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Abstract:

Introduction: Intestinal ischemia and reperfusion (i-I/R) is an insult associated with acute
respiratory distress syndrome (ARDS). Herein we evaluate the dose-response effect of low-level
laser therapy (LLLT) on lung inflammation induced by i-I/R.

Methods: Mice were subjected to mesenteric artery occlusion (45 min) and killed after clamp
release and intestinal reperfusion (2h). Increasing doses (1, 3, 5 and 7,5 J/cm?) of laser irradiation
(660 nm) was carried out on the mice skin over the upper bronchus for 5 min after initiating
reperfusion. Neutrophils activation was determined by myeloperoxidase (MPO) activity. The
mRNA expression and protein concentration of inflammatory mediators IL-1p, IL-6, TNF and
IL-10 in lung were measured by RT-PCR and ELISA, respectively.

Results: With exception of 1J/cm?, LLLT reduced MPO activity as well as IL-1B levels in
the lungs from inflamed mice. LLLT was also markedly effective in reducing both IL-6 and
TNF expression and levels in the lungs from mice submitted to i-I/R in all laser doses studied.
Otherwise, LLLT significantly increased the protein levels of IL-10 in inflamed mice by i-I/R;
however only in the dose of 1J/cm?.

Conclusion: We conclude that the LLLT is able to control the neutrophils activation and pro-
inflammatory cytokines release into the lungs in a model of i-I/R in mice.
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beyond to present a high prevalence of pulmonary effects,

Introduction . . .
a fact that may indicate a causal link between mediators
Intestinal ischemia/reperfusion (i-I/R) is associated released during systemic inflammation and the pulmonary
with induction of systemic inflammatory response, dysfunction in acute respiratory distress syndrome
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(ARDS) . It was shown that neutrophil-endothelial
cell adhesion with consequent neutrophil accumulation
and increasing in vascular permeability might be a rate-
limiting step in the pathogenesis of lung injury induced
by intestinal ischemia/reperfusion (i-I/R) 23,

There is a marked intestinal and lung inflammation
characterized by increased vascular permeability,
neutrophil influx into the tissues with exacerbated pro-
inflammatory cytokines production. These inflammatory
events are accompanied by a high lethality, which is
remarkably associated with the elevated concentration
of TNF and IL-1B *3. Several studies have shown the
ability of IL-1p for inducing the production of TNF beside
cooperates with TNF effects during acute and chronic
inflammation 7. Moreover, some authors showed that
IL-1p has a pivotal role in the inflammatory lesions
following i-I/R®°. Souza et al. showed that neutralization
and/or antagonism of IL-1J were associated with a
marked prevention of the reperfusion injury as well as
induction of IL-10 anti-inflammatory cytokine '°. Some
authors have demonstrated that IL-10 attenuates the
pro-inflammatory cytokine production and tissue injury
following ischemia and reperfusion injury °.

Low-level laser therapy (LLLT) has been used for
the treatment of several inflammatory pathologies 12
as well as in experimental models of acute and chronic
inflammation !>!'*. Some reports have referred that laser
therapy can interfere positively in order to relieve the
clinical signals and the late and early symptoms of lung
inflammation !>'°, Some authors are focused in which
cellular signalling is responsible for the anti-inflammatory
effects of LLLT in lung and airways disorders. Mafra de
Lima et al. showed that laser irradiation reduces both the
cholinergic hyper-reactivity and B,-adrenoceptor hypo-
responsiveness induced by TNF!7, In another study, we
showed that LLLT acts as cAMP-elevating agent similarly
to PDE inhibitor (rolipram) in a model of ARDS in rats '8.

Regarding the i-I/R model of ARDS, we have found
a dual effect of LLLT on the acute lung inflammation
with marked drop of IL-1 level at the same time of
increasing in the IL-10 concentration!®. Furthermore, we
also demonstrated that LLLT restores the oxidative stress
balance in acute lung injury induced by gut ischemia
and reperfusion '%.

Since that several studies demonstrate that LLLT
presents beneficial effects in clinical trials for treatment
of allergic lung disease as well as in experimental model
of acute lung inflammation, and considering the lack
of studies investigating the effects of different doses of
laser in lung diseases, the present study was designed to

investigate the effects of 1, 3, 5 and 7,5 J/cm? of 660nm
laser on the lung inflammatory response in a model of
ARDS induced by intestinal ischemia and reperfusion
in mice.

Methods

Animals

C57/B16 mice (n=28 animals) were randomly allocated
into 4 groups. All animal care was in accordance with
the guidelines of the Nove de Julho University for
animal care. The experiments were carried out on
female mouse weighting 20-22 g each, maintained under
standard conditions of temperature (22-25°C), relative
humidity (40-60%) and light/dark cycle with access to
food and water ad libitum. The animals were provided
by the Central Animal House of the Nove de Julho
University. All mice were placed in a common box and
divided randomly into 4 groups of seven animals (n=7)
each.

Intestinal Ischemia/Reperfusion (I-I/R) Mouse
Model

Mice were pre-anaesthetized with acepromazine (0.1
mg.kg™!) and anesthetized with chloridrate of zolazepam
(0.1 mg.kg™") + Tiletamine Chloridrate (0.1 mg.kg™).
Laparotomy was done under anaesthesia and then the
mice were submitted to occlusion of superior mesenteric
artery with a microsurgical clip (Vascu-statt no 1001-531;
Scalan International, St. Paul, MN, USA) during 45 min,
as described by Cavriani et al.3 After the occlusion period,
the clip was removed and the intestinal perfusion was
re-established. The animals were sacrificed under deep
anaesthesia 2 hours after reperfusion by exsanguination
via abdominal aorta.

Laser Irradiation

A 660 nm laser diode (MM Optics, CW diode laser,
Sdo Carlos, SP) with an output power of 30 mW and
0.08 cm? of spot size was employed. The optical power
was calibrated utilizing a Newport Multifunction Optical
Meter model 1835C. The stability of laser during the laser
irradiation was measured collecting light with a partially
reflecting surface (4%).The dose of laser irradiation was
(1, 3, 5, 7.5 J/em?), applied punctually at half an hour
after the beginning of reperfusion. All animals received
laser punctually on the skin in direction of the bronchus.
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Lung Myeloperoxidase (MPO) Activity

MPO was measured as an index of the neutrophils’
presence and activation. Lung tissue samples were
obtained from mice euthanized 2 hours after intestinal
reperfusion. The lungs were perfused using phosphate-
buffered saline (PBS) containing 5 IU/mL heparin,
pH 7.0. . Briefly, to normalize the pulmonary MPO
activity among the groups, the whole lungs was
homogenized with 3 mL/g PBS containing 0.5 % of
hexadecyltrimethylammonium bromide and 5 mM EDTA,
pH 6.0. The homogenized samples were sonicated (Vibra
Cell, Sonics Materials, Newtown, CT) for 1 min and were
then centrifuged at 37,000 g for 15 min. Samples of lung
homogenates (20uL) were incubated for 15 min with
H,0, and ortodianisidine; the reaction was stopped by the
addition of 1% NaNO,. Absorbance was determined at
460 nm using a microplate reader (Bio-Tek Instruments,
Synergy™ H4, Winooski, VT).

Lung Tissue Sampling And Processing
Mediators

After performing the bronchoalveolar lavage (BAL),
the thoracic cavity was exposed and, the heart and lung
were removed in bloc. The two major lung lobes were
dissected, and the pulmonary vasculature of the lobes
was perfused with ice-cold sterile phosphate buffer
solution (PBS), using a peristaltic pump (Sellex, USA),
aiming to remove the blood poll of cells. Then, lobes
were cut into 5-mm pieces using a tissue chopper,
flash frozen in liquid nitrogen and stored at -80°C for
cytokines (IL-1p, IL-6, IL-10 and TNF) analysis through
Enzyme Linked Immuno Sorbent Assay (ELISA), by
using commercial ELISA kits from BD Biosciences,
according to the manufacturer’ recommendations.. The
detection limit of these assays was found to be in the
range of 1-5 pg.ml!. For lung tissue, cytokine levels
were further corrected for protein content using the
assay of Lowry. The protein data in lung tissue were
expressed as pg.mg.

Messenger RNA (mRNA) Expression of
Pro-Inflammatory and Anti-Inflammatory
Mediators

At the final of reperfusion, the thoracic cavity
of mice was exposed and, the heart and lung were
removed in bloc. The pulmonary artery was cannulated
and then the pulmonary vasculature was perfused

with ice-cold sterile phosphate buffer solution (PBS)
using a peristaltic pump (Thermo Fisher Scientific,
Suwannee, GA) to remove the intravascular blood.
Lung fragments were cut into 5-mm pieces using a
tissue chopper, flash frozen in liquid nitrogen and
stored at -80°C for Real Time-PCR (RT-PCR) analysis.
For that, lung total RNA was isolated using TRIzol
reagent (GibcoBRL, Gaithersburg, MD), according to
the manufacturer’s protocol. RNA was subjected to
DNase I digestion, followed by reverse transcription
to cDNA. PCR was performed in a 7000 Sequence
Detection System (ABI Prism, Applied Biosystems,
Foster City, CA) using the SYBRGreencore reaction
kit (Applied Biosystems). Primers used for IL-1f, IL-6,
TNF and IL-10 mRNA quantification were IL-1p 195-
305 (GenBank™accession number X66539) forward
primer 5’-CTGGTTGGGAACAAGAAGGA-3’ and
reverse primer 5>-CAAAAACCTCCCTCACTCCA-3’
(GenBank™accession number D00475), IL-6 532-610
(GenBank™ accession number E02522) forward primer
5’-TCCTACCCCAACTTCCAATGCTC-3’ and reverse
primer 5°- TTGGATGGTCTTGGTCCTTAGCC -3’
(GenBank™ accession number M26745), TNF forward
5’-AAATGGGCTCCCTCTATCAGTTC-3’ and reverse
primer 5’-TCTGCTTGGTGGTTTGCTACGAC-3’
(GenBankTM accession number DO00475), IL-10
forward primer 5°- TGACAATAACTGCACCCACTT-3"
and reverse primer 5’ TCATTCATGGCCTTGTAGACA
(GenBank™ accession number NW036214) and GAPDH
primer 3474-3570 (GenBank™ accession number
J00691)5’-AAGTCCCTCACCCCTCCCAAAAG-3’and
primer reverse 5°’- TCTGCTTGGTGGTTTGCTACGAC
-3’ (GenBank™ accession number V01217) were used
as control. Quantitative values for IL-1p, IL-6, TNF,
IL-10 and GAPDH mRNA transcription were obtained
from the threshold cycle number, where the increase in
the signal growth of PCR products begins to be detected.
Melting curves were generated at the end of every run
to ensure product uniformity. The relative target gene
expression level was normalized on the basis of GAPDH
expression as endogenous RNA control. AC, values of
the samples were determined by subtracting the average
C, value of IL-1P, IL-6, TNF and IL-10 mRNA from
the average C, value of the internal control GAPDH.
Since it is uncommon to use AC, as a relative data due
to the logarithmic characteristic, the 24t parameter
was used to express the relative expression data.
Results are expressed as a ratio relative to the sum of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
transcript level as internal control.
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Statistical Analysis

Statistical differences were evaluated by analysis
of variance (ANOVA) and Tukey-Kramer Multiple
Comparisons Test to determine differences between
groups. The results were considered significant when
p<0.05.

Results

LLLT on Myeloperoxidase Activity

The Figure 1 illustrates neutrophils activation
measured through MPO activity in the lungs for all mice
of all experimental groups. It shows that i-I/R induces a
marked increase in MPO content in lung homogenates
in comparison with mice from basal group. Except for
the dose of 1J/cm?, the rise in lung MPO activity was
significantly attenuated after laser therapy at doses of
3, 5 and 7.5 J/cm?. Of note, laser irradiation on basal
group did not affect MPO activity when compared with
basal group non-irradiated.

LLLT on Pro- and Anti- Inflammatory
Mediators

The Figure 2 shows the gene activation (2A, 2C,
2E) and protein concentration (2B, 2D, 2F, 2G) of pro-
inflammatory mediators IL-1p, IL-6 and TNF as well as
the anti-inflammatory mediator IL-10 in lung homogenate
by assessing mRNA expression and ELISA technique,
respectively. As shown in Figure 2 there was a marked
increase in mRNA expression as well as in protein level
of all inflammatory mediators studied in response to

15+ | { | |
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MPO activity (460 nm)

— laser I — 1 3 5 7.5
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Figure 1. Effect of LLLT on MPO Content in Lung Tissue after i-I/R.
Mice were treated with laser 1 hour after the beginning of i-I/R. MPO
activity was measured in lung homogenates 2 hours after i-I/R to
identify the neutrophils recruitment. Data expressed as mean+SEM
of 7 animals. The significant results when P<0.05.

i-I/R in comparison with basal group. Otherwise, the
LLLT reduced both the mRNA expression and the
protein concentration of pro-inflammatory mediators in
doses of 3, 5 and 7.5 J/cm? evaluated 2 h after initial of
reperfusion. Except for the dose of 1 J/cm?, the LLLT
was not effective in reducing the IL-1p protein level
in lung from mice submitted to i-I/R. On the contrary,
the dose of 1 J/cm? provoked a profound reduction in
mRNA expression for IL-1B. The laser effect on the
IL-1B mRNA expression in lung from inflamed mice
presented a dose-dependent response. Regarding to anti-
inflammatory protein IL-10, the Figures 2G illustrate that
the i-I/R provoked a significant increase in IL-10 protein
level in lung of mice from i-I/R group when compared
with basal group. The Figure 2G represent also a LLLT
dual effect on IL-10 since that the dose of 1 J/cm? caused
a significant rise of IL-10 higher than levels found in
mice subjected to i-I/R; Otherwise, 7.5 J/cm? reduced
the IL-10 concentration when compared with mice from
i-I/R group. It is observed that laser irradiation on basal
group did not affect mRNA expression neither the protein
concentration of pro- and anti- inflammatory mediators
when compared with basal group.

Discussion

The present study reports by the first time the effects
of different doses of LLLT on pulmonary inflammation
in an ARDS model induced by intestinal I/R in mice.
Once again, we showed the anti-inflammatory effects
of laser applied only for few minutes in a non-invasive
manner modulating neutrophils activation and the pro-
and anti- inflammatory cytokines expression in the lungs.

Some authors have reported the laser therapy presents
beneficial effects for the treatment of asthmatic patients
22 pleurisy %, chronic bronchitis 24, tuberculosis 2.
Some authors have evidenced that LLLT acts on the
bronchial hyperreactivity and on the lung inflammation
by a cellular mechanism that involved the reduction of
cellular migration as well as the release of inflammatory
mediators through activation of transcription factors, as
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB), for instance 2617:27:1%:18,

In the present study, our results showed that after i-I/R
there was a significant augment of neutrophils influx into
the lung tissue since the MPO activity was increased, and
that LLLT significantly reduced the MPO activity. These
results evidenced the participation of neutrophils and their
role in the development of i-I/R, which is in agreement
with Souza et al.?®. According to Soares et al, Toll-like
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receptors (TLRs), notably TLR 2/4, play a critical role
for induction of neutrophils recruitment into the lungs
as observed by increased lung MPO activity?'. However,
in the present study the expression of TLR 2/4 was not
investigated and will be the goal for further studies.

In our study we used a 660 nm laser at doses of 1,
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Figure 2. Effect of LLLT on pro-inflammatory and anti-inflammatory
mediator expression and protein in mice lung. Mice were treated
with laser 30 minutes after initial of reperfusion. A representative
RT-PCR analysis showing IL-1f, IL-6, TNF and IL-10 together with
housekeeping expression GAPDH were used as internal control. The
content of IL-1f, IL-6, TNF and IL-10 protein in lung was measured
by ELISA technique. Inflammatory mediators mRNA expression and
protein were measured 2 hours post i-I/R. Data were expressed as
mean+SEM of seven animals. The results were considered significant
when P<0.05.

3,5 and 7.5 J/em?. The goal was to observe which dose
would have a better response against inflammation, as
demonstrated through the evaluation of the influx of
neutrophils, cytokines levels and mRNA expression.
We observed that in general, 660 nm LLLT presented
beneficial effects with most doses, but especially at doses
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(3, 5, and 7.5 J/cm?), although in some situations the
lowest and the highest dose were not effective to inhibit
the inflammatory mediators. On the contrary, we observe
that only the dose of 1J/cm? was effective to increased
IL-10 levels and mRNA expression in i-I/R group.

A depiction from Arndt Schulz model illustrates a
possible dose “sweet spot” at the target tissue. This law
suggests that insufficient power density or too short time
exposition will result in no effect on the pathological
process and, that too much power density and / or long
time exposition may have inhibitory effects, requiring
studies aiming to obtain the best time and dose for the
different organs, tissues and pathologies.

In experimental model of oral mucositis in hamsters
treated using 660-nm laser at two different irradiances
(55 mW/cm? during 16 seconds per point or 155 mW/
cm? during 6 seconds per point) 2%, the authors reported
reduced severity of clinical mucositis and lower
expression of COX-2 for 55 mW/cm? group, while for155
mW/cm? group, no beneficial effects was observed. In
another condition, other authors compared the effects of
delivering 5 J/cm? of 670-nm laser at different power
densities on wound tensile strength in a rat model. They
found that 670 nm laser achieved a significant effect
using 4mW/cm? applied for 20 min but that this effect
was lost if the same 5 J/cm? fluence was delivered at 15
mW/cm? for 5 min .

Based on i-I/R-acute lung inflammation, we have
previously demonstrated that LLLT reduces the protein
concentration of TNF in lung homogenates. This indicates
that LLLT is truly efficient in reducing this powerful
pro-inflammatory cytokine . In the present study we
observed that TNF at mRNA expression and / or protein
levels was increased after i-I/R and that LLLT was
effective in reducing its expression and levels. Following
prolonged (120-min) ischemia of the vascular territory
irrigated by the superior mesenteric artery, there is a
marked pro-inflammatory cytokine production. These
inflammatory events are accompanied by a high degree
of lethality, which is remarkably associated with the
serum concentration of TNF 3.

Regarding the effects of LLLT on IL-1p induced by
i-I/R, in the present study we evidenced that LLLT reduced
the protein concentration of IL-1f in lung homogenates
in doses of 3, 5 and 7.5 J/cm? when compared with i-I/R
group. Was also observed that the most effective dose
reducing IL-1p was 7.5 J/cm?. Related to expression
of IL-1p mRNA, we observed that LLLT reduced IL-
1B mRNA in all doses studies. In fact, some authors
have demonstrated that IL-1p plays a central role in the

cascade of events leading to TNF production and TNF
mediated injury-I/R. To this end, two strategies were
used to block the action of IL-1P, neutralization of the
protein using anti-IL-1 antiserum and administration
of IL-1ra, a natural antagonist of IL-1 5. The results
have shown that both strategies were associated with an
overall enhancement of tissue injury, pro-inflammatory
cytokine expression, and lethality, suggesting a pivotal
role for IL-1p in models of i-I/R. Indeed, IL-1f has been
implicated in the expression of cell adhesion molecules
and neutrophil influx following ischemia and reperfusion
injury %7, reinforcing its role in inflammatory processes
Concerning the effects of IL-6 in models of i-I/R, some
authors have shown that the levels of IL-6 are extremely
elevated following i-I/R injury, pointing out the value
of IL-6 on the pathophysiology of i-I/R-induced ARDS
2. The profile of circulating levels of IL-6 has been
considered as a marker of severity of gastrointestinal
inflammatory trauma 3'. In addition, serum levels of IL-6
and IL-10 were reported as biomarkers of mortality of
patients upon pneumonia after hospital discharge 32. IL-6
is one of the most important mediators of fever and in
ARDS high plasma and BALF levels are predictive of
poor outcomes of the disease. Though IL-6 can activates
both pro and anti-inflammatory pathways, while in early
phase of ARDS IL-6 is correlated with a pro-inflammatory
profile with increased levels seen in response to LPS
and i-I/R 3. Herein, we showed that the treatment with
laser irradiation was effective to reduce the IL-6 protein
concentration as well as the mRNA expression in lung
homogenates in all doses studied (1, 3, 5 and 7.5 J/cm?),
while the most effective dose was 3 and 5 J/em?.
IL-10 is an anti-inflammatory cytokine 3* 33 that inhibits
the release of pro-inflammatory cytokines (IL-6, IL-1
and TNF) from monocytes/macrophages, thus preventing
subsequent tissue damage 2%, These findings highlighted
the potential importance of the imbalance between pro-
inflammatory and anti-inflammatory cytokines in acute
lung inflammation, which is corroborated by the ratio
of IL-10 and TNF in the lung. Our results showed that
LLLT significantly induced an increased in the expression
and in the levels of IL-10 in animals subjected to i-I/R,
reinforcing its anti-inflammatory role. These results are
in agreement with those reported by Souza and Teixeira
that evidenced that LLLT increases the levels of IL-10 in
animals submitted to severe i-I/R 37. Other authors reported
also that LLLT acts as anti-inflammatory mediator by
reducing the classical features of tendinitis by increasing
the IL-10 concentration in inflamed tissue '*. These
results are interesting due to the fact that, as previously
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reported herein, the presence of TNF in conditions of
inflammation leads to an increase of IL-10. Moreover,
most of the studies using animal models recognize that
the rise of TNF is ordinarily accompanied by increasing
of IL-10 3%, Our results corroborates with these authors,
since it was observed that TNF as well as IL-10 increased
4 h after reperfusion. This concomitant increase in TNF
and IL-10 is accredited to be a counterbalancing effect
of the system aiming to inhibit the deleterious effect of
TNF. Therefore, our results support the beneficial effect
of LLLT in i-I/R injury accounting the participation of
IL-10, at least as part of the mechanisms involved.

Finally, our results evidenced that LLLT control the
acute lung inflammation by reducing the neutrophils
activation as well as the generation of pro-inflammatory
mediators. Moreover we showed that LLLT has protective
effect on lung inflammation via increase of IL-10.
Therefore, the LLLT attenuates the i-I/R-induced acute
lung inflammation by modulating the release of pro-
and anti-inflammatory cytokines. In addition, the present
study demonstrated for the first time that several LLLT
doses may be effective to reduce i-I/R-induced acute
lung inflammation.
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