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Abstract The literature has shown that low-level laser ther-
apy accelerates the repair of cutaneous wounds. However,
there is a scarcity of scientific studies that characterise the
possible systemic interference of laser photobiomodulation.
The aim of this research was to quantitatively evaluate blood
corticosterone levels and tissue cytokine expression in cuta-
neous wounds of rats treated with low-level laser therapy
(semiconductor diode AsGaAl, continuous emission, 9 mW,
670 nm, 0.031 W/cm?, beam with an output area of
0.28 cm?) and normal controls. A total of 36 male Wistar
rats were used and randomly divided into two groups of 18
rats each. A standardised circular 6-mm-diameter wound
was made in the dorsal skin region of each rat, and they
were euthanised at 1, 6 and 12 h after cutaneous surgery.
The blood was collected, and portions of cutaneous tissue
and subcutaneous muscle were removed and cryopreserved.
Corticosterone levels in the blood were measured by a
radioimmunoassay technique; histological sections were
submitted to the ELISA technique for analysis of tissue
cytokine expression levels. At 6 h after surgery, a significant
increase in corticosterone and a significant reduction in the
levels of IL-13 and IL-6 in tissues of irradiated wounds
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were observed when compared to controls (p<0.05). The
levels of TNF-x and IL-10 expression were not significantly
different between the groups at different time intervals.
Thus, this study strongly suggests a systemic and local
biomodulation of low-level laser therapy as indicated by
the blood levels of corticosterone and the tissue expression
of IL-13 and IL-6, respectively.
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Introduction

Photobiomodulatory therapies are considered important al-
ternatives for the treatment of cicatricial processes because
they can regulate the inflammatory response, reduce painful
symptoms and stimulate tissue repair without the adverse
effects commonly caused by drugs [1].

Low-level laser therapy (LLLT) mediates photochemical,
photophysical and photobiological effects at the site of
application as well as in neighbouring regions. Therefore,
laser action is not limited to the area of optical diffusion [2],
and the chemical mediators stimulated by lasers may reach
distant areas of the body via the blood and lymphatic ves-
sels, thereby generating systemic effects [3]. Previous stud-
ies have demonstrated that LLLT can alter the cytokine
profiles in tissues as well as the blood [4, 5].

IL-1 and TNF-« are key mediators of inflammation,
and studies have shown that laser phototherapy may reduce
the production of these mediators, thereby interfering with
the inflammatory response [4]. Cytokines are involved in
pro-inflammatory biological activities, such as fever, stimu-
lation of neutrophil migration into tissues, induction of
vascular adhesion molecules and stimulation of acute phase
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protein synthesis [6]. TNF-« plays an essential role in the
cytokine cascade by stimulating IL-6 secretion [2], which
has both pro- and anti-inflammatory effects [5, 7] and is
frequently used as a marker of systemic pro-inflammatory
activation [8]. Experimental evidence has also indicated that
IL-6 inhibits the regulation of IL-13 and TNF-« synthesis
[9]. IL-10 is also known to be a critical anti-inflammatory
cytokine involved in the human immune response [10]. The
immunosuppressive effects of IL-10 are mediated by the
inhibition of pro-inflammatory cytokines, such as TNF-o
and IL-13 [11-13].

In addition to stimulating the immunoregulatory actions
of cytokines, low-level lasers may modulate inflammation
by promoting the release of endogenous cortisol, a hormone
that acts as a natural anti-inflammatory agent [14]. Cyto-
kines stimulate the hypothalamic—hypophyseal axis to pro-
duce glucocorticoids via the activity of signalling factors
[15], and endogenous glucocorticoids released in response
to stress have been the subject of extensive study because
these hormones act on numerous cell types [16]. However,
little is known about the influence of laser phototherapy on
glucocorticoid levels.

The purpose of this study was to evaluate the corticoste-
rone levels in the blood and the inflammatory cytokine
expression in tissues immediately after the formation of
standardised cutaneous wounds and treatment with 670 nm
LLLT in Wistar rats.

Null hypothesis

The 670-nm diode laser will not modulate corticosterone
levels in the blood and will have no effect on cytokine
expression during the early phase of wound repair.

Materials and methods

This study was approved by the Ethics Committee on the
Use of Animals in Research of the Bahian School of Med-
icine and Public Health, under report no. 015/2009. All
animal handling procedures were performed in accordance
with the rules and guidelines set by this committee.

Animals

Thirty-six Wistar rats, weighing between 150 and 200 g, were
kept in individual cages and were given free access to water
and a balanced diet. The animals were randomly divided into
two experimental groups containing 18 rats each. Within each
experimental group, a further random division was made to
produce three subgroups composed of six animals each, and
each group was subjected to euthanasia at different times (1, 6
or 12 h) after the surgical procedure.
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Experimental groups

Control group Following cutaneous surgery, the tip of the
inactivated laser therapy system was placed in contact with
the wound. This placebo group was divided into three sub-
groups, containing animals undergoing euthanasia 1, 6 or
12 h after cutaneous surgery.

Laser group A semiconductor diode, with an AsGaAl con-
tinuous emission (9 mW, 670 nm, 0.031 W/cm?) beam and
an output area of 0.28 cm? (Laser VR-KC-610; Dentoflex,
Brazil), was used for laser treatment. The laser was applied
to the rats at a dose of 1 J/em®, immediately following
cutaneous surgery. The laser was administered for 31 s in
four equidistant points at the borders of the circular wound.

Surgical procedures

The animals were anaesthetised with an intraperitoneal dose
(0.2 ml/100 g) of 5 % ketamine (2.5 ml) (Vetanarcol —
Konig — lot 007 07, Brazil) and 2 % xylazine (0.5 ml)
(Sedomin — Konig — lot 002 08, Brazil) diluted in saline
(1.0 ml). Next, the dorsum of each rat was shaved, and a
circular wound was made in the cutaneous tissue between
the animal’s front legs near the cervical region (Fig. 1). To
standardise the wound, a punch 6 mm in diameter (Stiefel
Tabe, Sdo Paulo, Brazil) was used as the surgical instrument
and was applied perpendicular to the shaved skin. Repre-
sentative tissue was removed from the ulcerated border of
all experimental animals in both experimental groups
(Fig. 2) 1, 6 and 12 h post-surgery. These tissues were
immediately subjected to the procedure described below.

Quantification of cytokines extracted from the total skin protein

Total protein was extracted, and inflammatory cytokines were
measured using 100 mg of tissue/ml in PBS buffer
supplemented with 0.4 M NaCl, 0.05 % Tween 20 and protease
inhibitors (0.1 mM PMSF, 0.1 mM benzethonium chloride,

Fig. 1 Cutaneous circular wound located in the dorsal region of a rat
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Fig. 2 Tissue fragment representative of the cutaneous ulcer

10 mM EDTA and 20 KI aprotinin A/100 ml). The samples
were centrifuged for 10 min at 3,000xg, and the supernatant
was frozen at —70 °C until quantification was performed. IL-1(3,
IL-6, IL-10 and TNF-« levels were estimated using a commer-
cially available ELISA kit (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s guidelines. Briefly, 96-
well plates were coated with the capture antibody (1:200)
overnight and incubated with blocking buffer at room temper-
ature for 1 h. Samples were added in duplicate and incubated
overnight at 4 °C. Biotinylated antibodies (1:200) were added,
and the plates were incubated for 2 h at room temperature. A 30-
min incubation with streptavidin-HRP (1:200) was followed by
detection using 3,5,3',5'-tetramethylbenzidine and H,O, The
plates were read using a 450-nm wavelength laser.

The optical density was analysed, and a standard curve
was constructed using SoftMax” Pro software (Molecular
devices, CA, USA). The average of the blank optical densi-
ty, which was generated in the wells containing only diluent
solution as the sample, was subtracted from the duplicate
readings for each standard point and sample, and then a
standard curve was created by reducing the data and gener-
ating a four-parameter logistic (4-PL) curve fit.

Blood collection and determination of plasma corticosterone
levels

Blood was collected by decapitation without anaesthesia at
8:00 a.m. on the day corresponding to the experimental
subgroup. Plasma was separated by centrifugation and
stored at —70 °C until further use. Steroids were extracted
from the plasma with 1 ml ethanol. Corticosterone concen-
trations were determined by radioimmunoassay, as de-
scribed by Vecsei [17], and anti-corticosterone rabbit anti-
bodies and 3 H-corticosterone were used as the competitor.

Statistical analysis

The mean and median values of all continuous variables are
presented. Corticosterone and cytokine levels were analysed

using the Kruskal Wallis test followed by a Mann—Whitney
post-test with the Bonferroni correction. P values<0.05
were considered significant.

Results

Blood corticosterone levels measured at 1 and 6 h after
surgery were increased in the laser-treated group compared
to the control group, although statistical significance was
achieved only at 6 h after surgery (p=0.026). At 12 h after
surgery, a decrease in hormone levels was observed in both
groups (Table 1; Fig. 3).

At 1 h after surgery, the levels of TNF-« and IL-1(3 were
increased in tissues treated with the laser compared to the
control tissues, although this difference was not statistically
significant. However, a statistically significant reduction in IL-
13 and IL-6 expression was observed at 6 and 12 h after
surgery in the treated animals compared to the controls
(»=0.039 and p=0.001; p=0.002 and p=0.005, respectively)
(Tables 2 and 3; Fig. 4). The observed reduction in tissue levels
of IL-10 was not statistically significant (Table 3; Fig. 4).

Discussion

Photobiomodulation therapies have been studied for over
40 years, and their capacity to modulate inflammation has
been demonstrated by numerous authors [2, 5, 18, 19]. Of
the studied photobiomodulation therapies, LLLT has demon-
strated outstanding results, and its ability to accelerate the
healing process is well documented in the literature. In addi-
tion to the local effects of LLLT, some authors have suggested
that the potential systemic effects caused by the laser act as co-
adjuvants in tissue repair [14, 20, 21]. In the present study,
LLLT promoted alterations in pro-inflammatory cytokine
levels in tissues and corticosterone levels in the blood,
suggesting both local and systemic effects of LLLT within
the first 12 h after surgery.

Table 1 Levels of corticosterone detected in the control and laser
groups at 1, 6 and 12 h after cutaneous surgery

Study Groups Corticosterone (pg/dl)

period (h) Median (Q1-Q3) Mean (SD)

1 Control 13.900 (8.093-23.739) 14.8+7.9
Laser 21.105 (14. 052-28.942) 21.3£10.8

6 Control* 13.235 (7.375-19.410) 13.1+£6.2
Laser* 25.970 (18.485-29. 210) 23.7+£7.9

12 Control 12.580 (7.640-17.362) 12.7+4.8
Laser 11.320 (9.430-23.650) 15.1+7.1

Kruskal Wallis Test with Bonferroni correction (»p<0.05)
*p=0.026, statistically significant 6 h after surgery
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Fig. 3 Levels of corticosterone detected in the control and laser groups
at 1, 6 and 12 h after cutaneous surgery. *p=0.026, Statistically
significant 6 h after surgery

Although experimental models have limitations and their
results cannot always be extrapolated to humans, countless
studies have demonstrated the effects of in vivo LLLT in
animals [1, 6, 14]. The results of our initial statistical anal-
ysis indicated that a very large number of animals would be
necessary for this study (approximately 40 animals per
group). Due to ethical considerations, particularly the need
to avoid the overuse of animals, a new sample size calcula-
tion was performed that would enable the detection of
significant differences while taking into consideration the
ethical use of animals. Thus, each experimental group (con-
trol and laser-treated) consisted of 18 animals.

Inflammation is mediated by responses generated in the
tissues adjacent to a wound. During an inflammatory re-
sponse, blood vessels supply immune factors to the injured
tissue, where they act to combat infection or tissue injury.
This process occurs as a cascade of cellular and molecular

events that is initiated immediately following injury. In the
early phase of inflammation, neutrophilic infiltrates predom-
inate, which results in intense exudation. However, these
polymorphonuclear cells are gradually replaced by a
monomorphonuclear infiltrate consisting mainly of macro-
phages. The proliferative phase is then established and is
characterised by angiogenesis and fibroplasia. Macrophages
together with fibroblasts produce complementary chemical
signals to attract circulating inflammatory cells and pro-
inflammatory cytokines [18]. The combination of these pro-
cesses and events mediates the characteristic signs and symp-
toms of inflammation, such as oedema, pain and functional
debility [10]. Photobiomodulation therapies, such as LLLT,
are considered adjuvant therapies and have been used to
minimise the deleterious effects of the inflammatory process.

Cytokines have been extensively studied in both clinical
situations and animal studies and are known to mediate
inflammation, immunity and haematopoiesis [4, 5, 10, 18].
The present study evaluated the expression of the pro-
inflammatory cytokines IL-1[3, IL-6 and TNF-o« and the
anti-inflammatory cytokine IL-10 following LLLT. Statisti-
cally significant differences in IL-13 and IL-6 expression
were observed in treated tissues in comparison to control
tissues at 6 and 12 h after surgery, and these results support
previously demonstrated effects of LLLT on cytokine ex-
pression. For example, the study by Pires et al. in 2010 [5]
also demonstrated reductions in pro-inflammatory cytokine
expression post-treatment. In this previous study, tendonitis
was induced in 42 male Wistar rats, which were divided into
seven groups. The treated animals were irradiated with
LLLT (A=780 nm for 75 s at a dose of 7.7 J/em?) at 12 h
and 7 days after the induction of experimental tendinitis, and

Table 2 Levels of TNF-« and IL-13 expression in the control and laser groups at 1, 6 and 12 h after cutaneous surgery

Study period (h) TNF-a (pg/mg)

IL-1B (pg/mg)

Median (Q1-Q3) Mean (SD) Median (Q1-Q3) Mean (SD)
Groups Groups

1 Control 0.191(0.170-0.220)* 0.1+0.02 Control 1.065 (1.053-1.167)** 1.0+0.05
Laser 0.220(0.157-0.259) 0.2+0.05 Laser 1.214 (1.003 -1.265) 1.1+£0.21

6 Control 0.259(0.213-0.307)*** 0.2+0.06 Control 1.928 (1.379-2.190)# 1.8+£0.52
Laser 0.210(0.155-0.246) 0.2+0.06 Laser 1.134 (0.951-1.407)## 1.2+0.34

12 Control 0.179(0.158-0.198) 0.2+0.06 Control 5.472 (5.124-6.219)### 5.6+0.52
Laser 0.156(0.145-0.173) 0.1+0.01 Laser 4.000 (0.835-4.619) 2.80+1.93

Kruskal Wallis Test with Bonferroni correction (p<0.05)
*p=0.024, statistically significant between 1 and 6 h
**p=0.009, statistically significant between 6 and 12 h
***¥p=0.002, statistically significant between 1 and 6 h
#p=0.002, statistically significant between 6 and 12 h

##p=0.039, statistically significant between control and laser groups after 6 h

###p=0.001, statistically significant between control and laser groups after 12 h
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Table 3 Levels of IL-6 and IL-10 expression in the control and laser groups at 1, 6 and 12 h after cutaneous surgery
Study period (h) IL-6 (pg/mg) IL-10 (pg/mg)
Median (Q1-Q3) Mean (SD) Median (Q1-Q3) Mean (SD)
Groups Groups
1 Control 0.289 (0.165-0.379) 0.2+0.09 Control 2.663 (2.023-3.348) 2.6+0.59
Laser 0.189 (0.000-0.396) 0.1+0.21 Laser 2.559 (1.562 - 5.530) 3.6+3.18
6 Control 0.281 (0.276-0.289)* 0.2+0.01 Control 2.261 (2.227-3.865) 3.0+1.42
Laser 0.000 (0.000-0.116) 0.04+0.06 Laser 1.872 (1.202-3.056) 2.0+1.02
12 Control 0.203 (0.148-0.306)** 0.2+0.09 Control 2.315 (1.848-2.975) 2.4+0.80
Laser 0.033 (0.000-0.074) 0.05+0.06 Laser 1,547 (1.159-2.163) 1.6+0.66

Kruskal Wallis Test with Bonferroni correction (p<0.05)

*p=0.002, statistically significant between control and laser groups after 6 h

**p=0.005, statistically significant between control and laser groups after 12 h

at both time points, irradiation resulted in diminished IL-6,
COX-2 and TGF-{3 expression. Furthermore, the studies by
Albertini et al. [18, 22] reported reductions in IL-1f3 and
TNF-« using other experimental models.

During the initial stage of an inflammatory process, the
pro-inflammatory cytokines TNF-oc and IL-1f3 are released
following the activation of macrophages and monocytes at
the site of injury [5]. IL-13 mediates host inflammation in
response to infections and other inflammatory stimuli and
works in conjunction with TNF-« to mediate the innate
immune response to tissue damage, which is accomplished
via the modulation of cell migration and the release of
chemical mediators. In addition, these pro-inflammatory
factors are responsible for inducing the biosynthesis of other
cytokines and are important inducers of the acute inflam-
matory response [18-23].

IL-6, in association with IL-13 and TNF-«, induces the
secretion of C-reactive protein from hepatocytes, and it has
been suggested that the main immunological function of IL-
6 is to potentiate the effects of other cytokines [1, 4]. In this
study, the reduced levels of IL-13 and IL-6 at 6 and 12 h
after surgery demonstrated the anti-inflammatory properties
of LLLT. Furthermore, due to its effects on the migration of
phagocytes and other inflammatory cells, IL-6 plays an
important role in the initial stage of healing [7].

IL-10 is an important anti-inflammatory cytokine that can
suppress TNF-« produced during an immunological response
[7]. However, there are few reports regarding the influence of
LLLT on the expression of IL-10. In the present study, in
addition to the observed reduction in pro-inflammatory cyto-
kine levels, a reduction in IL-10 was observed at 6 and 12 h
after surgery, although these differences were not statistically

Fig. 4 Expression of 0.4- 8-
inflammatory cytokines in the *
tissue, including IL-1(3, IL-6, = 0.3- ~ 64 —
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. . k=) -
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the control and laser groups. 3 @ *
IL-13 *p=0.039, statistically z 3 e
P = 0.1 = 2
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between control and laser N © ¥
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significant. IL-10 is one of the main late-acting anti-
inflammatory cytokines released by activated macrophages
and serves to prevent the excessive activation of macrophages
during periods of inflammation. It would be expected that a
significant increase in IL-10 expression would justify the anti-
inflammatory actions of laser therapy. However, although not
observed in the present study, it is possible that laser
photobiomodulation may be acting via a different mechanism.
The molecular pathways that evoke IL-10 production by
macrophages are poorly understood and have not been
completely elucidated. Furthermore, it is known that the re-
lease of pro-inflammatory cytokines at the onset of wound
healing may prevent the release of other inhibitory chemical
mediators such as IL-10.

The beneficial effects of LLLT have been attributed not
only to cytokine modulation but also to the synergistic and
modulatory affects on glucocorticoids. One anti-inflammatory
mechanism of action for LLLT may be its stimulation of
endogenous corticosterone secretion, which acts as a natural
anti-inflammatory agent against various types of stress, such
as infection and injury [14, 24]. Corticosterone, the main
hormone involved in tissue repair, has anti-inflammatory ef-
fects and alters carbohydrate and protein metabolism. It is
known that IL-13 and IL-6 activate the hypothalamic—hypo-
physeal axis and the release of corticosterone, which in turn
regulates the immune response [15]. In the present study, the
systemic effect of LLLT was demonstrated by the significant
increase in corticosterone levels in the laser-treated group at
6 h after surgery. During this same period after treatment, a
reduction in the levels of pro-inflammatory cytokines was also
observed. Considering the clinical implications of laser thera-
py, the results of the present study strongly suggest that LLLT
has a significant anti-inflammatory effect during the first
hours after tissue damage, and its clinical use should therefore
be indicated early in several situations, such as during the
immediate post-operative period and in chronic inflammatory
diseases.

Although not investigated in the current study, previous
authors have shown that LLLT interferes with the biological
actions of tissue mast cells and can intensify their degranu-
lation during the first hours after tissue damage. For exam-
ple, Pereira et al. [25] found an increase in the number of
degranulated tissue mast cells in rats treated with laser
therapy in a model of skin healing identical to the one used
in the present study. This increase occurred 12 h after the
experimental wound and may represent a compensatory
immune defence mechanism, given that other inflammatory
pathways could be inhibited by the increased production of
cortisol stimulated by laser therapy, as shown in our study.

In the present study, the authors were unable to confirm
the positive effects of LLLT in the chronology of skin repair
because the period analysed corresponded to the first few
hours after the surgical wound was made and laser treatment
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was administered. Therefore, only the primary effects of
LLLT were analysed. Previous studies published by our
research group have demonstrated the beneficial effects of
LLLT during different wound healing periods, and Medrado
et al. [26] studied the effects of LLLT on wound healing
until 60 days after cutaneous surgery.

Together, the results of the current study demonstrate that
LLLT (at 670 nm) increased the corticosterone level in the
blood during earlier time points following tissue damage,
indicating a potential systemic effect of the laser. In addi-
tion, the local tissue responses evaluated in situ showed
evidence of the anti-inflammatory effects of LLLT during
the first 12 h after cutaneous surgery, as revealed by the
decreased expression of IL-1f3 and IL-6. However, addition-
al studies are needed to confirm the positive effects of
photobiomodulation on the wound healing inflammatory
process, and such studies should evaluate serum and tissue
cytokine expression in relation to the chronological effects
of laser therapy.
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