in Figs. 1–3, respectively. It can be
observed that experimental model of trauma was able to induce
damage and inflammation in skeletal muscle tissue. Furthermore,
it can be observed that treatment with topical application of
sodium diclofenac does not improve the morphological aspects

of skeletal muscle tissue after trauma. On the other hand, treat-
ment with LLLT decreased damage and morphological changes
induced by muscle trauma at all time-points analyzed.

There was a significant decrease (P < 0.05) in COX-1 gene
expression at 6 h after trauma in injury group compared with the
control group. However, no difference was found in comparison
performed between all experimental groups at other time-points
tested. Figure 4 summarizes results regarding COX-1 gene
expression.

Regarding COX-2 gene expression, we can observe that muscle
trauma significantly increased (P < 0.05) COX-2 levels at all time-
points analyzed. Treatment with topical application of sodium dic-
lofenac was able to decrease COX-2 gene expression only at 6 and
12 h after trauma compared to injury group. However, the same
was not observed at 24 h after trauma. On the other hand, treat-
ment with LLLT with all doses tested (1, 3 and 9 J), significantly
decreased (P < 0.05) COX-2 gene expression at all time-points
compared to injury group. Interestingly, at 24 h after muscle
trauma all LLLT doses (1, 3 and 9 J) significantly decreased
(P < 0.05) COX-2 gene expression also compared to diclofenac
group. No differences were observed between LLLT groups. Fig-
ure 5 summarizes results regarding COX-2 gene expression.

Figure 3. Morphological changes in experimental groups at 24 h after muscle trauma. (A) (control group), organization of muscle fibers (a) and nuclei
in periphery of muscle fiber (b); (B) (injury group), disorganization of muscle fibers (a), nuclei dislocated to center (b), extensive area of hemorrhage (c)
and infiltrate of inflammatory cells (d); (C) (diclofenac group), disorganization of muscle fibers (a), nuclei in periphery of muscle fiber (b), area of hem-
orrhage (c) and large area of infiltrate of inflammatory cells (d); (D) (LLLT 1 J group), organization of muscle fibers (a), nuclei in periphery of muscle
fiber (b), area of clustering of nuclei in the muscle fiber (c) and infiltrate of inflammatory cells (d); (E) (LLLT 3 J), organization of muscle fibers (a),
nuclei in periphery of muscle fiber (b), area of hemorrhage (c) and infiltrate of inflammatory cells (d); (F) (LLLT 9 J), organization of muscle fibers (a),
nuclei in periphery of muscle fiber (b) and small infiltrate of inflammatory cells; Magnification: 1009.
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Experimental model of muscle trauma significantly increased
(P < 0.05) TNF-a gene expression at 12 and 24 h in injury
group compared with control group. Treatment with all doses
tested of LLLT (1, 3 and 9 J) significantly decreased (P < 0.05)
TNF-a gene expression at 6, 12 and 24 h compared to injury
group than diclofenac group. In addition, no differences were
observed between LLLT groups. Interestingly, treatment with
topical sodium diclofenac does not decrease (P > 0.05) TNF-a
gene expression at none of the time-points tested compared to
injury group. Figure 6 summarizes results regarding TNF-a gene
expression.

DISCUSSION
In the present study we tried to mimic one of the most common
mechanisms of skeletal muscle injury, the contusion. For such,
we employed an experimental model of controlled muscle
trauma. According to the morphological changes observed in
injury group at all time-points analyzed, we can see that our
experimental model was able to reproduce typical aspects of
skeletal muscle injury, such as: disorganization of muscle fibers,
hemorrhage and infiltrate of inflammatory cells.

Figure 4. mRNA gene expression of COX-1. The samples were col-
lected 6, 12 and 24 h after muscle trauma. The values are represented by
the mean values and error bars are SEM, n = 6 animals per group
(*P < 0.05 vs control group).

Figure 5. mRNA gene expression of COX-2. The samples were col-
lected 6, 12 and 24 h after muscle trauma. The values are represented by
the mean values and error bars are SEM, n = 6 animals per group
(*P < 0.05 vs control group, #P < 0.05 vs injury group, ***P < 0.05 vs
diclofenac group).
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In diclofenac group, we can observe a discrete improvement in
aspects related to muscle injury. However, at all time points ana-
lyzed, diclofenac group presents infiltrate of inflammatory cells
and hemorrhage. Therefore, we can conclude that treatment with
topical sodium diclofenac has a small effect in morphological
aspects of injured skeletal muscle. On the other hand, all three
LLLT groups exhibited morphological aspects very similar to the
control group (uninjured) at 6 h, mainly LLLT 9 J group. At 12 h

after injury, LLLT groups also exhibited best morphological
aspect than injury group and diclofenac group. Furthermore, LLLT
9 J group presents better characteristics than other LLLT groups,
especially regarding organization of muscle fibers. Finally, at 24 h
after injury we can observe that LLLT groups present less damage
and inflammatory changes than injury and diclofenac group.
Among LLLT groups, LLLT 9 J group presented best results.

Yomaza et al. (37) used an experimental model of muscle
trauma, and observed that LLLT (633 nm, 4 mW) during seven
consecutive days with doses of 4.8 and 9.6 J per day increased
mitochondrial activity in muscular fibers, activate fibroblasts and
macrophages and stimulate angiogenesis. They have concluded
that based on this, LLLT increases and stimulates skeletal muscle
repair. Liu et al. (38) employed an experimental model of eccen-
tric exercise to induce skeletal muscle injury in rats. It used a
laser device with 632.8 nm, with different power outputs (4, 9
and 14 mW), irradiation during 10 min, and doses of 2.4, 5.4
and 8.4 J. Outcomes related to muscle morphology, and bio-
chemical markers of muscle damage and oxidative stress were
assessed 24 and 48 h after injury induction. It was observed that
high dose of 8.4 J presented best results among the doses tested.
It is interesting to highlight that in both studies, mentioned doses
that presented positive results are very similar to that used in our
study.

Regarding mRNA gene expression of inflammatory markers,
it is important to mention that none of the treatments tested in
this study changed COX-1 gene expression, and that experi-
mental model of injury only decreased COX-1 gene expression
at 6 h after injury. On the other hand, we can observe that our
experimental model was able to induce enhancement of COX-2
and TNF-a. When we merge results of treatments about COX-
2 and TNF-a gene expression, we observe that all doses tested
of LLLT have better effects than topical application of
diclofenac.

In a recent study of our research group, we observed that a sin-
gle treatment of LLLT (904 nm, 15 mW, dose of 1 J) before teta-
nic contraction of tibialis anterior in rats significantly increased
skeletal muscle performance, and decreased skeletal muscle dam-
age and COX-2 gene expression. This means that LLLT seems to
protect muscles against damage and inflammation induced by
exercise (36). In another study, LLLT (810 nm, 100 mW, doses
of 1, 3 and 6 J) significantly decreased COX-2 gene expression in
experimental model of collagenase-induced tendinitis, additionally
treatment with LLLT was better than sodium diclofenac. Further-
more, LLLT was as effective as diclofenac for decreasing of
COX-2-derived PGE2 levels (39). These studies illustrate the
effectiveness of LLLT in decreased mRNA gene expression of
biochemical markers of inflammation. This also demonstrates that
LLLT is an interesting alternative to NSAIDs with the advantage
to have only local effects and no side effect reported.

CONCLUSION
We conclude that LLLT improves morphological aspects of
muscle tissue and decrease mRNA gene expression of biochemical
inflammatory markers in acute inflammatory response after muscle
trauma. Furthermore, LLLT is better than topical application of
sodium diclofenac. Further clinical studies are needed.

Acknowledgements—Ernesto Cesar Pinto Leal Junior would like to thank
FAPESP grant number 2010/52404-0.

Figure 6. mRNA gene expression of TNF-a. The samples were collected
6, 12 and 24 h after muscle trauma. The values are represented by the
mean values and error bars are SEM, n = 6 animals per group
(*P < 0.05 vs control group, #P < 0.05 vs injury group, ***P < 0.05 vs
diclofenac group).
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