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Abstract

We compared the acute effects of different doses of 630 nm light-emitting diode therapy (LEDT) on skeletal muscle inflammation
and hyperalgesia in rats submitted to exercise-induced muscle damage (EIMD). Wistar rats were divided into five experimental
groups (n = 5-8/group): sedentary control (CON); exercise + passive recovery (PR); and exercise + LEDT (1.2 Jem?,1.83;4.27/
em?, 6.3 J; 10.0 J/em?, 15 J). After 100 min of swimming, the rats in the LEDT groups were exposed to phototherapy on the
triceps surae muscle. For mechanical hyperalgesia evaluation, paw withdrawal threshold was assessed before and 24 h after
swimming. Immediately after hyperalgesia tests, blood samples were collected to analyze creatine kinase (CK) activity and the
soleus muscle was removed for histological and tumor necrosis factor (TNF)-oc immunohistological analyses. In all LEDT
groups, plasma CK activity was reduced to levels similar to those measured in the CON group. Paw withdrawal threshold
decreased in the PR group (—11.9+1.9 g) when compared to the CON group (2.2+ 1.5 g; p<0.01) and it was attenuated in
the group LEDT 4.2 J/em?® (— 3.3 £ 2.4 g, p < 0.05). Less leukocyte infiltration and edema and fewer necrotic areas were found in
histological sections of soleus muscle in LEDT (4.2 J/cm?) and LEDT (10.0 J/em?) groups compared to the PR group. Also,
LEDT (4.2 J/em?®) and LEDT (10.0 J/em?) groups showed less immunostaining for TNF-« in macrophages or areas with necrosis
of muscle fibers compared to the PR group. LEDT (4.2 J/cm?, 6.3 J)-reduced muscle inflammation and nociception in animals
submitted to EIMD.
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Introduction necrosis, increased levels of circulating creatine kinase (CK),

and delayed onset muscular soreness, resulting in a temporary

Exercise-induced muscle damage (EIMD) can occur after a
single bout of unaccustomed exercise or after an intense effort
involving eccentric contraction. Mechanical overload and
metabolically damaged muscle fibers can lead to a local in-
flammatory process, mainly characterized by cytokine pro-
duction and consequent leukocyte infiltration, muscle fiber
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loss of performance [1-4]. The CK circulating levels (a bio-
chemical marker of muscle injury) and the inflammatory pro-
cess symptoms peak between 24 and 72 h following the phys-
ical effort and are accompanied by reduced muscle function
and loss of physical performance for a period up 5 to 7 days[1,
3, 5-8]. Thus, a key issue in avoiding EIMD may be the
prevention of cell necrosis and consequent inflammation,
preventing loss of function, and inflammatory symptoms.
The photobiomodulation induced by low-level light
sources ranging from red to near-infrared wavelengths has
been suggested to be useful in prevention of EIMD [9-12].
Animal studies have demonstrated that light-emitting diode
therapy (LEDT) can prevent muscle necrosis and inflamma-
tory infiltration at energy densities ranging from 1 to 133 J/
cm?, with total energy delivered from approximately 1 to 10 J
per muscle [13—17]. However, experimental and clinical stud-
ies have shown that energy dosimetry has an important
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influence on different parameters of EIMD, since some doses
are more efficient in decreasing CK release, while other doses
prevent delayed onset muscular soreness and associated loss
of performance [16, 18, 19]. It is not clear which doses can
avoid both muscle necrosis and pain. It is also important to
point out that an in vitro study demonstrated that phototherapy
at low energy density (1 to 2 J/cm?) induced the expression of
inflammatory cytokines by monocytes, including tumor ne-
crosis factor-oc (TNF-ox), whereas energy density above 3 J/
cm? inhibited this effect [16]. This result suggests that low
doses of energy may stimulate the polarization of proinflam-
matory macrophages (TNF-a-positive) in damaged muscles
and it may increase pain and tissue disorganization. Total en-
ergy delivered and energy density may also influence pain
relief. Previous works have demonstrated that irradiation
above 2.0 J/em?® on chemically or surgically inflamed hind
paws of rats could inhibit mechanical pain threshold, whereas
no effect was observed for application of 1 J/cm? [20, 21]. One
study demonstrated that irradiation of inflamed tissues could
decrease mechanical pain threshold, but no effect was ob-
served in TNF-o production and other signs of inflammation
[22]. Therefore, it is not clear which parameter is better for
preventing inflammation and pain associated with EIMD.

Another concern is about inhibition of production of pro-
inflammatory cytokines, since these can delay inflammatory
cell infiltration [13, 14, 22, 23], and tissue repair [24].
Considering that inner layers of human tissues might not re-
ceive adequate doses of energy to avoid EIMD, it is necessary
to evaluate the effects of different energy doses of LEDT on
the muscle damage markers and signs and symptoms of in-
flammation. Thus, clinical and experimental studies show dif-
ferences regarding the parameters used and the prophylactic
versus therapeutic application, which shows that better param-
eterization for LEDT treatment is necessary [11, 12, 22,
24-29].

Based on this situation, several animal models of physical
exercise can be useful to study inflammation and acute pain
associated to EIMD [14, 30-33] and can help evaluate the
effect of varying phototherapy parameters. Thus, in order to
mimic a strenuous session of physical exercise, our group
previously used the protocol of swimming for 100 min in rats
[13], which induce acute inflammatory parameters such as
injury to the skeletal muscle accompanied by cell infiltration,
necrosis, and edema after 24 h of exercise, but no study has
considered the variation of LEDT energy doses in this model
and its impact on inflammation and hyperalgesia in this
condition.

In this study, we compared the effect of different
doses of LEDT (630 nm) on the inflammation of the
skeletal striated muscle and the hyperalgesic response in
experimental animals submitted to exercise, in order to
contribute to the discussion about varying energy doses
of LEDT for the treatment of EIMD.
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Materials and methods
Experimental design

Male Wistar rats (250-300 g) from the animal breeding facil-
ity of State University of Londrina (UEL) were used. Animals
were maintained at 21 +2 °C with free access to water and
rodent chow (Nuvilab® CR1, Nuvital, Colombo, Brazil) in a
light-dark cycle of 12 h. The experimental procedures were
carried out according to the standards of the Brazilian Society
of Laboratory Animal Care and were approved by the Ethics
Committee on the Use of Animals under protocol number
124/2014.

The animals were randomly divided into five groups (n =5—
8): sedentary control group (CON), passive recovery exercised
group (PR), and three groups of exercised animals subjected to
different applications of LEDT (LEDT 1.2 J/em?, LEDT 4.2 J/
cm?, and LEDT 10 J/em?). The experiments were carried out
during the animals’ light cycle, between 8 a.m. and 16 p.m.

A sample size of five animals per group was calculated
considering a frequency of 0.8% of fields containing necrotic
or inflammatory cells 24 h after an EIDM protocol [13] with a
statistical power of 80% (3 =20%) and statistical significance
of 5% (). We also estimated 30% sample loss during EIDM
protocol and sample handling, so eight animals were included
in each group.

EIMD protocol

The animals were familiarized with the aquatic environment for
5 min per day for 5 consecutive days before the EIMD proto-
col. The exercised groups (PR, LEDT 1.2 J/em?, LEDT 4.2 J/
cm?, and LEDT 10 J/cmz) swam for 100 min in a plastic con-
tainer (40-cm depth, 52-cm diameter) under continuous super-
vision with water temperature of approximately 30 °C [13].

Light-emitting diode therapy application

The LEDT application was performed immediately after the ex-
ercise protocol by irradiating both hind legs at a 630-nm wave-
length with spectral bandwidth of 20 nm. The LEDT was ad-
ministrated using a Bios Therapy II device (Bios Equipamentos
Medicos, Sao José dos Campos, Brazil), with power output of
300 mW, using an optic fiber with 1.35-cm spot diameter, spot
area of 1.43 cm?, and power density of 200 mW/cm?. The irra-
diation was applied during 6 s, 21 s, and 50 s to deliver 1.8 J,
6.3 J, and 15 J at energy densities of 1.2 Jem?, 4.2 J/em?, and
10.0 J/em?, respectively. These doses and the therapeutic appli-
cation of LEDT were chosen based on previous studies in our
laboratory using the EIMD model [13, 14] and others from the
literature [16, 22, 27, 34-36]. The radiation source was kept
stationary in contact with the skin surface at a single point locat-
ed in the middle of the triceps surae muscle belly.
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Mechanical hyperalgesia evaluation

To test the mechanical hyperalgesia, we used an electronic
von Frey instrument (Insight, Ribeirao Preto, Brazil). The an-
imals were transferred and kept in individual cages (Insight,
Ribeirdo Preto, Brazil) for 30 min. After this period, a hand-
held force transducer was used to apply mechanical stimuli to
both paws, in triplicate, before and 24 h after the swimming
protocol. The intensity of stimulus required to evoke with-
drawal behavior was recorded as the withdrawal threshold
(g). For the analysis, we considered the mean of the three
consecutive measurements performed on each paw of the an-
imal, with minimum and maximum intervals of 1 and 5 min
respectively. The data were expressed as the difference be-
tween the initial and final stimulus intensity values (A). The
evaluator was blinded to the experimental groups.

Hematological and creatine kinase analysis

The animals were anesthetized intraperitoneally with xylazine
hydrochloride (0.02 g/kg, Virbaxyl® 2%, Virbac do Brasil,
Sdo Paulo, Brazil) and ketamine hydrochloride (0.1 g/kg,
Francotar® 10%, Virbac do Brasil, Sdo Paulo, Brazil) 24 h
post-exercise. Blood samples were collected by heart punc-
ture. Creatine kinase (CK) analysis was performed using the
Dimension Xpand Plus Integrated Chemistry System
(Siemens, Erlagen, Germany) and hematological analysis
was performed with an automated hematology analyzer (BC
2800 veterinary, Mindray Medical, Nanshan, China).

Histological procedures

After blood sampling, animals were euthanized by exsangui-
nation under anesthesia and the right soleus muscle was re-
moved and fixed in Bouin’s solution for 24 h and embedded in
histological paraffin. Five longitudinal sections (5 wm) of the
muscle were serially obtained, stained with hematoxylin and
eosin (H&E), and analyzed with an optical microscope. Ten
images were randomly captured from each slice at tenfold
magnification using a Moticam imaging device (Motic
Group, Xiamen, China) and analyzed with the Motic Image
Plus 2.0 software (Motic, Xiamen, China). Each image was
divided into 20 fields (50 x 50 wm/field). A trained evaluator
unaware of the group’s identity counted any field with muscle
fibers and recorded the fields containing damaged muscle fi-
bers, inflammatory cell infiltrate, and edema.

Immunohistochemistry procedure

The left soleus muscle was removed and fixed in buffered
formalin solution for 24 h and embedded in histological
paraffin. Transversal sections (5 pm) of the muscle were
submitted to immunohistochemical protocol for detection

of cells expressing tumor necrosis factor (TNF)-«. For
antigen retrieval, the slides were submerged in sodium
citrate buffer (pH 6.0, 100 °C) for 5 min. For the reduc-
tion of non-specific binding, the sections were treated with
5% skimmed milk diluted in distilled water for 1 h. The
sections were topped using TNF-o primary antibody
(#555212, Santa Cruz Biotechnology, Dallas, USA) at
1:50 dilution in phosphate-buffered saline (pH 7.2). The
sections were incubated overnight in a humid chamber at
4 °C and were subsequently treated with secondary anti-
body (rabbit anti-mouse IgG, #A9044, Sigma-Aldrich, St.
Louis, USA) and incubated for 2 h at room temperature.
These sections were incubated with diaminobenzidine
(DAB) and counter-stained with Mayer’s hematoxylin
(Sigma-Aldrich, St. Louis, USA) for 10 min.

Five random slides per group were analyzed to identify
areas of necrosis in muscle tissue and TNF-o« immunostaining
in inflammatory cells by an evaluator unaware of group
identity.

Statistical analysis

The Kolmogorov—Smirnov test was applied to verify the de-
pendent variables’ distribution. One-way ANOVA with
Tukey’s post hoc test were used to compare mean differences
between different treatment groups. Data are expressed as
means and standard derivations. The histological data were
analyzed by the chi-square test with Yates’s correction.
Differences were considered statistically significant if
p<0.05.

Results

The initial body weight of animals was not different among
the groups: CON (313.5+45.3 g), PR (305.3+34.9 ), LEDT
1.2 J/em? (301.9+32.1 g), LEDT 4.2 J/em? (297.8 + 57.78 g),
and LEDT 10.0 J/em?® (285.3+24.8 ) (p =0.7129).

In order to evaluate mechanical hyperalgesia, the paw with-
drawal threshold was measured. No difference was observed
for baseline values of intensity of stimulus needed to elicit
withdrawal behavior among the groups studied: CON (35.0
+2.2 @), PR (374+23 g), LEDT 1.2 J/em® (37.2+1.8 @),
LEDT 4.2 J/em? (36.0+ 1.5 ), and LEDT 10.0 J/cm? (36.3
+2.0 g). Twenty-four hours after the swimming protocol, we
found a reduction (p <0.01) in the paw withdrawal threshold
to the mechanical stimulus in the PR group compared to the
control group (Fig. 1). The LEDT 4.2 J/em? group showed a
significant reversion of mechanical hyperalgesia (p <0.05) in
comparison to the PR group. This group did not differ from
the CON group at this time point. On the other hand, in the
groups LEDT 1.2 and LEDT 10.0 J/cmz, no alteration of the
paw withdrawal threshold was observed in comparison to the
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= 10 cm? group presented reduced (p <0.05) frequency of fields
~ 5 with leukocyte infiltration in comparison to the PR group,
g T which was not observed for the frequency of necrotic muscle
S  0- fibers (p=0.35) and edema (p =0.94). Muscle damage and
E inflammatory areas were scarce in the LEDT 4.2 J/cm® and
2 -5 LEDT 10 J/cm? groups in comparison to PR and LEDT 1.2 J/
= 4 cm? groups. The LEDT 4.2 J/em® group presented the lowest
g =105 frequency of necrosis, edema, and leukocyte infiltration fields
c; 15- in comparison to PR and other LEDT groups (p <0.05).
< * Furthermore, the LEDT 4.2 J/cm? group had a lower frequen-
-20 o ¥ cy of edema (p < 0.05) and leukocyte infiltration (p < 0.05) but
Control PR 1.2 4.2 10.0 not necrosis (p =0.09) when compared to the CON group.
om? Table 2 shows that no difference was observed in total

Fig. 1 Mechanical hyperalgesia (g) in non-exercised animals (control),
animals subjected to 100 min swimming exercise and passive recovery
(PR), and animals exercised and submitted to LED therapy (1.2 Jem?,
4.2 J/em?, or 10.0 J/em?). Data are shown as variation (A) of paw
withdrawal threshold intensity measured after 24 h of exercise
subtracted from basal values. **p <0.001 or *p <0.05 compared to
control group. #p <0.05 compared to PR group, one-way ANOVA and
Tukey’s post hoc test

PR group and these groups still differed from the CON group
(p <0.05 each) (Fig. 1).

Twenty-four hours after the exercise, CK levels were
higher (»p <0.001) in the PR group compared to the CON
group (Fig. 2). The groups LEDT 1.2 J/cm?, LEDT 4.2 J/
cm2, and LEDT 10.0 J/cm? had lower (» <0.001 each) serum
CK release in comparison to the PR group at levels that did not
differ from the CON group (Fig. 2).

The PR and LEDT 1.2 J/em® groups presented increased
(p <0.05) frequency of histological fields with necrotic mus-
cle fibers, leukocyte infiltration, and edema in comparison to
the CON group (Table 1; Fig. 3). However, the LEDT 1.2 J/

3000 .

2000 -

CK (U/L)

1000 1
1

10.0

Control PR 1.2 42

J/cm?

Fig. 2 Levels of blood creatine kinase in Wistar rats at rest (control),
submitted to 100 min of swimming exercise and passive recovery (PR),
or LED therapy (1.2 J/em?, 4.2 J/em?, or 10.0 J/cm?). Data are expressed
as mean £ SD ***p<0.0001 in comparison to control group,
###p <0.0001 in comparison to PR group. One-way ANOVA and
Tukey’s post hoc test
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leukocyte, polymorphonuclear, or mononuclear counts in the
peripheral blood of animals from all groups 24 h after induc-
tion of muscle inflammation.

Tumor necrosis factor-& immunostaining was observed in
several muscle cells in the PR, LEDT 1.2 J/cmz, and 10.0 J/cm?
groups (Fig. 4). Moreover, the PR group presented necrotic
muscle fibers infiltrated with a high number of TNF-o-
positive leukocytes (Fig. 4). On the other hand, few TNF-«-
positive leukocytes were observed in necrotic fibers in the
LEDT 1.2 J/em® group (Fig. 5). In LEDT 4.2 J/em?® and 10 J/
cm? groups, TNF-oc-positive leukocytes were scarcely found.

Discussion

The data in the present study confirm previous demonstrations
that LEDT reduces some conditions associated with clinical signs
of EIMD [13, 14], while adding important information not only
about the dose needed to affect muscular inflammatory damage
but also nociceptive alterations induced by exercise. These ef-
fects seem to depend on the dose applied, and the inhibition of
TNF-« production may be linked to the observed effects.

The swimming protocol induced an increase of the activity
of CK in the bloodstream of the animals subjected to passive
recovery. It is well known that CK extravasation is caused by
disorganization of the cytoskeleton and sarcolemma, a phe-
nomenon associated with calcium regulation and ATP deple-
tion [37, 38]. Post-exercise treatment with LEDT attenuated
the increase in CK activity independently of the dose applied,
suggesting that this treatment may have contributed to pre-
serving skeletal muscle structure. This result agrees with the
demonstration that LEDT-reduced CK activity in animal
models of continuous or intermittent exercise [13, 14].
Indeed, human studies have also confirmed this finding, since
in healthy subjects undergoing a protocol of eccentric extensor
isokinetic contractions (five sets of 15 replicates), the combi-
nation of LASER (904 nm) and LEDs (604 nm and 875 nm) at
energy densities between 0.83—5.83 J/em?® (each diode) with
total energy delivered of 39.37 J per site attenuated the in-
crease in CK activity from 24 to 96 h after intervention [11].
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Table 1 Number (#) and frequency (%) of fields containing necrosis, edema, and leukocyte infiltration
Control PR LEDT 1.2 J/em? LEDT 4.2 J/em? LEDT 10.0 J/em?
(n=5962) (n=10,173) (n=10,097) (n=7403) (n=8019)
Necrosis 02 (0.03%) 95 (0.93%)" 81 (0.80%)" 10 (0.13%)™ © 50 (0.62%)™ ¢
Edema 415 (6.96%) 936 (9.20%)* 925 (9.16%)* 356 (4.80%)™ > ¢ 635 (8.59%)™ P d
Leukocyte infiltrate 83 (1.39%) 357 (3.50%)* 278 (2.75%)™ ® 41 (0.55%)™ ¢ 133 (1.65%)> < ¢

2

25 <0.05 compared to the control group. ® p < 0.05 compared to the PR group. ©p < 0.05 compared to LEDT 1.2 J/em? . ¢ Group p < 0.05 compared to
LEDT 4.2 J/em® group; chi-square test with Yates’s correction. PR, passive recovery; LEDT; light-emitting diode therapy

The protective effect of LEDT, evidenced by the reduction
of CK activity, might be partly related to lower tissue inflam-
matory response. Indeed, in the present study, the groups
LEDT 4.2 J/em® and LEDT 10.0 J/cm® showed a decrease in
inflammatory parameters in muscle, such as edema, necrosis,
and infiltration of cells, indicating that these treatments are
more effective in maintaining cellular viability and attenuating
inflammation. Interestingly, in the group LEDT 4.2 J/em?, we
found reduced frequency of inflammatory parameters to values
lower than those of the control group. Animal studies have
demonstrated that phototherapy with energy densities above
2 J/em? (1.2 J) can inhibit the expression of chemokines (mono-
cyte chemotaxis protein-1), inflammatory mediators, and cyto-
kines, reducing stimulus to inflammatory cell migration into
tissues [21, 39, 40]. Interestingly, in spite of the reduction of
CK activity in animals of the group LEDT 1.2 J/em?, these

animals presented several areas of muscular necrosis. This phe-
nomenon was also reported by de Almeida et al. [34], who
showed that the lowest total energy used (0.1 J) reduced CK
activity, but did not reduce the expression of cyclooxygenase-2.
The mechanisms involved in prevention of the inflammatory
process may be related to blunting of oxidative stress (associ-
ated with increased cytochrome c activity and ATP production)
and inhibition of redox-sensitive activation of the nuclear
factor-«B pathway in the injured tissues [41].

Besides the inflammatory alterations detected by histolog-
ical analysis, the exercise protocol applied increased the num-
ber of cells expressing TNF-c, an effect not observed in ani-
mals submitted to post-treatment with LEDT at 4.2 J/cm®
(6.3 J) and 10.0 J/em? (15 J). However, once again, the treat-
ment with LEDT at 1.2 J/em? (1.8 J) did not affect TNF-oc
immunostaining in injured muscle, reinforcing that the LEDT

Fig. 3 Photomicrography of the soleus muscle of Wistar rats. a Control
animal illustrating a healthy area of skeletal muscle, with absence of
necrosis, edema, and inflammation. b Animals submitted to 100 min of
swimming exercise (PR) presented several areas with infiltrated
inflammatory cells and necrosis signals (arrow) and dissociation of
muscle fibers due to edema (*). ¢ Animals from the LEDT (1.2 J/cm?)

group presented areas with inflammatory cell infiltration in necrotic fibers
(arrow) and edema (*). d and e Animals from the LEDT 4.2 10.0 Jem?
and LEDT 10.0 J/cm? groups. Most of analyzed fields did not present
signs of muscle damage. 10 x magnification; hematoxylin and eosin
staining
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Table 2 Leukocyte counts

Control (n=8) PR (n=7) LEDT12 Jlem®(n=5) LEDT 4.2 J/em? (n=5) LEDT 10.0 Jem? (n=7)

Total leukocytes (10 cell/mm”) 5.75+0.37 797 +£0.11 8.86=£0.11 736 +£0.18 8.75 £ 0.86
Polymorphonuclear cells (cell/mm®) 0.90 + 0.15 1.16 £0.28 1.33 £0.40 1.24 £ 045 1.78 £ 0.28
Mononuclear cells (cell/mm?) 448 +£0.20 6.70 £ 098 7.08 +0.10 599 +0.13 6.86 = 0.69

PR, passive recovery; LEDT, light-emitting diode therapy

Fig. 4 Immunohistochemistry for TNF-« detection in Wistar rat soleus treated with LEDT 1.2 J/em? (1.8 J), 4.2 J/em? (6.3 J), and 10.0 J/em?
muscle. a Control animals presented no muscular fibers with (15 J) respectively. Black arrows indicate muscular fibers with
immunostaining for TNF-«. b Animals submitted to 100 min of immunostaining for TNF-«; tenfold magnification (bars =50 pm)
swimming exercise (PR). c—e Animals were submitted to exercise and
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Fig. 5 TNF-a-positive leukocytes in Wistar rat soleus muscle. a and ¢
Animals submitted to 100 min of swimming exercise (PR; 5 and 400-fold
magnification, respectively). b and d Animals submitted to exercise and
treated with LEDT 1.2 J/cm? (1.8 J); 5 and 400-fold magnification,

dose is important. Tomazoni et al. [42] demonstrated that
LASER therapy at 830 nm and 1 J (35.7 J/cm?), 3 J
(107.1 J/em?), and 9 J (321.4 J/em?) was effective in reducing
TNF-o concentration in anterior tibialis muscle of rats with
skeletal muscle inflammation induced by contusion.

In the present study, there was no change in the cell count
after exercise. Previous studies have shown that 24 h after
physical exercise the number of leukocytes in the bloodstream
may be increased [14], decreased [13], or return to baseline
values [43, 44]. Thus, although one method to attempt to
evaluate the consequences of exercise on the organism is the
measurement of hematological parameters such as leukocyte
counts [45, 46], the conclusions from this parameter may be
limited by experimental variabilities, which makes it hard to
infer about the immune system function in this condition.

Considering the reduction of tissue inflammation by LEDT,
we supposed it could be related to modulation of nociception in
rats. We observed that the swimming exercise protocol resulted
in reduction of the paw withdrawal threshold in rats, indicating
the development of hyperalgesia. Interestingly, this response
was less pronounced in the animals that received the interme-
diate dose of 4.2 J/em? (6.3 J). The reduction of the histological

respectively. Black arrows indicate necrotic muscular fibers infiltrated
with TNF-a-positive leukocytes. a and b bars =200 pm. ¢ and d
bars =50 um

outcomes is not the only factor that determined the reduction of
hyperalgesia, because the application of the dose of 10.0 J/cm?
(15 J) decreased histological alterations but it was not accom-
panied by alteration of hyperalgesia. Hough (1902) first pro-
posed that pain appears in the early hours (12-24 h) and is
related to rupture of muscle fibers or connective tissue.
However, it is currently known that delayed onset muscular
soreness may occur after exercise independently of the markers
of EIMD [38, 47]. It has been suggested in this condition that
neurotrophic factors such as the B, receptors/nerve growth fac-
tor pathway as well as glial cell line-derived neurotrophic factor
pathway via cyclooxigenase-2 activation may contribute to this
antihyperalgesic effect [48, 49]. In this respect, previous studies
have demonstrated that phototherapy inhibited depolarization
of afferent nerve fibers and inhibited the action of bradykinin,
as well as the reducing cyclooxygenase-2 expression and con-
sequently the production of prostaglandin £, [S0-52].

More recently, a study demonstrated that LEDT (890 nm,
390 mW, and 20.8 J/cm?) attenuated the nociception induced
by endogenous mediators (glutamate, bradykinin, and prosta-
glandin E,), by the activation of nociceptive channels
(TRPVI1, TRPA1, TRPMS, and ASIC) and by the increase
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of PKA and PKC concentrations. These enzymes are respon-
sible for the phosphorylation of nociceptive channels, which
probably decreased their activation thresholds, thus potentiat-
ing the nociceptive response. This study also demonstrated the
participation of C fibers in the reduction of these responses
[24]. In addition, pre-administration of opioid antagonist
(naloxone) or inhibitor of L and P selectins (fucoidin)
inhibited the antinociceptive effect of LEDT (950 nm, 2 J/
cm?) [22]. Thus, it is possible that both local and central mech-
anisms can mediate the effects of LEDT found in our study.

Altogether, our data show that LEDT at 4.2 Jem? (6.3 J)
and 630 nm produced superior effects than other doses used
for investigation of inflammation and hyperalgesia following
a swimming protocol, which has not been demonstrated by
others. Previous studies have investigated the effects of
photobiomodulation using red laser (655 and 660 nm) and
infrared phototherapy (830, 904, 904, and 940 nm) for the
treatment of inflammation in the model of induction of skele-
tal muscle fatigue by electrical stimulation in rats. These stud-
ies have shown reduced CK activity, improved muscle perfor-
mance by decreasing fatigue, reduced histological parameters
indicating muscle damage, and decreased expression of
mRNA for COX 2 in animals treated with laser phototherapy
[16, 34-36]. The total energy used in these studies varied
between 0.3 and 10 J, with optimal effects between 1 and
3 J for most outcomes. However, since these authors used
different sources of photobiomodulation and experimental
models, it is hard to compare their results with ours.

In summary, the present study indicates that LEDT at a
dose of 4.2 J/em? (6.3 T) and wavelength of 630 nm produced
better effects, since it not only reduced the CK activity, inflam-
matory cell infiltration, muscle necrosis, and TNF-o immuno-
staining, but also mechanical hyperalgesia in rats.
Furthermore, among the three doses tested that of 1.2 Tem?
(1.8 J) was insufficient to treat muscular inflammation and
nociception; whereas, 10 J/cm? (15 J) produced anti-
inflammatory actions not related to antinociceptive effects.
In this way, the data obtained in this study shed new light on
the effect of different doses of LEDT, a problem discussed in
an incipient way in the clinical use of this therapy.
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