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What is the best treatment to decrease pro-inflammatory
cytokine release in acute skeletal muscle injury induced
by trauma in rats: low-level laser therapy,

diclofenac, or cryotherapy?
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Abstract Currently, treatment of muscle injuries represents a
challenge in clinical practice. In acute phase, the most
employed therapies are cryotherapy and nonsteroidal anti-
inflammatory drugs. In the last years, low-level laser therapy
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(LLLT) has becoming a promising therapeutic agent; however,
its effects are not fully known. The aim of this study was to
analyze the effects of sodium diclofenac (topical application),
cryotherapy, and LLLT on pro-inflammatory cytokine levels
after a controlled model of muscle injury. For such, we
performed a single trauma in tibialis anterior muscle of rats.
After 1 h, animals were treated with sodium diclofenac
(11.6 mg/g of solution), cryotherapy (20 min), or LLLT (904
nm; superpulsed; 700 Hz; 60 mW mean output power; 1.67
W/em?; 1, 3, 6 or 9 J; 17, 50, 100 or 150 s). Assessment of
interleukin-13 and interleukin-6 (IL-1f3 and IL-6) and tumor
necrosis factor-alpha (TNF-«) levels was performed at 6 h after
trauma employing enzyme-linked immunosorbent assay meth-
od. LLLT with 1 J dose significantly decreased (p<0.05) IL-
13, IL-6, and TNF-« levels compared to non-treated injured
group as well as diclofenac and cryotherapy groups. On the
other hand, treatment with diclofenac and cryotherapy does
not decrease pro-inflammatory cytokine levels compared to
the non-treated injured group. Therefore, we can conclude that
904 nm LLLT with 1 J dose has better effects than topical
application of diclofenac or cryotherapy in acute inflammato-
ry phase after muscle trauma.

Keywords Phototherapy - Anti-inflammatory drugs -
Cryotherapy - Inflammation - Skeletal muscle injury
Introduction

Currently, treatment of muscle injuries represents a chal-
lenge in clinical practice. Strains, contusions, ischemia, and
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neurological damage are some of mechanism that can lead to
skeletal muscle injury [1].

In muscle injuries caused by contusion, tissue is strongly
compressed, and it is usually due a single trauma. Injured
muscle suffers degeneration and regeneration processes,
which lead to biochemical and morphological changes at
injured site [1-3].

Inflammatory response begins immediately after injury,
and it starts 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 [4]. Neutrophils and macro-
phages contribute to tissue degradation through the release
of reactive oxygen species [5] and production of pro-
inflammatory cytokines such as interleukin 1-beta (IL-1(3),
interleukin 6 (IL-6), and tumor necrosis factor-alpha (TNF-«)
[6]. Consequently, inflammatory response in acute phase
after muscle injury is predominantly a pro-inflammatory
response.

In acute phase, the most employed therapies in the treat-
ment of acute skeletal muscle injuries are cryotherapy and
nonsteroidal anti-inflammatory drugs (NSAIDs). In the last
years, low-level laser therapy (LLLT) has becoming a prom-
ising therapeutic agent in treatment of several musculoskel-
etal conditions such as arthritis [7], tendinitis [8, 9], neck
pain [10—12], low back pain [13], and skeletal muscle fatigue
[14-21]. On the other hand, there are few studies (animal
trials) investigating the effects of LLLT in skeletal muscle
injuries [22-24]. Additionally, there is a lack of studies that
compare LLLT effects with other treatments like cryotherapy
and NSAIDs for instance, and we strongly believe that this
kind of studies could start to introduce LLLT as the first
choice for treatment of musculoskeletal conditions men-
tioned before, which certainly would represent an interesting
turn in clinical practice and could increase the popularity of
LLLT.

With this perspective in mind, we aimed to test and
compare the effects of sodium diclofenac with topical appli-
cation, cryotherapy, and LLLT in pro-inflammatory cytokine
levels during acute inflammation after a controlled model of
skeletal muscle injury induced by trauma in rats.

Materials and methods
Animal model of standardized muscle trauma

The experiments were carried out with male Wistar rats
weighing 200 g, with food and water ad libitum. The
Central Animal House of Nove de Julho University provided
the animals. All rats were randomly divided into groups of
six animals. The policies and procedures of the animal labo-
ratory are in accordance to Brazilian laws and with those
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detailed by the US Department of Health and Human
Services. The experimental protocol was submitted and ap-
proved by the Animal Research and Care Committee of the
Nove de Julho University.

Rats were anesthetized with ketamine/xylazine (100 and
20 mg/kg, respectively). Each animal’s right hind limb was
positioned with the knee extended and ankle in 90° dorsiflexion.
Then, a single trauma was performed employing a mini guillo-
tine comprised a block weight of 200 g with a blunt edge 2 mm
wide that was dropped from 20 cm guided by supports [24].
Animals were sacrificed with an overdose of halothane at 6 h for
biochemical analysis. After the removal of skin and connective
tissue, tibialis anterior muscle was removed and processed for
further analysis.

Experimental groups

Each group was composed of six animals randomly divided
into eight experimental groups as follows:

+ Control group—animals that did not undergo any type of
procedure

* Injury group—animals submitted to muscle injury

* Diclofenac group—animals that underwent muscle inju-
ry and treated with topical application of diclofenac
(11.6 mg/g of solution)

* Cryotherapy group—animals that underwent muscle in-
jury and treated with cryotherapy for 20 min

* LLLT 1 J group—animals that underwent muscle injury
and treated with LLLT with dose of 1 J/point

* LLLT 3 J group—animals that underwent muscle injury
and treated with LLLT with dose of 3 J/point

* LLLT 6 J group—animals that underwent muscle injury
and treated with LLLT with dose of 6 J/point

* LLLT 9 J group—animals that underwent muscle injury
and treated with LLLT with a dose of 9 J/point

Treatments
All treatments were performed 1 h after muscle trauma.

Cryotherapy In this group, we tried to mimic RICE protocol.
For such, animals were treated for 20 min with small rubber
bags containing crushed ice. The rubber bags were fixed at
the region of right tibialis muscle belly with rubber bands,
and the right hind limb of rats was kept elevated.

Diclofenac Rats of diclofenac group were treated with sodi-
um diclofenac with topical application 1 h after injury. For
such, 5 ml of diclofenac (Cataflam® Emulgel) in gel solution
(11.6 mg/g of solution) was applied uniformly at right tibialis
muscle belly. This amount and dose of diclofenac were ap-
plied to sufficiently cover the injured muscle belly and also
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trying to mimic clinical conditions. Additionally, manufac-
turer’s instruction about the use of medication was followed.

Low-level laser therapy A single LLLT treatment was
performed 1 h after controlled muscle trauma with an infra-
red laser unit (Irradia®, Stockholm, Sweden). The laser unit
operated in pulsed mode with a peak power of 20 W, pulse
width of 200 ns (107 s), frequency of 700 Hz, mean output
power of 60 mW, spot size of 0.0364 cm?, and power density
of 1.67 W/em?®. The optical power was calibrated using a
Newport multifunction optical meter model 1835C. The sta-
bility 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 parame-
ters were performed at laser aperture, and manufacturer gave
laser beam information. Laser irradiation was performed in
skin contact at the middle of anterior tibialis muscle belly with
doses (energy) of 1, 3, 6, and 9 J/point and corresponding
irradiation times of 17, 50, 100 and 150 s, respectively. Energy
densities were 27.47, 82.42, 164.84 and 247.25 J/cm® respec-
tively. The laser energy doses were chosen according to pre-
vious studies from our research group [23, 24].

Analyses

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

Evaluation of inflammatory mediators (IL-1(3, IL-6, and
TNF-o) The levels of IL-13, IL-6, and TNF-c in the muscle
samples were determined by enzyme-linked immunosorbent
assays, using a commercial kit and following the manufac-
turer’s instructions (R&D System). For this purpose, 96-well
plates were coated with 100 pL of monoclonal antibody for
each cytokine (anti-IL-13 and IL-6) and diluted in sodium
carbonate buffer (0.1 M, pH 9.6), whereas anti TNF-« was
diluted in sodium phosphate buffer (0.2 M, pH 6.5). The
plates were incubated (4 °C) for 18 h. For blocking, the
plates were washed with PBS containing 0.05 % Tween 20
(PBST) four times and then filled with 300 L/well of
blocking solution (3 % gelatin in PBST; Sigma) at 37 °C
for 3 h and subjected to a new cycle of washes. Next, 100 uL
of properly diluted samples or standards of recombinant
cytokines were added to the plate and left for 18 h at 4 °C.
After washing, 100 uL of the respective biotinylated anti-
bodies for the specific detection of each cytokine was added
and left for 1 h at room temperature. After washing the
plates, 100 pL of streptavidin-peroxidase was added and left

for 1 h at room temperature (22 °C), followed by further
washing. The reaction was revealed by adding 100 pL/well
solution of 3,3',5,5-tetramethylbenzidine and stopped by
adding 50 uL/well of sulfuric acid (2 M). Readings were
performed in a Spectrum Max Plus 384 spectrophotometer
(Sunnyvale, CA) at a wavelength of 450 nm, with correction
at 570 nm. Sample concentrations were calculated from
standard curves obtained from recombinant cytokines. The
limit of detection was 1.95 pg mL™" for IL-18 and TNF-«
and 3.13-300 pg mL ' for IL-6.

Statistical analysis

A blinded observer performed the statistical analysis. Data
are expressed as mean and standard error () of the mean
(SEM). All data were statistically evaluated by analysis of
variance, followed by the Tukey—Kramer post hoc. Values
with p<0.05 were considered statistically significant.

Results

Our experimental model significantly increased (p<0.05)
IL-13 levels in injured non-treated group. LLLT with 1 J
was the only treatment that significantly decreased IL-1(3
levels compared to injury group (p<0.05). Additionally,
treatment with 1 J LLLT was significantly better (p<0.05)
than diclofenac and cryotherapy. Figure 1 summarizes results
regarding IL-1(3.

Similarly, the experimental model of skeletal muscle trau-
ma employed in this study also significantly increased
(»<0.05) IL-6 levels in the injured non-treated group. Again,
treatment with 1 J LLLT was the only one to significantly

IL-1p

Fig. 1 IL-1p levels. The samples were collected at 6 h after muscle
trauma. The values are the mean and error bars are SD; n=6 animals
per group (®p<0.05 vs control group; *»<0.05 vs injury group;
#%p<0.05 vs diclofenac group; "p<0.05 vs cryotherapy group;
$p<0.05 vs 3 J group; *p<0.05 vs 6 J group)
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decrease IL-6 levels compared to injury group (p<0.05). LLLT
with 1 J showed significantly better results than diclofenac
and cryotherapy. Results regarding IL-6 are summarized in
Fig. 2.

The same pattern was observed regarding TNF-o levels.
Experimental model of muscle trauma significantly in-
creased (p<0.05) TNF-« levels in injured non-treated group.
One more time treatment with 1 J LLLT was the only therapy
to significantly decrease TNF-« levels compared to injury
group (p<0.05). LLLT with 1 J again showed significant-
ly better results than diclofenac and cryotherapy. Figure 3
summarizes results regarding TNF-o levels.

Discussion

In this study, we employed an experimental model of con-
trolled muscle trauma trying to mimic contusion that is one
of the most common mechanisms of skeletal muscle injury.
Firstly, it is important to highlight that our experimental
model was able to promote the typical increase of pro-
inflammatory cytokine release that occurs in acute phase
according as observed in non-treated injury group.

We observed that only treatment with LLLT at 1 and 9 J
doses was able to significantly decrease IL-1f3 levels com-
pared to the injury group (p<0.05). Additionally, LLLT with
1 J dose was significantly better (p<0.05) than cryotherapy
and diclofenac, as well as 3 and 6 J LLLT doses tested.

On the other hand, regarding IL-6 and TNF-« levels, only
LLLT at 1 J dose significantly decreased the levels of these
cytokines compared to injury group (p<0.05). Similarly to
the results of IL-1(3 levels, LLLT with 1 J dose was signif-
icantly better (»p<0.05) than cryotherapy, diclofenac, and 3
and 6 J LLLT.
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Fig. 2 IL-6 levels. The samples were collected at 6 h after muscle
trauma. The values are the mean and error bars are SD; n=6 animals
per group (®p<0.05 vs control group; *»<0.05 vs injury group;
#%p<0.05 vs diclofenac group; "p<0.05 vs cryotherapy group;
$p<0.05 vs 3 J group; *p<0.05 vs 6 J group)
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Fig. 3 TNF-« levels. The samples were collected at 6 h after muscle
trauma. The values are the mean and error bars are SD; n=6 animals
per group (°p<0.05 vs control group; *»<0.05 vs injury group;
#%p<0.05 vs diclofenac group; “p<0.05 vs cryotherapy group;
%p<0.05 vs 3 T group; “p<0.05 vs 6 J group)

In a recent study performed by our research group, we
employed the same experimental model of muscle trauma;
however, we used 830 nm wavelength and we analyzed other
aspects such as muscle morphology and gene expression of
inflammatory markers [24]. Differently of the results observed
in the present study, all LLLT doses tested (1, 3, and 9 J)
significantly improved both morphological and biochemical
aspects of acute inflammation compared to injury and diclofenac
groups. However, 9 J dose showed slightly better results than
other doses. Despite similarity of experimental model and doses
tested, as well as difference of aspects evaluated between stud-
ies, this illustrates how difficult it is to establish an optimal dose
and better parameters for LLLT, and also that different wave-
lengths have different patterns regarding optimal dose.

In other study [25], we analyzed the effects of LLLT (3 J),
topical and intramuscular diclofenac used as single or
combined therapy on functional aspect (walking index),
and also inflammatory markers (cyclooxygenase-1 (COX-1),
cyclooxygenase-2 (COX-2), and prostaglandin E, (PGE,),
respectively) after an experimental model of controlled muscle
strain. Despite that all treatments (single or combined) have
improved COX-1 and COX-2 gene expression compared to
the injury group (p<0.05), only groups where LLLT was used
(as single or combined treatment) showed a significant im-
provement regarding PGE, levels and walking index analysis.

Still regarding inflammatory markers, we recently ob-
served that a single treatment of LLLT (904 nm, 15 mW, dose
of 1 J) before tetanic contraction of tibialis anterior in rats
significantly increases skeletal muscle performance and de-
creases skeletal muscle damage and COX-2 gene expression.
These findings mean that LLLT seems to protect muscles
against damage and inflammation induced by exercise [18].
It is important to highlight that 1 J energy dose that showed
these protective effects in muscle tissue is the same to what
was used in the present study.
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Surprisingly, in the present study, two of treatments wide-
ly used in acute phase after muscle trauma do not show
significant effects compared to the non-treated injured group
in none of outcomes tested, which demonstrates that LLLT is
an interesting alternative to classic treatments like NSAIDs
and cryotherapy, and this increases scientific evidence re-
garding the use of LLLT in the treatment of musculoskeletal
disorders.

Conclusion

We conclude that 904 nm LLLT with dose of 1 J decreases
pro-inflammatory cytokine release in acute inflammatory
phase after muscle contusion. Furthermore, LLLT is better
than topical application of diclofenac and local application of
cryotherapy. Further studies are needed to translate these
findings to clinical settings.

Acknowledgments Professors Ernesto Cesar Pinto Leal-Junior and
Lucio Frigo would like to thank FAPESP grant numbers 2010/52404-
0 and 2012/06832-5, respectively.

References

1. Li Y, Cummins J, Huard J (2001) Muscle injury and repair. Curr
Opin Orthop 12:409-415

2. Jarvinen TA, Jarvinen TL, Kédridinen M, Aédrimaa V, Vaittinen S,
Kalimo H, Jarvinen M (2007) Muscle injuries: optimizing recovery.
Best Pract Res Clin Rheumatol 21:317-331

3. Sato K, Li Y, Foster W, Fukushima K, Badlani N, Adachi N, Usas
A, Fu FH, Huard J (2003) Improvement of muscle healing through
enhancement of muscle regeneration and prevention of fibrosis.
Muscle Nerve 28:365-372

4. Beaton LJ, Tarnopolsky MA, Phillips SM (2002) Contraction-
induced muscle damage in humans following calcium channel
blocker administration. J Physiol 544:849-859

5. Nguyen HX, Tidball JG (2003) Interactions between neutrophils
and macrophages promote macrophage killing of rat muscle cells
in vitro. J Physiol 547:125-132

6. Hamada K, Vannier E, Sacheck JM, Witsell AL, Roubenoff R
(2005) Senescence of human skeletal muscle impairs the local
inflammatory cytokine response to acute eccentric exercise. FASEB
J 19:246-266

7. Hegedus B, Viharos L, Gervain M, Galfi M (2009) The effect of
low-level laser in knee osteoarthritis: a double-blind, randomized,
placebo-controlled trial. Photomed Laser Surg 27:577-584

8. Bjordal JM, Lopes-Martins RA, Iversen VV (2006) A randomised,
placebo controlled trial of low level laser therapy for activated
Achilles tendinitis with microdialysis measurement of peritendinous
prostaglandin E2 concentrations. Br J Sports Med 40:76-80

9. Stergioulas A, Stergioula M, Aarskog R, Lopes-Martins RA,
Bjordal JM (2008) Effects of low-level laser therapy and eccentric
exercises in the treatment of recreational athletes with chronic
achilles tendinopathy. Am J Sports Med 36:881-887

10. Gur A, Sarac AJ, Cevik R, Altindag O, Sarac S (2004) Efficacy of

904 nm gallium arsenide low level laser therapy in the management of

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

chronic myofascial pain in the neck: a double-blind and randomize-
controlled trial. Lasers Surg Med 35:229-235

Chow RT, Heller GZ, Barnsley L (2006) The effect of 300 mW,
830 nm laser on chronic neck pain: a double-blind, randomized,
placebo-controlled study. Pain 124:201-210

Chow RT, Johnson MI, Lopes-Martins RA, Bjordal JM (2009)
Efficacy of low-level laser therapy in the management of neck pain:
a systematic review and meta-analysis of randomised placebo or
active-treatment controlled trials. Lancet 374:1897-1908

Basford JR, Sheffield CG, Harmsen WS (1999) Laser therapy: a
randomized, controlled trial of the effects of low-intensity Nd:YAG
laser irradiation on musculoskeletal back pain. Arch Phys Med
Rehabil 80:647-652

Leal Junior EC, Lopes-Martins RA, Dalan F, Ferrari M, Sbabo FM,
Generosi RA, Baroni BM, Penna SC, Iversen VYV, Bjordal JM
(2008) Effect of 655-nm low-level laser therapy on exercise-
induced skeletal muscle fatigue in humans. Photomed Laser Surg
26:419-424

Leal Junior EC, Lopes-Martins RA, Vanin AA, Baroni BM,
Grosselli D, De Marchi T, Iversen VV, Bjordal JM (2009) Effect
of 830 nm low-level laser therapy in exercise-induced skeletal
muscle fatigue in humans. Lasers Med Sci 24:425-431

Leal Junior EC, Lopes-Martins RA, Rossi RP, De Marchi T, Baroni
BM, de Godoi V, Marcos RL, Ramos L, Bjordal JM (2009) Effect
of cluster multi-diode light emitting diode therapy (LEDT) on
exercise-induced skeletal muscle fatigue and skeletal muscle recov-
ery in humans. Lasers Surg Med 41:572-577

Leal Junior EC, Lopes-Martins RA, Frigo L, De Marchi T,
Rossi RP, de Godoi V, Tomazoni SS, Silva DP, Basso M,
Filho PL, de Valls CF, Iversen VV, Bjordal JM (2010) Effects
of low-level laser therapy (LLLT) in the development of exercise-
induced skeletal muscle fatigue and changes in biochemical markers
related to postexercise recovery. J Orthop Sports Phys Ther 40:524—
532

de Almeida P, Lopes-Martins RA, Tomazoni SS, Silva JA Jr, de
Carvalho PT, Bjordal JM, Leal Junior EC (2011) Low-level laser
therapy improves skeletal muscle performance, decreases skeletal
muscle damage and modulates mRNA expression of COX-1 and
COX-2 in a dose-dependent manner. Photochem Photobiol
87:1159-1163

Leal Junior EC, de Godoi V, Mancalossi JL, Rossi RP, De Marchi T,
Parente M, Grosselli D, Generosi RA, Basso M, Frigo L, Tomazoni
SS, Bjordal JM, Lopes-Martins RA (2011) Comparison between
cold water immersion therapy (CWIT) and light emitting diode
therapy (LEDT) in short-term skeletal muscle recovery after high-
intensity exercise in athletes—preliminary results. Lasers Med Sci
26:493-501

de Almeida P, Lopes-Martins RA, De Marchi T, Tomazoni SS,
Albertini R, Corréa JC, Rossi RP, Machado GP, da Silva DP,
Bjordal JM, Leal Junior EC (2012) Red (660 nm) and infrared
(830 nm) low-level laser therapy in skeletal muscle fatigue in
humans: what is better? Lasers Med Sci 27:453—458

De Marchi T, Leal Junior EC, Bortoli C, Tomazoni SS, Lopes-
Martins RA, Salvador M (2012) Low-level laser therapy (LLLT) in
human progressive-intensity running: effects on exercise perfor-
mance, skeletal muscle status, and oxidative stress. Lasers Med Sci
27:231-236

Silveira PC, Silva LA, Fraga DB, Freitas TP, Streck EL, Pinho R
(2009) Evaluation of mitochondrial respiratory chain activity in
muscle healing by low-level laser therapy. J Photochem Photobiol
B 95:89-92

Ramos L, Leal Junior EC, Pallotta RC, Frigo L, Marcos RL, de
Carvalho MH, Bjordal JM, Lopes-Martins RA (2012) Infrared
(810 nm) low-level laser therapy in experimental model of strain-
induced skeletal muscle injury in rats: effects on functional outcomes.
Photochem Photobiol 88:154—160

@ Springer



658 Lasers Med Sci (2014) 29:653—658

24. de Almeida P, Lopes-Martins RA, Tomazoni SS, Albuquerque-Pontes 25. de Paiva Carvalho RL, Leal-Junior EC, Petrellis MC, Marcos

GM, Santos LA, Vanin AA, Frigo L, Vieira RP, Albertini R, de RL, de Carvalho MH, De Nucci G, Lopes-Martins RA (2013)
Carvalho PT, Leal-Junior EC (2013) Low-level laser therapy and Effects of low-level laser therapy (LLLT) and diclofenac (top-
sodium diclofenac in acute inflammatory response induced by skeletal ical and intramuscular) as single and combined therapy in exper-
muscle trauma: effects in muscle morphology and mRNA gene ex- imental model of controlled muscle strain in rats. Photochem
pression of inflammatory markers. Photochem Photobiol 89:501-507 Photobiol 89:508-512

@ Springer



	Effectiveness of LLLT compared to NSAIDs and Cryotherapy.pdf
	What...
	Abstract
	Introduction
	Materials and methods
	Animal model of standardized muscle trauma
	Experimental groups
	Treatments
	Analyses
	Statistical analysis

	Results
	Discussion
	Conclusion
	References



