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1. Introduction

Asthma is one of the most common diseases, charac-
terized by airway obstruction, airway inflammation
and airway hyperresponsiveness to various stimuli
[1]. Cytokines have an important action in the
chronic inflammation response in asthma. Some in-
flammatory cells, as for example eosinophils, trachea
and bronchi epithelial cells and smooth muscle cells
produce and secrete cytokines that have important
role in asthma, such as the cytokines released by the
Th2 response lymphocytes [2, 3]. The exacerbated
inflammatory response provoked by great amounts
of these mediators is also responsible for features as
inflammatory infiltrate and structural alterations in
airway and lung [4].

In both animal and humans with allergic lung in-
flammation, eosinophils and lymphocytes are the
main inflammatory cells found in the bronchoalveo-
lar lavage or sputum, respectively, thus making these
cells useful markers for evaluation of asthma sever-
ity [5-7]. Whereas the peak of eosinophils in the
lung that occurs 48 hours after the antigenic chal-
lenge, studies concerned with LLLT efficiency dur-
ing this critical period are important for understand-
ing the effectiveness of the laser light [8]. Thus, we
decided to investigate the laser effect on cell migra-
tion response at this time-point.

The allergic airway inflammation involves the ac-
tion of diverse cell types (T-cells, eosinophils, mast
cells, and dendritic cells) [5]. Besides interleukins se-
creted by Th2 lymphocytes, the cellular migration
and these inflammatory cells interactions are also
synchronized by chemical mediators called chemo-
kines [9]. Chemokines are important for the events
of migration and activation of inflammatory cells
such as leukocytes, epithelial cells and alveolar
macrophages at the allergic response through their
receptors, which play an important role in the re-
cruitment, leukocytes cell activation and resident
cells in the allergic inflammatory process [7]. The in-
flammatory cells migration through specific chemo-
kines receptors activation can guarantee a specific
cellular response and thus initiate and perpetuate
the allergic inflammation of airway and lung [10, 11].

Chemokines are recognized by receptors coupled
to G-protein [12]. The most of chemokines receptors
(CCR) identify more than one chemokine, and many
chemokines can be bound to various receptors. This
condition permits a great ability on the chemokines
action [13]. Among the CCR, both the CCR1 and
the CCR3 have an important role in allergic inflam-
matory diseases. Both can bind with other ligands,
including RANTES and CCL3 [14, 15].

Besides the pro and the anti-inflammatory CD4+
lymphocytes mediators releasing in the airway and
lung, the oxidative stress can also interfere with
phospholipids, proteins, and nucleic acids. It is

mediated by reactive oxygen species (ROS) secre-
tion, such as hydrogen peroxide, superoxide anion,
singlet oxygen, hydroxyl radical, as well as nitric
oxide (NO), species peroxynitrite anion and nitrogen
dioxide [16]. These molecules participate in both the
cellular dysfunction and the inflammation in asth-
matic individuals and other species of mammals [17].
ROS species and the products of their metabolism
are found in asthmatic with airway and lung dis-
eases, such as chronic obstructive pulmonary disease
(COPD) and asthma [18]. In the same sense, the de-
fensive mechanisms against ROS is fundamental to
alleviate the injury secondary to imbalance between
the secretion of ROS and the antioxidant enzymes
activity, including superoxide dismutase (SOD), glu-
tathione peroxidase (GP) and catalase. These en-
zymes aid to the chronicity of the inflammatory re-
sponse seen in allergic asthma [19].

Despite the recognized anti-inflammatory effect
of laser therapy on wound healing situations [20]
and diseases that affect the skeletal muscle [21],
there is a growing number of reports showing the ef-
ficiency of LLLT in alleviating the late and early
symptoms of pulmonary disease of different etiolo-
gies [22-25]. Nevertheless, the cellular signaling re-
sponsible for the beneficial effect of LLLT in allergic
asthma has not been elucidated yet.

The anti-inflammatory effect of laser therapy in
experimental models of lung inflammation is present
in the reduction of inflammatory cells infiltrate as
well as in the decrease of airway obstruction (bron-
choconstriction). Probably the magnitude of these
effects is due to the fact that LLLT interferes in both
the secretion of inflammatory mediators and the ex-
pression of transcription factors which are responsi-
ble for lung inflammation. Regarding the laser effect
on allergic lung inflammation, we recently reported
that a diode laser with a wavelength of 660 nm re-
duces the bronchial hyperreactivity through a me-
chanism that seems to be modulated via RhoA. In
the same study, we also revealed that LLLT Iles-
sened allergic lung inflammation, via STAT6 which
can be one of the main targets of LLLT. We demon-
strated that LLLT together with N-acetylcysteine re-
duce both the macrophage inflammatory protein-2
(MIP-2) expression and the generation of intracellu-
lar ROS of alveolar macrophages [26]. Some authors
have demonstrated in experimental studies that laser
treatment controls lung inflammation equilibrating
the effect between pro-oxidant and anti-oxidant
mediators in lung inflammation induced by intestinal
ischemia and reperfusion [27]. Recently, we have de-
monstrated that laser therapy suppresses the oxida-
tive stress-induced glucocorticoids resistance in al-
veolar macrophages by a cellular mechanism that in-
volves the reduction of cytokine secretion and the
increase of histone deacetylase activity [28]. In a
model of acute lung inflammation, LLLT reduced
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both the neutrophil recruitment and lung edema
through mechanisms that involve downregulation of
pro-inflammatory mediators, such as TNF and IL-1p,
as well as upregulation of anti-inflammatory media-
tors, such as IL-10 [29]. It has been reported that the
laser effect on balance between pro- and anti-inflam-
matory mediators is the result of its action on tran-
scription factors such as nuclear transcription factor-
kB (NF-xB) and peroxisome proliferator-activated
receptor-y (PPARY) [30]. Therefore, we explored if
LLLT attenuates the secretion of chemokines re-
sponsible for the attraction of eosinophils as well as
the unbalance between the pro- and antioxidants
proteins in lung from allergic mice. In this context,
the present work was designed to study if the laser
therapy could control the lung oxidative stress in a
model of allergic asthma in mice.

2. Material and methods

2.1 Ethical statement

This study was carried out in accordance to the Bra-
zilian Guidelines for the Care and Use of Labora-
tory Animals Guide. The protocol was approved by
the Federal University of Sdo Paulo Committee on
Ethics of Animal Experiments. Every surgery was
performed under anaesthesia with pentobarbital
(50 mg - kg1), and all efforts were made to minimize
suffering. For euthanasia, the mice received an ex-
cessive dose of chloral hydrate (>400 mg - kg, i.p.)
under anesthesia.

2.2 Animals

The assays were accomplished on eight-week-old
male BALB/c mice of the Federal University of Sao
Paulo Development Center of Experimental Models
for Medicine and Biology biotherium. They were
kept in polypropylene cages (five per cage) under
standard conditions of temperature (22-25 °C), rela-
tive humidity (40-60%) and 12 h light/dark cycle
with access to food and water ad libitum.

2.3 Sensitization and antigen challenge

Mice were sensitized at days 1, 8 and 15 by subcuta-
neous (s.c) injection of 400 pLL of a suspension con-
taining 100 mg grade V ovalbumin (OVA) bound to
4mg of aluminum hydroxide in sterile phosphate
buffered saline (PBS) solution. Seven days after the

second sensitization, the groups of animals were
briefly anesthetized with halothane and intranasally
challenged with OVA (10 pg in 50 pL of sterile sal-
ine solution), or received the same volume of sterile
saline solution alone. These OVA exposures were
performed twice a day, during two consecutive days;
the untreated challenged animals received the same
volume of saline sterile alone. All mice were eutha-
nized 48 h after the first challenge by sectioning the
abdominal aorta under deep chloral hydrate an-
esthesia (>400 mg - kg! i.p.), and then the measure-
ments were carried out.

2.4 Low- Level Laser Therapy (LLLT)

Animals challenged with OVA were irradiated by
using a continuous wave laser diode module (MM
Optics, Sao Paulo, BRAZIL) with the following
parameters: output power of 30 mW, 660 nm wavel-
ength, spot size of 0.08 cm?2, with exposure radiant of
112.5 J/em? and irradiance of 0.375 W/cm?. The phy-
sical parameters of laser irradiation used herein are
described in Table 1. The optical power was cali-
brated using a Newport 1835C multifunction optical
power meter (Equipland, Oklahoma Road, Sao Jose,
CA, USA). The mice were irradiated, via transcuta-
neous, on the main bronchus. Laser power was mon-
itored during laser irradiation by collecting laser
light with a partial reflection (4%) mirror. The laser
dose was set at 9J for 5 min after the sensitization
period until the last OVA challenge, twice a day
every 12 h. Elapsed forty-eight hours after the anti-
genic challenge the cellular migration as well as the
oxidative stress in lung and BALF were analyzed.

2.5 Experimental groups

All four groups were studied as described in Table 2:
1) control group, consisted of sensitized non-manipu-
lated mice; 2) laser group, non-allergic animals and
treated with laser irradiation; 3) the allergic group,
that consisted of mice subjected to antigen exposure,

Table 1 Laser Irradiation Parameters.

Laser Parameters

Wavelenght 660 nm

Potency 30 mW

Radiant exposure 112.5 J/em?
Irradiance 0.375 W/cm?

Dose 9]

Spot size 0.08 cm?
Irradiation time 300 seconds
Contact applied contactless
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Table 2 Experimental Groups.

Group Description
1) control Non-sensitized and non-challenged mice
2) laser Non-sensitized and non-challenged mice, treated with laser for 5 min every 12 h

3) allergic
4) allergic + laser

Sensitized and challenged mice
Allergic mice treated with laser for 5 min immediately after the sensitization period

until the last OVA and to each 12 h

without treatment; 4) allergic + laser group: allergic
animals, treated with laser.

2.6 Cellularity

BALF cells were collected from the airway lumen
by flushing the airways with a 10 mg - kg! RPMI
1640 through the tracheal cannula. Total cell counts
were obtained in BALF samples using an automated
cell counter (Sellex, USA). The slides were fixed
and stained using a Hema-tek 2000 (BioRad, USA)
with Wright’s-Giemsa stain. BALF cellularity data
were expressed as cells - mL-1.

2.7 IgE

OVA-specific IgE levels in serum free were ana-
lyzed by ELISA. The results are shown as absor-
bance units at 492 nm.

2.8 ICAM-1

Paraffin sections of lung tissue were processed for
standard immunohistological staining using the la-
beled streptavidin-biotin method and polyclonal rab-
bit anti-mice ICAM-1 antibody diluted at 1:100
(Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The positive reaction was visualized as a yellowish
brown stain following treatment with 3, 3-diamino-
benzidine. Immunohistochemical images were as-
sessed using the Imaging Densitometer (AxioVision,
Zeiss, USA) and a computer program (AxioVision).

2.9 ROS, RANTES, CCLS, CCL3
and Eotaxin in BALF and ICAM-1 in lung

The mediators in BALF were determined by En-
zyme Linked Immuno Sorbent Assay (ELISA) using
commercially available kits according to the manu-
facturer’s instructions. The detection limit of these

assays was found to be in the range of 10 ng - mL-!
for ROS, 31.2 pg - mL-! for RANTES, 2.34 pg - mL-!
for CCLS8, 31.2 pg-mL-! for CCL3, and 19.53 pg -
mL-! for eotaxin. For ICAM-1 in lung tissue, protein
content was measured using the Lowry assay.

2.10 CCRI and CCR3

The receptors were measured by ELISA using com-
mercially available kits according to the manufac-
turer’s instructions. The detection limit of these as-
says was found to be in the range of 10 pg - mL-! for
CCRI1 and 12.5 pg - mL-! for CCR3.

2.11 NOS activity

NOS activities in the lung homogenates were deter-
mined based on the [*H]J-L-arginine to [*H] -L-citru-
line conversion according to method described by
[30].

2.12 Nitrite and nitrate

Total concentrations of nitrite and nitrate anions in
BALF samples were determined by the Griess reac-
tion as described by [31].

2.13 Antioxidant enzymes

SOD activity was measured using the hypoxanthine—
xanthine system with absorbance of 550 nm as pre-
viously described by [32]. According to the method
of [33] the catalase activity was evaluated by meas-
uring the consumption of hydrogen peroxide with
absorbance of 240 nm. Glutathione peroxidase (GP)
analysis method was determined using Tert-butyl-
hydroperoxide with absorbance of 340 nm as de-
scribed by [34]. As previously described by [35] the
glutathione reductase (GR) was measured through
NADPH consumption with absorbance of 412 nm.
The enzyme activity values were expressed as rela-
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tive to the total protein content measured according
to the method of [36].

2.14 Lipid peroxidation

The lipid peroxidation was measured using the thio-
barbituric acid-reactive substances (TBARS) meth-
od. TBARS levels were determined by absorbance
at 535 nm and expressed as malondialdehyde equi-
valents (nmol/mg protein) as described by [37].

2.15 iNOS, HO-1 and Nrf2

Lung fragments were cut into pieces of 5 mm using
a tissue chopper, flesh frozen in liquid nitro-
gen and stored at —80 °C for Real Time-PCR (RT-
PCR) analysis of genes expression. Primers used
for iNOS mRNA quantification were forward
5'-GTGGTGCACAAGCACATTTG-3’ and reverse
5-GGCTGGACTTTTCACTGC-3'. For HO-1
mRNA quantification the primers used were for-
ward 5-AACTTTCAGAAGGGCCAGGT-3' and
reverse 5'-CTGGGCTCTCCTTGTTGC-3'. The pri-
mers used for Nrf2 mRNA quantification were
forward 5 ACACGGTCCACAGCTCATC-3" and
reverse 5-TGTCAATCAAATCCATGTCCTG-3'.

The primers for p-actin were forward 5'-
TTCAACGGCACAGTCAAGG-3" and reverse
5'-ACATACTCAGCACCAGCATCAC-3’ were

used as control. For the RT-PCR of NADPH oxi-
dase subunit (gp91 phox), the Tagman inventoried
assays-on-demand gene expression kits were pur-
chased from Applied Biosystems. 18S rRNA was
used as endogenous control.

2.16 HO-1

Inflation-fixed lungs were paraffin embedded and
cut into 10 um sections. The sections were blocked
in a solution of 5% nonfat dry milk, 1% BSA, 5%
goat serum in 0.01 M PBS, and 0.1% Triton X-100
before incubation overnight at 4 °C with antibodies
to ferritin or HO-1 in 1% BSA in 0.01 M PBS and
0.1% Triton X-100 at dilutions of 1:100 and 1:500,
respectively. The signal was detected with peroxi-
dase-conjugated avidin and diaminobenzidine. The
slides were examined on an Olympus BX41 light mi-
croscope.

2.17 Nrf2 immunohistochemistry in lung

Paraffin embedded sections of lung were collected
on positively charged glass slides, deparaffinized, re-

hydrated and subjected to antigen retrieval by in-
cubation in Target Retrieval solution, pH 6.0 for
25 min at 90 °C, followed by a 20 min cooling period
at room temperature. The sections were then, treat-
ed with 0.3% hydrogen peroxide in water for 15 min
to quench endogenous peroxidase activity. Following
a rinse in Tris buffered saline with 1% Tween-20
(TTBS), the slides were subjected to two blocking
steps: (i) 15 min incubation with 0.15 mM glycine in
PBS, and (ii) 30 min incubation with 1% normal
horse serum with a rinse in TTBS in between. The
slides were then incubated with rabbit polyclonal
antibody to human Nrf2, GCS (Santa Cruz Biotech-
nology, Santa Cruz, CA), MDA, NQO1 (Abcam,
Cambridge, MA) or respective isotype IgG control
at a 1:100 dilution in blocking buffer followed by
several rinses TTBS. This was followed by a 30 min
incubation with biotinylated goat-anti rabbit IgG
(Vector Laboratories) and visualization of bound
antibody by the Avidin-Biotin system (Vector La-
boratories) and diaminobenzidine substrate. The
sections were counter-stained with Meyer’s hema-
toxylin (Scytek Laboratories) mounted with cover-
slips, and examined on an Olympus BX41 light mi-
croscope.

2.18 Data analysis and statistical procedures

All data are expressed as mean +S.E.M. and were
analyzed by One-way ANOVA followed by the Stu-
dent-Newman-Keuls test for multiple comparisons
with exception for the iNOS expression experiments.
Statistical significance was established at p < 0.05.

3. Results

3.1 Leukocyte lung infiltration

To determine the effect of LLLT on the leukocyte
lung infiltration induced by antigen exposure, we as-
sessed the total count of cells in BALF and per-
formed histological analysis as illustrated in Figure 1.
It can be observed that the total count of cells in
BALF of antigen-challenged rats was significantly
increased when compared with control group (1A)
and that such increase was significantly reduced by
LLLT. Diff-Quik staining of cells revealed that most
of the new cells were eosinophils and that the eosi-
nophils number in BALF from antigen-challenged
mice was largely reduced by LLLT (1B). Histologi-
cal examinations also revealed increased eosinophilic
inflammation in airways wall in the antigen-chal-
lenged mice compared with control group (1C); on
the contrary, laser treatment reduced eosinophilic in-
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Figure 1 LLLT on cellular infiltrate in lung: The count of the total cells (A) as well as the eosinophils, lymphocytes, neutro-
phils and monocytes (B) were carried out in BALF obtained from the control, allergic and laser-treated allergic mice 48 h
after the last OVA challenge. Sections of formalin-fixed lungs (C) were stained with hematoxylin and eosin before examina-
tion with light microscopy (original magnification, x100). The laser irradiation dose was set at 9 J for 5 min after the sensiti-
zation period and to each 12 h during 48 h after the first OVA challenge g. Each bar represents the mean + SE from 5 differ-
ent animals. Results were considered significant when p < 0.05. — Peribronchial region; x bronchial contractility; — Inflam-
matory cells. The lung morphometry of all experimental groups is described in Table 3. Each bar represents the mean +SE
from 5 different animals. Results were considered significant when p < 0.05. — 100 pm.

flammation induced by antigenic challenge com-
pared with antigen-challenged mice. The pulmonary
morphometry is described in Table 3.

served. Otherwise, LLLT profoundly decreased the
levels of IgE in serum of asthmatic animals.

3.3 Immunohistochemistry for ICAM-1
3.2 IgE

LLLT effect on ICAM-1 protein concentration is

Figure 2 represents the laser effect on levels of anti-
body IgE in allergic animal’s serum. It shows that
the levels of IgE in serum were measured by ELISA
48 h after the first OVA challenge. A marked in-
crease in IgE concentration in allergic mice was ob-

Table 3 Description of pulmonary morphometry.

shown in Figure 3. Pulmonary localization of ICAM-
1 was marked with immunohistochemical staining.
ICAM-1 protein in lung was significantly higher in
the allergic group compared with the control group
(3A). There was a significant decrease on ICAM-1

control allergic allergic + laser

— Peribronchialregion without — Peribronchiolaredema — Reduction of peribronchiolar
edema edema after LLLT

* Absence of bronchoconstriction: *  Bronchoconstriction: increase x  Reduction of bronchoconstriction
not have alteration of bronchial of bronchiolar contractility with after LLLT
contractility hyperplasia of smooth muscle

— Absence of inflammatory cells — Increasing of cellular migration — Reduction of cellular migration
in peribronchial regions after LLLT
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Figure 2 LLLT on total immunoglobulin E (IgE) in serum:
The total immunoglobulin (IgE) in serum of all experimen-
tal groups is represented herein. Serum obtained from con-
trol and allergic mice were assayed for IgE by enzyme-
linked immunosorbent assay (ELISA). The IgE level in se-
rum was measured 48 h after the last antigenic challenge.
The laser irradiation dose was set at 9 J for 5 min after the
sensitization period to each 12 h during 48 h after the first
OVA challenge. Each bar represents the mean +SE from
5 different animals. Results were considered significant
when p <0.05.

protein in lungs harvested from animals treated with
laser (3A). The presence of ICAM-1 in allergic ani-
mals lungs is confirmed by immunohistochemical
staining (yellowish brown) (3B) and it is also evi-
denced by LLLT effect directly on ICAM-1. In the
photomicrography, the arrow (—) indicates the pre-
sence of ICAM-1 in peribronchial region, and the
star (%) evidences the presence of ICAM-1 in the
lung parenchyma. LLLT abolished the ICAM-1 se-
cretion in lung parenchyma, but there is still a little
expression of this adhesion molecule in peribron-
chial region. As expected, the control group did not
present immunohistochemical stain for ICAM-1. La-
ser irradiation in the control group animals showed
no effect on ICAM-1 expression.

*) p <001 , p<0.05
1200+ I PR3 i

1000+
8004
600
400-

L —
control laser allergic allergic + laser

ICAM-1 (pg.mg™)

3.4 ROS, RANTES, CCLS, CCL3
and eotaxin in BALF

As it is seen in Figure 4 the levels of ROS (4A),
RANTES (4B), CCL8 (4C), eotaxin (4D), and
CCL3 (4E) in BALF of allergic mice were signi-
ficantly increased compared with those in the control
group. On the contrary, the levels of ROS,
RANTES, CCLS8, CCL3 and eotaxin in allergic mice
BALF were reduced after laser therapy when com-
pared with allergic mice. There is no significant dif-
ference between the control and laser groups.

3.5 CCRI and CCR3 in lung

As it can be observed in Figure 5, both the CCR1
and the CCR3 receptors for chemokines RANTES
and CCLS, respectively, are augmented in allergic
mice when compared with control group. It was re-
vealed that LLLT reduced the CCR1 (5A) and
CCR3 (5B) concentration in allergic mice lung tissue
when compared to allergic mice not treated with la-
ser. The CCR1 and CCR3 receptors concentration
in lung tissue was not different among the control
and laser groups.

3.6 NOSin BALF

Figure 6 represents the laser effect on NOS in
BALF of mice of all experimental groups. After
48 hours the antigenic challenge did not affect NOS
activity dependent on Ca*2, but significantly in-
creased the activity of NOS independent of Ca*2

(B)

‘control allergic

Figure 3 LLLT on ICAM-1 in lung: The changes on ICAM-1 protein in mice lung among the groups (control, allergic and
laser-treated allergic) were determined 48 h after the last challenge and they are illustrated herein. The ICAM-1 concentra-
tion in lung tissue was assessed by ELISA technique (A). For immunohistochemical localization of ICAM-1 in lung, the
positive reaction was visualized as a yellowish brown stain (B). Both assays were performed 48 hours after the last challenge.
The laser irradiation dose was set at 9 J for 5 min after the sensitization period and to each 12 h during 48 h after the first
OVA challenge. The arrow indicates the localization of ICAM-1 in the peribronchial region, and the star indicates the
ICAM-1 localization in the lung parenchyma. Each bar represents the mean +SE from 5 different animals. Results were
considered significant when p < 0.05.
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Figure 4 LLLT on chemokines in BALF: ROS and chemokines concentration in BALF of the control, allergic and laser-
treated allergic group is illustrated herein. BALF fluids obtained from control and antigen-challenged mice were assayed for
ROS (A), RANTES (B), CCLS8 (C), CCL3 (D) and eotaxin (E) by enzyme-linked immunosorbent assay (ELISA) 48 hours
after the last antigenic challenge. The laser irradiation dose was set at 9 J for 5 min after the sensitization period and to each
12 h during 48 h after the first OVA challenge. The cytokines in BALF were assayed 48 h after the last antigen challenge.
Each bar represents the mean +SE from 5 different animals. Results were considered significant when p < 0.05.
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Figure 5 LLLT on CCR1 and CCR3 in lung: It illustrates the CCR1 (A) and CCR3 (B) concentration in lung tissue of
animals in the control, allergic and laser-treated allergic group that was determined 48 h after the last challenge by ELISA
kit in which the intensity of this colored product analyzed by spectrophotometer (450 nm) is directly proportional to the
protein concentration of both the CCR1 and the CCR3 present in the lung tissue. The laser dose was set at 9 J for 5 min after
the sensitization period and to each 12 h during 48 h after the first OVA challenge. Each bar represents the mean +SE from
5 different animals. Results were considered significant when p < 0.05.
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Figure 6 LLLT on NO in BALF: The effect of NOS activity and NO concentration in BALF of the control or allergic mice,
treated or not with laser is illustrated herein. NOS activity (A) and NO concentration (B) were assessed by L-arginine
conversion to citruline and Griess reaction, respectively. The laser irradiation dose was set at 9 J for 5 min after the sensitiza-
tion period and to each 12 h during 48 h after the first OV A challenge. Each bar represents the mean +SE from 5 different
animals. Results were considered significant when p < 0.05.
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Figure 7 LLLT on oxidant enzymes and lipid peroxidation in lung: Catalase activity and thiobarbituric acid reactive species
content as well as the activity of both the SOD and the glutathione peroxidase/reductase in lung of allergic or control mice
and treated or not with laser are represented herein. Lung fragments were equally homogenized and the activity of each
enzyme was assessed according to description on the “Material and Methods” section. The laser irradiation dose was set at
9 J for 5 min after the sensitization period and to each 12 h during 48 h after the first OVA challenge. Each bar represents
the mean +SE from 5 different animals. Results were considered significant when p < 0.05.
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(6A), which was avoided by LLLT. In addition, the
nitrite and nitrate concentration in allergic animals
BALF (6B) were significantly augmented in relation
to the control group; on the contrary, laser treatment
reduced the nitrite and nitrate concentration in aller-
gic mice lung. LLLT did not provoke effect on both
the NOS and the NOx concentration in the control
group mice.

3.7 Catalase, TBARS, SOD, GPx
and GR in lung

As shown in Figure 7, the lung catalase activity as
well as the TBARS content was increased in the al-
lergic group when compared to the control mice,
and LLLT reversed this increase (7A and 7B). The
activity of GR as well as GPx and SOD was reduced
in the allergic group. Otherwise, LLLT upregulated
GR, GPx and SOD activities (7C-E). LLLT did not
provoke any effect on these enzymes in control
mice.
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3.8 iNOS, NADPH oxidase, HO-1
and Nrf2 mRNA expression

Figure 8 represents the protein markers mRNA ex-
pression of the oxidative stress in lung of allergic,
control and laser-treated allergic mice. As it can be
observed, the allergic mice presented a concentra-
tion of iNOS and NADPH oxidase higher than the
control mice. On the contrary, the HO-1 as well as
the Nrf2 expression was downregulated in allergic
mice when compared to the control group. LLLT ef-
fect was different to each protein once the laser ther-
apy downregulated both the mRNA expression of
iNOS (8A) and NADPH oxidase (8B) when com-
pared to allergic animals not irradiated. Oppositely,
the laser upregulated the HO-1 (8C) and Nrf2 (8D)
expression in comparison to allergic mice. There is
no significant difference among the control and laser
groups.
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Figure 8 LLLT on iNOS, NADPH oxidase, HO-1, Nrf2: The mRNA expression of the enzymes iNOS, NADPH oxidase,
HO-1, Keap-1 as well as the transcription factors Nrf2 in lung of the control, allergic and laser-treated allergic group is
illustrated herein. The mRNA expression for iNOS (A), NADPH oxidase (B), HO-1 (C) and Nrf2 (D) in lung tissue were
evaluated through Real Time-PCR 48 h after the last OVA challenge. The laser irradiation dose was set at 9 J for 5 min after
the sensitization period and to each 12 h during 48 h after the first challenge. Each bar represents the mean +SE from
5 different animals. Results were considered significant when p < 0.05.
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3.9 Immunohistochemical localization
for HO-1 and Nrf2

Figure 9 illustrates the lung localization of HO-1 and
Nrf2 in mice of the control, allergic, and laser-treat-
ed allergic groups. Lung localization of both HO-1
and Nrf2 marked with immunohistochemical staining
are represented in (9A) and (9B), respectively. The
presence of HO-1 and Nrf2 in allergic mice lungs
was downregulated in allergic mice when compared
to the control group; however, in laser-treated aller-
gic mice the immunohistochemical stain for HO-1
and Nrf2 was markedly higher when compared to
the group control. LLLT in the control group ani-
mals showed no effect on HO-1 and Nrf2 expression
in lung tissue.

4. Discussion

In the present manuscript we observed that the laser
dose at the level of 9] produced in vivo, effect on
the eosinophils migration and the levels of leuko-
cytes-attractant chemokine’s, as well as the oxidative
stress balance. In order to avoid that accumulated
laser doses in a short time between the irradiations
would cause some deleterious effect on LLLT or
even eliminate its beneficial effect, herein the mice
were irradiated every 12 h during the sensitization
period until the last antigenic challenge.

Figure 9 LLLT on HO-1 and Nrf2 in lung: The changes in
HO-1 as well as in Nrf2 proteins among the groups (control,
allergic and laser-treated allergic) were assessed 48 h after
the last OV A challenge and they are illustrated herein. The
localization of HO-1 (A) and Nrf2 (B) in lung was deter-
mined by immunohistochemical technique in which the po-
sitive reaction for both the HO-1 and Nrf2 was visualized as
a brown stain. The laser irradiation dose was set at 9 J for
5 min after the sensitization period and to each 12 h during
48 h after the first OVA challenge.

There is currently no therapy able to heal the
symptoms of allergic asthma. Current therapies have
the ability to control the inflammatory process char-
acteristic of asthma, but the onset of immune activa-
tion against the antigen and the predisposition of in-
dividuals cannot be controlled [31]. The use of corti-
coids is the main therapy for asthmatic patients.
However, although corticosteroids are efficient if
used in high doses or for long periods of time they
present many side effects that increase the treatment
cost. Besides it, some patients have resistance to the
glucocorticoids therapeutic effects; therefore these
subjects need high doses of corticoids, resulting in an
increased risk of systemic side effects [32]. For pa-
tients with these problems there is an urgent need to
develop new anti-inflammatory therapies with immu-
nomodulatory activity to provide alternative ways
for treating asthma. LLLT is a promissory candidate
because it has some important characteristics such as
low cost and noninvasive irradiation for instance,
which permits the patient to be treated in the ambu-
latory without sedation; and mainly the absence of
side effects, even when used for a long period.

Regarding the leukocyte migration in allergic
mice, our results demonstrated that LLLT reduces
the number of mononuclear cells and neutrophils of
these animals, but the marked effect was seen when
the laser decreased the eosinophils number in
BALF. Recently, we demonstrated a beneficial ef-
fect of the laser treatment on leukocytes migration
in allergic mice lung [33]. However, in this occasion,
we focused on bronchial hyperreactivity and the
transcription factor STAT6 at a period of 24 hours
after the last challenge. Herein we focused on the
participation of eosinophils and eosinophils attrac-
tant chemokines as well as the oxidative stress. Our
results indicate that the laser effect on eosinophil mi-
gration is, at least, partially mediated by the de-
crease of the lung concentration of ICAM-1 in aller-
gic mice lung. In addition, LLLT drastically reduced
the levels of eosinophils- attractants chemokines
such as eotaxin, RANTES, CCL8 and CCL3. We
also demonstrated that the chemokines receptors,
CCRI1 and CCR3, in allergic mice lungs were also
attenuated by LLLT. Taking the results presented
into consideration, evidence show that LLLT inter-
feres on different steps of the inflammatory cascade,
and maybe it is very advantageous to use LLLT.

One of the most important results of this present
study was the laser effect in reducing the levels of
antibody IgE in serum of allergic animals. Some
authors have also shown that LLLT reduces the IgE
levels [34], but herein we demonstrated that LLLT
applied since the beginning of the sensitization until
the last antigenic challenge impairs the rise of IgE
levels in serum at a period of 48 hours after chal-
lenge. Even if there is fluctuation in IgE levels dur-
ing the time period before reaching the ends of
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48 hours, the LLLT seems to provide an environ-
ment with a moderate response of both the immune
system and the oxidative burst. It has been sug-
gested that allergic individuals treated with laser for
a long period can activate a milder immune re-
sponse when re-exposed to the antigen [23]. There-
fore, it is important to highlight that the idea of the
IgE levels reduction after laser does not mean to re-
duce the antigenic ability of asthmatic individuals;
on the contrary, the use of laser therapy is focused
on controlling the antigenic response exacerbation.
Naturally, LLLT efficiency on allergic asthma be-
comes higher if the laser maintains non- exacer-
bated levels of IgE in serum. Nevertheless, we can-
not affirm with the experiments herein presented
what the threshold dose capable of generating bene-
ficial effect is. Thus, the laser optimal dose and the
irradiation moment able to permit a significant aller-
gic inflammation reduction for a long time must be
investigated.

Some reports have evidenced the beneficial ef-
fects of LLLT on airway and lung diseases, in both
acute and chronic inflammatory processes [36-38].
Besides that, the mechanism of laser therapy in lung
allergic inflammation has not been fully elucidated.
In the present study, we evidenced that laser treat-
ment for a long period presented an anti-inflamma-
tory effect related to the eosinophils attractant che-
mokines and ROS inhibition.

The present study proposes that the photother-
apy action mechanism in allergic mice has driven not
only the downregulation of leukocytes attractant
chemokines, but also attenuated the ROS genera-
tion. In fact, herein we evidenced that LLLT benefi-
cial effect on allergic lung inflammation can be con-
trolled via activation of transcription factors respon-
sible for the generation of anti-oxidant mediators
with capability to restore the oxidative equilibrium
in stress status. We revealed for the first time that
laser treatment with one unique wavelength and the
same dosimetry is able to produce a dual effect on
oxidative stress in allergic lung, seen that LLLT
downregulated oxidant agents but also up regulated
antioxidant agents. Our results evidenced that the la-
ser effect in counterbalancing the oxidative metabo-
lism in allergic mice lung involves the participation
of both the HO-1 and the transcription factor Nrf2.

Some authors have shown that the treatment
with an iNOS inhibitor reduces eosinophil migration
to the lungs of allergic animals [40]. We have pre-
viously demonstrated that LLLT reduced the neu-
trophils migration at the same time that diminished
iNOS expression in lung of animals submitted to in-
testinal ischemia and reperfusion [41]. Our results
herein presented showed that LLLT reduces the
iNOS mRNA expression as well as the NOS activity.
Thereupon, the NO production in allergic mice
BALF was also decreased post laser treatment.

Thus, it is reasonable to suggest that in the present
manuscript, the LLLT effect on NO can influence
the eosinophils migration.

ROS also adds balance to the oxidative stress in
allergic asthma. In the present study, we demon-
strated that in laser-treated allergic mice lungs there
is a significant upregulation of SOD, GP, GR and
catalase activities. On the contrary, our results
showed that lipid peroxidation is elevated in chal-
lenged mice lungs due to the fact that TBARS con-
tent is increased, and that LLLT attenuates it.
Although some authors have highlighted the LLLT
potential role in protection against oxidative stress
[51] independently on the activities of intracellular
enzymatic ROS scavengers, such as SOD, GP and
catalase most studies indicate that the LLLT benefi-
cial effect on oxidative stress status depends on its
action on pro- and anti-oxidants agents [52-55].
Moreover, some authors showed LLLT protects the
oxidative stress-activated animal cells through
NADPH oxidase activity inhibition, thus showing
another mechanism by which the laser therapy is
able to reduce both the generation of OH- and the
lipid peroxidation [56].

In most cell systems, NADPH oxidase is an im-
portant source of ROS. NADPH oxidase activation
is mediated by translocation of the cytosolic subu-
nits, such as p47phox p67phox pa(phox and the GTPase
to the plasma membrane subunits, as for example
gp91rhox and gp22phox [57]. NADPH oxidase activa-
tion in lung results in superoxide anions increase,
which are toxic in allergic asthma [58]. Our results
showed that LLLT reduces the activity of NADPH
oxidase by the gp91rhex subunit decrease in allergic
mice lung. These results indicate that LLLT can act
directly on ROS secretion, but it also impairs the
NADPH oxidase activity. In addition, this finding re-
inforces the idea that LLLT in pathological condi-
tions acts controlling the exacerbated production of
ROS, and it results in beneficial effect.

Enzymes such as catalase, glutathione and SOD
are critical components of antioxidant response and,
for the most part, are constitutively expressed.
Among these inducible enzymes, HO-1 appears to
be the most strongly induced and highly regulated
[59]. Some authors have reported that a reduction of
oxidant stress associated with HO-1 upregulation in
animals challenged with OVA is closely related to a
reduction of inflammatory cells including eosino-
phils, neutrophils, and lymphocytes in lung [60]. Our
results in the present manuscript showed that both
the dose and the time irradiation used in LLLT in
OVA-challenged mice influenced the HO-1 activity
resulting in increasing values of this enzyme in lung
tissue, showing for the first time the cellular mechan-
ism by which the laser treatment presents an anti-in-
flammatory action via antioxidant enzymes in the al-
lergic lung inflammation.

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Some authors have also reported that HO-1 can
attenuate the cellular infiltration by interfering in
cell rolling, adhesion, and migration, probably by
downregulating the expression of adhesion mole-
cules on the endothelium [61, 62]. Regarding the
LLLT effect on adhesion molecules, our results
showed that ICAM-1 expression in challenged mice
lung was decreased after LLLT and at the same time
the laser treatment increased the HO-1 activity. De-
spite it, we did not investigate whether the LLLT ef-
fect on ICAM-1 expression can be modulated by
HO-1.

Among the transcription factors responsible for
synthesizing antioxidant enzymes with the goal of
compensating the ROS exacerbated secretion as well
as the activation of oxidant enzymes, the nuclear fac-
tor E2-related factor (Nrf2) takes up a prominent
position. It binds to common regulatory elements
termed “antioxidant response elements” (ARE) in
the regions of a wide range of antioxidant and de-
toxification genes triggering their activation, which
include the HO-1, NADPH, glutathione, SOD, and
catalase [65].

Our results demonstrated that the action mechan-
ism responsible for the LLLT beneficial effect on
oxidative stress in allergic lung inflammation has, as
one of its target, the transcription factor Nrf2 be-
cause the allergic mice treated with laser presented a
rise of Nrf2 expression in lung tissue. It means that
the beneficial effect of LLLT is truly linked to anti-
oxidant actions ranging from the reduction of pro-
oxidants enzymes until the up regulation of tran-
scription factor responsible for the generation of
antioxidant mediators. Ultimately, our results de-
monstrated that the cellular signaling required by
LLLT for attenuating both the eosinophil migration
and the eosinophils-chemoattractant chemokines le-
vels in allergic mice lung involves the upregulation
of antioxidant enzymes HO-1 through Nrf2 activa-
tion.

Finally, the present study argues the proposed
use of LLLT as a non-pharmacological therapeutic
tool that can be applied non-invasively for diseases
control that compromise the airway and lung. There-
fore, our results suggest that a lung inflammatory
condition attenuated by LLLT can reduce the fre-
quency of asthmatic crisis, an event where the bron-
chial hyperreactivity (bronchoconstriction) is very
significant becoming an emergency condition in
which LLLT has not been effectively quick. For this
reason, the idea is that phototherapy can work asso-
ciated to conventional therapy always with the goal
of finding a laser dosimetry able to minimize the
steroids dose chronically used. Further studies are
needed to investigate the effect of laser therapy as-
sociated with pharmacological therapy, especially
bronchodilators and corticosteroids.

References

[1] P.Burney, Ciba Found Symp 206, 111-118 (1997).

[2] W. W. Busse and R. F. Lemanske, N Engl J Med 344,
350-362 (2001).

[3] P.J.Barnes, Nature 402, 31-38 (1999).

[4] R.P. Vieira, R. C. Claudino, A. C. Duarte, A. B. San-
tos, A. Perini, H. C. Faria Neto, T. Mauad, M. A. Mar-
tins, M. Dolhnikoff, and C. R. Carvalho, Am J Respir
Crit Care Med 176, 871-877 (2007).

[S] H. H. A. Ferreira, E. Bevilacqua, S. M. Gagioti, I. M.
De Luca, R. C. Zanardo, C. E. Teixeira, P. Sanno-
miya, E. Antunes, and G. DeNucci, Nitric oxide mod-
ulates eosinophil infiltration in antigen-induced airway
inflammation in rats. Eur. J. Pharmacol. 358, 253-259
(1998).

[6] Q. Hamid and M. Tulic, Immunobiology of Asthma.
Annu. Rev. Physiol. 71, 489-507 (2009).

[7] J. D. Spahn, Asthma biomarkers in sputum. Immunol.
Allergy Clin. N. Am. 32, 387-399 (2012).

[8] L.R. Benetti, D. Campos, S. A. Gurgueira, A. E. Ver-
cesi, C. E. Guedes, K. L. Santos, J. L. Wallace, S. A.
Teixeira, J. Florenzano, S. K. Costa, M. N. Muscara,
and H. H. Ferreira, Hydrogen sulfide inhibits oxida-
tive stress in lungs from allergic mice in vivo. Eur J
Pharmacol. 698(1-3), 463-469 (2013).

[9] J. R. Velazquez and L. M. Teran, Clin Rev Allergy
Immunol 41, 76-88 (2011).

[10] M. D. Miller and M. S. Krangel, Crit Rev Immunol 12,
17-46 (1992).

[11] P. M. Murphy, Annu Rev Immunol 12, 593-633
(1994).

[12] M. Baggiolini, Nature 392, 565-568 (1998).

[13] T. J. Schall and K. B. Bacon, Curr Opin Immunol 6,
865-873 (1994).

[14] M. Baggiolini and C. A.Dahinden, Immunol To-
day 15, 127-133 (1994).

[15] D. D. Schléndorff, P. J. Nelson, B. Luckow, and B.
Banas, Kidney Int 51, 610-621 (1997).

[16] A. Komiya, H. Nagase, H. Yamada, T. Sekiya, M. Ya-
maguchi, Y. Sano, N. Hanai, A. Furuya, K. Ohta,
K. Matsushima, O. Yoshie, K. Yamamoto, and K. Hi-
rai, Cell Immunol 225, 91-100 (2003).

[17] S. Ying, D. S. Robinson, Q. Meng, J. Rottman,
R. Kennedy, D. J. Ringler, C. R.Mackay, B. L.
Daugherty, M. S. Springer, S. R. Durham, T. J. Wil-
liams, and A. B. Kay, Eur J Immunol 27, 3507-3516
(1997).

[18] P. Kirkham and I. Rahman, Pharmacol Ther 111, 476~
494 (2006).

[19] S. A. Combhair and S. C. Erzurum, Antioxid Redox
Signal 12, 93-124 (2010).

[20] J. A. Marwick, K. Ito, I. M. Adcock, and P. A. Kirk-
ham, Expert Opin Ther Targets 11, 745-755 (2007).

[21] R. Dworski, Thorax 55, 51-53 (2000).

[22] D. Hawkins and H. Abrahamse, Photomed Laser
Surg 24, 705-714 (2006).

[23] R. T. Chow, G. Z. Heller, and L. Barnsley, Pain 124,
201-210 (2006).

www.biophotonics-journal.org

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Journal of

14

PHOTONICS

J. L. C. Carvalho et al.: Anti-inflammatory and anti-oxidant effect of LLLT on allergic asthma

(24]
[25]
[26]
[27]
(28]

(29]

(30]

(31]

(32]

33]
(34]

3]

36]

(37]
(38]
[39]
[40]

[41]

[42]

[43]

[44]

E. P. Kashanskaia and A. A. Fedorov, Vopr Kurortol
Fizioter Lech Fiz Kult 2, 19-22 (2009).

A. V. Nikitin, I. E. Esaulenko, and O. L. Shatalova,
Vopr Kurortol Fizioter Lech Fiz Kult 6, 38-39 (2008).
N. A. Faradzheva, Probl Tuberk Bolezn Legk 8, 50-53
(2007).

N. S. Ostronosova, Ter Arkh 78, 41-44 (2006).

F. M. de Lima, A. B. Villaverde, R. Albertini, A. P. de
Oliveira, H. C. Faria Neto, and F. Aimbire, Photomed
Laser Surg 28, 763-771 (2010).

F. M. de Lima, R. Albertini, Y. Dantas, A. L. Maia-
Filho, C. L. de Santana, H. C. Castro-Faria-Neto, C.
Franca, A. B. Villaverde, and F. Aimbire, Photochem
Photobiol 89, 179-188 (2013).

N. H. Souza, P. T. Marcondes, R. Albertini, R. A.
Mesquita-Ferrari, K. P. Fernandes, and F. Aimbire, J
Photochem Photobiol B 130, 327-336 (2014).

F. M. de Lima, A. B. Villaverde, R. Albertini, J. C.
Corréa, R. L. Carvalho, E. Munin, T. Aragjo, J. A. Sil-
va, and F. Aimbire, Lasers Surg Med 43, 410-420
(2011).

F. Aimbire, F. V. Santos, R. Albertini, H. C. Castro-
Faria-Neto, J. Mittmann, and C. Pacheco-Soares, Int
Immunopharmacol 8, 603-605 (2008).

J. C. Virchow and P. J. Barnes, Semin Respir Crit
Care Med 33, 577-580 (2012).

R. Louis, F.Schleich, and P. J. Barnes, Clin Chest
Med 33, 531-541 (2012).

A. C. Chen, P. R. Arany, Y. Y. Huang, E. M. Tom-
kinson, S. K. Sharma, G. B. Kharkwal, T. Saleem,
D. Mooney, F. E. Yull, T. S. Blackwell, and M. R.
Hamblin, PLoS One 6, 1-8 (2011).

V. R. Silva, P. Marcondes, M. Silva, A. B. Villaverde,
H. C. Castro-Faria-Neto, R. P. Vieira, F. Aimbire,
and A. P. de Oliveira, Respir Physiol Neurobiol 1, 37—
48 (2014).

X. Y. Wang, W. J. Ma,and Y. X. Li, Lasers Med
Sci 29, 1043-1050 (2014).

M. Milojevi¢ and V. Kuruc, Med Pregl 56, 413-418
(2003).

M. Milojevi¢ and V. Kuruc, Vopr Kurortol Fizioter
Lech Fiz Kult 2, 19-22 (2009).

E. P. Kashanskaia and A. A. Fedorov, Eur J Pharma-
col 533, 240-252 (2006).

E. H. Pelaquini, L. A. de Guimaraes, L. R. Benetti,
L. G. Fernandes, W. M. Tamashiro, N. Conran, and
H. H. Ferreira, Int Immunopharmacol 11, 204-211
(2011).

F. M. de Lima, A. B. Villaverde, R. Albertini, J. C.
Corréa, R. L. Carvalho, E. Munin, T. Aratjo, J. A. Sil-
va, and F. Aimbire, Lasers Surg Med 43, 410420
(2011).

A. Simoes, E.Ganzerla, P. M. Yamaguti, C. E. de
Paula, and J. Nicolau, Lasers Med Sci 24, 591-596,
(2009).

R. R. Arora and A. K. Sinha, Am Heart J 125, 357-
362 (1993).

[45]

[46]

[47]

[62]

[63]

V. G. Artyukhov, O. V. Basharina, A. A. Pantak, and
L. S. Bull, Exp Biol Med 129, 537-540 (2000).

J. Lim, R. A. Sanders, A. C. Snyder, J. T. Eells, D. S.
Henshel, and J. B. Watkins, J Photochem Photobiol
B 99, 105-110 (2010).

R. V. Gongalves, R. D. Novaes, M. C. do Cupertino,
B. Moraes, J. P. Leite, M. C. do Peluzio, M. V. Pinto,
and S. L. da Matta, Lasers Med Sci 28, 383-390
(2013).

N. A. Faradzheva, Probl Tuberk 3, 62-64 (2001).

B. M. Baroni, E. C. Leal Junior, T. De Marchi, A. L.
Lopes, M. Salvador, and M. A. Silva, Eur J Appl Phy-
siol 110, 789-796 (2010).

C. Ferraresi, M. R. Hamblin, and N. A. Parizotto,
Photonics Lasers Med 1, 267-286 (2012).

P. C. Silveira, P. C. Silva, L. A. Silva, C. A. Pinho,
P. S. De Souza, M. M. Ronsani, D. da Scheffer, and
R. A. Pinho, Lasers Med Sci 28, 431-436 (2013).

W. Lim, J. Kim, C. Lim, S. Kim, S. Jeon, S. Karna,
M. Cho, H. Choi, and O. Kim, Photomed Laser Surg
30, 451-359 (2012).

E. T. Firat, A. Dag, A. Giinay, B. Kaya, M. I. Kara-
dede, B. Ersoz, B. Kanay, A. Ketani, O. Evliyaoglu,
and E. Uysal, J Oral Pathol Med 43, 103-110 (2014).
L. Assis, A. I. Moretti, T. B. Abrahao, V. Cury, H. P.
Souza, M. R. Hamblin, and N. A. Parizotto, Lasers
Surg Med 44, 726-735 (2012).

Y. Y. Huang, K. Nagata, C. E. Tedford, T. McCarthy,
and M. R. Hamblin, J Biophotonics 6, 829-838 (2013).
N. M. Burduli and S. K. Gutnova, Vopr Kurortol Fi-
zioter Lech Fiz Kult 1, 17-19 (2009).

X. Yang, S. Askarova, W. Sheng, J. K. Chen, A. Y.
Sun, and G. Y.Sun, G. Yao, and J. C. Lee, Neu-
roscience 171, 859-868 (2010).

Y. Groemping and K. Rittinger, Biochem J 386, 401—
416 (2005).

E. R. Banerjee and W. R. Henderson, Allergy Asth-
ma Clin Immunol 9, 6-10 (2013).

P. A. Dennery, H. E. Wong, K. J. Sridhar, P. A. Rod-
gers, J. E. Sim, and D. R. Spitz, Am J Physiol 271,
672-679 (1996).

C. G. Uasuf, A. Jatakanon, A. James, S. A. Kharito-
nov, N. M. Wilson, and P. J. Barnes, J Pediatr 135,
569-574 (1999).

T. Kodama, K. Kuribayashi, D. Thaku, M. Fujita, and
T. Matsuyama, Clin Exp Allergy 31 1470-1477
(2001).

S. Lim, D. Groneberg, A. Fischer, T. Oates, G. Cara-
mori, W. Mattos, 1. Adcock, P. J. Barnes, and K. F.
Chung, Am J Respir Crit Care Med 162, 1912-1918
(2000).

M. A. Riedl and A. E. Nel, Curr Opin Allergy Clin
Immunol 8, 49-56 (2008).

C. Michaeloudes, P. J. Chang, M. Petrou, and K. F.
Chung, Am J Respir Crit Care Med 184, 894-903
(2011).

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.biophotonics-journal.org



