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Abstract

We are currently facing a pandemic that continuously causes high death rates and has negative economic and psychosocial
impacts. Therefore, this period requires a quick search for viable procedures that can allow us to use safe and non-invasive
clinical tools as prophylactic or even adjuvant methods in the treatment of COVID-19. Some evidence shows that photo-
biomodulation therapy (PBMT) can attenuate the inflammatory response and reduce respiratory disorders similar to acute
lung injury (ALI), complications associated with infections, such as the one caused by the new Coronavirus (SARS-CoV-2).
Hence, the aim of the present study was to evaluate the influence of PBMT (infrared low-level laser therapy) on the treat-
ment of ALI, one of the main critical complications of COVID-19 infection, in an experimental model in rats. Twenty-four
male Wistar rats were randomly allocated to three experimental groups (n=38): control group (CG), controlled ALI (ALI),
and acute lung injury and PBM (ALIP). For treatment, a laser equipment was used (808 nm; 30 mw; 1.68 J) applied at three
sites (anterior region of the trachea and in the ventral regions of the thorax, bilaterally) in the period of 1 and 24 h after
induction of ALI. For treatment evaluation, descriptive histopathological analysis, lung injury score, analysis of the number
of inflammatory cells, and expression of interleukin 1 p (IL-18) were performed. In the results, it was possible to observe
that the treatment with PBMT reduced inflammatory infiltrates, thickening of the alveolar septum, and lung injury score
when compared to the ALI group. In addition, PBMT showed lower immunoexpression of IL-1p. Therefore, based on the
results observed in the present study, it can be concluded that treatment with PBMT (infrared low-level laser therapy) was
able to induce an adequate tissue response capable of modulating the signs of inflammatory process in ALI, one of the main
complications of COVID-19.
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Introduction Coronavirus Disease 2019 (COVID-19), has become a

worldwide public health issue due to its serious health con-

Currently, with more than 219 million confirmed cases and
more than 4.54 million deaths across the world [1], the new
Coronavirus (named by Severe Acute Respiratory Syndrome
Coronavirus 2 — SARS-CoV-2), the etiological agent of
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sequences for infected individuals and the negative psycho-
social and economic impacts related to COVID-19 [2].

SARS-CoV-2 primarily targets the respiratory system,
which can cause health problems with mild symptoms in
the upper respiratory tract, even severe respiratory syndrome
or death [3]. Initial reports pointed out that acute respiratory
disorder was the leading cause of death from coronavirus in
China, with acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) being some of the critical com-
plications of COVID-19 infection [4].

Overall, ALI/ARDS are characterized by the occurrence
of lung tissue damage, followed by rapid onset of respira-
tory failure in individuals affected by the disease [4-7]. In
ALI/ARDS, it is possible to verify diffuse alveolar damage
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(DAD), which is identified mainly by the presence of intra-
alveolar exudate (represented by the formation of hyaline
membrane—mixture of protein exudate, surfactant, and
cellular debris) [8—10]. In addition to hyaline membrane,
other pathological markers for DAD include the presence
of inflammation, hemorrhage, and damage to alveolar epi-
thelial cells (type I and II pneumocytes) [8].

In DAD, there is a migration of inflammatory cells to
the lung tissue, predominantly represented by neutrophils.
Excessive and/or prolonged activation of these cells con-
tributes to the destruction of the basement membrane and
increase in permeability of the alveolar-capillary barrier,
resulting in interstitial and alveolar edema [7, 11, 12].
Neutrophils release several pro-inflammatory mediators,
such as tumor necrosis factor type o (TNF-a) and interleu-
kins (IL) IL-1 B, IL-6, and IL-8, which act to intensify the
inflammatory response, promoting chemotaxis, and acti-
vation of new inflammatory cells and releasing oxidants,
proteases, leukotrienes, and other pro-inflammatory mol-
ecules that contribute to pulmonary parenchymal damage
[13]. The inflammatory process, once installed, leads to
the death of pneumocytes and inactivation of surfactants,
decreasing lung compliance and contributing to the devel-
opment of respiratory failure [11].

Since the restoration of normal pulmonary function is
based on the reduction of edema, clearance of inflamma-
tory cells, and repair of the alveolar barrier, conventional
treatments for ALI/ARDS such as low volume mechanical
ventilation, prone position, and extracorporeal membrane
oxygenation, in addition to several pharmacological strat-
egies, are necessary, but they are not effective enough to
restore normal lung function [11]. Thereby, innovative
therapies need to be developed in order to complement
these conventional treatments, aiming mainly to attenuate
the inflammatory process and stimulate the mechanisms
of lung parenchyma repair.

Among the resources studied, photobiomodulation ther-
apy (PBMT) with low-intensity laser and light-emitting
diodes (LEDs), has been identified as a promising tool
for the treatment of inflammatory lung diseases [14-21].
The effects of PBMT are based on the absorption of light
photons by cytochrome ¢ oxidase in cell mitochondria,
causing a photochemical cascade stimulus that increases
the production of reactive oxygen species (ROS), adeno-
sine triphosphate (ATP), and induction of factors of tran-
scription, responsible for regulating the cell cycle, pro-
tein synthesis, and important enzymes [21]. Experimental
data showed that PBMT with low-intensity laser (mainly
with red spectrum light) is able to reduce airway edema,
pulmonary inflammation, acute respiratory disorders, pul-
monary fibrosis, and other respiratory complications, by
decreasing the migration of neutrophils to the lung tissue
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and reducing the synthesis of pro-inflammatory cytokines
(IL-1B, IL-6, TNF-a) and collagen deposition [14, 22-26].
According to the results found, low-level laser is consid-
ered a promising strategy for the treatment of ALI/ARDS,
which represents a major advance for public health in the
current world scenario, since ALI/ARDS is one of the main
complications caused by COVID-19 infection [4, 21].
Although there are studies showing the positive effect of
PBMT on pulmonary changes, there is a lack of studies in
the literature investigating the effect of this resource, espe-
cially with the use of light in the infrared spectrum, in the
treatment of pulmonary disorders such as ALI. Thereby, it
raised the hypothesis that PBMT with infrared laser could
modulate the resolution of the inflammatory process and
favor the reestablishment of pulmonary homeostasis, con-
stituting an appropriate and effective treatment to be used in
clinical practice. Thus, the objective of the present study was
to evaluate the influence of PBMT, at infrared wavelength, in
an experimental rat model of ALI, focusing on histopatho-
logical analysis and secretion of inflammatory cytokines.

Methods
Experimental design

Adult male Wistar rats (Rattus norvegicus), weigh-
ing+272 g, 6 weeks old were used in the present study.
Animals were placed in plastic cages with sawdust bedding,
with one animal per cage and were allowed to move freely
in the cages with free access to commercial food and water.
The room had a 12-h dark/light cycle and a controlled tem-
perature (24 +2 °C). The present study was approved by
the Animal Care Committee guidelines at the Universidade
Brasil (protocol 2,000,090), and it was conducted according
to the Guiding Principles for the Use of Laboratory Animals.

Twenty-four rats were randomly divided into 3 groups
(n=238 per group): control group (CG): animals without any
intervention; control acute lung injury (ALI): acute lung
injured animals without treatment; and acute lung injury and
PBM (ALIP): acute lung injured animals treated with PBM.

Acute lung injury experimental model

Acute lung injury was produced by cecal ligation and
puncture (CLP) as previously described °. For the surgi-
cal procedure, rats received intra-peritoneal anesthesia with
40 mg/kg ketamine (Dopalen, Vetbrands, Sdo Paulo, Brazil)
and 20 mg/kg xylazine (Anasedan, Vetbrands, Sdo Paulo,
Brazil). The surgical area was shaved, then sterilized and
draped in sterile fashion. Afterwards, a midline laparotomy
was performed, and the cecum was ligated at its base and
punctured twice with a 22-gauge (0.7176 mm) needle. The
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cecum was then returned to the peritoneal cavity and mus-
cles, and skin were sutured. Animals were resuscitated with
10 ml of 0.9% sterile saline solution administered subcuta-
neously and were housed in single plastic cages and were
given appropriate postoperative care. In order to minimize
post-operative discomfort, the animals received analgesia
(0.2 mg/kg buprenorfiine — Temgesic; Reckitt Benckiest
Healt Care Ltd. Schering-Plow, Hoddesdon, UK) directly
after the operation and subcutaneously for two days after
surgery.

PBMT protocol

A gallium-aluminum-arsenide (GaAlAs) diode laser (Photon
Laser II, DMC® equipment Ltda, SP, Sao Carlos, Brazil)
was used in the following parameters: continuous irradia-
tion mode, 808 nm wavelength, 30 mW power output, 56 s
irradiation time, 0.028 cm? spot area, dose 60 J/em?, irradi-
ance 1.07 W/ecm?, and 1.68 J total energy per point/section.
The laser irradiation was performed daily for two consecu-
tive days, starting immediately after the surgery (2 sessions)
at 3 points: anterior region of the trachea and on ventral
regions of the chest bilaterally (just below the ribs), through
the punctual contact technique.

Three days after surgery, all animals were euthanized
individually by anesthesic overdose (twofold anesthesic
dose) and the lung of each animal was removed for analysis.

Histological procedures and qualitative evaluation

After surgical resection of the specimens of all experimental
group, the right lung was washed immediately with saline
and fixed in 10% buffered formalin (Merck, Darmstadt, Ger-
many) for 12 h, followed by dehydration in a graded series
of ethanol and embedding in paraffin. Thin Sects. (3 um)
in the longitudinal axis of the lung were obtained using a
microtome (Leica Microsystems SP 1600, Nussloch, Ger-
many). Sections of each specimen were stained with hema-
toxylin and eosin (HE) (Merck) and examined using light
microscopy (AxioVision 4,7; Carl Zeiss®, Germany). Two
experienced observers (LA and DM) performed the qualita-
tive evaluation % in a blinded manner.

Lung injury scoring system

The lung injury in all samples was assessed and compared
according to the American Thoracic Socity [21]. Sample
was assessed on a scale of 0-2 for each of the following
criteria: (A) neutrophil in the alveolar space, (B) neutrophil
in the interstitial space, (C) hyaline membranes, (D) pro-
teinaceous debris filling the airspaces, and (e) alveolar septal
thickening. The final lung injury score was derived from the
following calculation: Score =[(20X A)+ (14 xB)+ (7% C)

+ (7% D) +2 X E)]/(number of fields x 100). Increased score
indicates less lung injury. Digital images of the 400 X mag-
nification were captured by optical microscope (Carl Zeiss,
Oberkochen, Germany). All variables were measured in 5
fields in each animal, and two experienced observers (LA
and WA) performed the scoring in a blinded manner.

Morphometric evaluation of inflammatory cells

The same image analysis technique used to evaluate lung
injury (in five preselected areas) was applied to determine
the number of inflammatory cells (polymorphonuclear and
mononuclear). The cells were counted using Image J soft-
ware 1.4 program (Research Services Branch, Nacional
Institutes of Health — NIH, EUA). Two experienced observ-
ers (LA and WA) performed the scoring in a blinded manner.

Immunohistochemistry analysis

For IL-1p expression analysis, the paraffin was removed with
xylene from serial sections of 5 pm. After this procedure, the
sections were rehydrated in graded ethanol and pretreated
in a microwave with 0.01 M citric acid buffer (pH 6) for 3
cycles of 5 min each at 850 W for antigen retrieval. Subse-
quently, the material was pre-incubated with 0.3% hydro-
gen peroxide in phosphate-buffered saline (PBS) solution
for 5 min to inactivate the endogenous peroxidase and then
blocked with 5% normal goat serum in PBS solution for
10 min. The specimens were incubated with anti- IL-1f pol-
yclonal primary antibody (Santa Cruz Biotechnology, USA)
at a concentration of 1:200. Incubation was performed over-
night at 4 °C in the refrigerator and followed by two washes
in PBS for 10 min. Afterwards, the sections were incubated
with biotin conjugated secondary antibody anti-rabbit IgG
(Vector Laboratories, Burlingame, CA, USA) at a concentra-
tion of 1:200 in PBS for 1 h. The sections were washed two
times with PBS followed by the application of avidin biotin
complex conjugated to peroxidase for 45 min. The visualiza-
tion of the bound complexes was realized by the application
of a 0.05% solution of 3-3'-diaminobenzidine solution and
counterstained with Harris Hematoxylin. Finally, for control
analyses of the antibodies, the serial sections were treated
with rabbit IgG at a concentration of 1:200 instead of the pri-
mary antibody. Furthermore, internal positive controls were
performed with each staining bath. Digital images of the
200 x magnification were captured by optical microscope.
The results were evaluated both qualitatively (presence of
the immunomarkers) and semi quantitatively according to a
previously described scoring scale from 1 to 4 (1 =absent,
2 =weak, 3 =moderate, and 4 =intense for immunohisto-
chemical analysis) [27]. Two experienced observers (LA and
CT) performed the scoring in a blinded manner.
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Statistical analysis

Data are expressed as the mean =+ standard error of the mean
(SEM). Shapiro—Wilk’s and Levene’s tests were applied
to evaluate the normality and homogeneity of the results,
respectively. For the variables that exhibited normal dis-
tribution, comparisons between experimental groups were
performed by analysis of variance (one-way ANOVA), and
the Tukey post-test used to compare individual groups.
For the variables that exhibited non-normal distribution,
Kruskal-Wallis test was used. A p value <0.05 was consid-
ered significant. All analyzes were performed using a Graph-
Pad Prism 6.0 (GraphPad Software, San Diego CA, USA).

Results
General observation of the experimental animals

The animals recovered uneventfully from the acute lung
injury induction. No signs of macroscopic adverse tissue
responses were observed during the experimental period.

Histological descriptive analysis

Representative images of lung tissue cuts are shown in
Fig. 1. In histopathological analysis, the GC group revealed
alveolar sacs lined by simple epithelial pavement epithelium
and alveolar macrophages. The ALI and ALIP groups dem-
onstrated morphological changes characterized by intense
cellular inflammatory infiltrate, edema in the interstitial
area, and thickening of the alveolar septum. However, in
the ALIP group, less thickening of the alveolar septum and
reduced inflammatory infiltrates were observed in relation
to the ALI group.

Lung injury score

The values of the lung injury score are shown in Fig. 2. It
was possible to observe a significantly higher score in the
ALI groups compared to the ALIP (p=0.0041) and CG

Fig. 1 Representative photo-
micrographs of morphological
analysis of acute lung injury
cross sections. Alveolar septum
(asterisks); presence of inflam-
matory process (arrow). Control
group (CG); control acute lung
injury (ALI); acute lung injury
and PBM (ALIP). (stain: HE;
scale bar: 50 pm)
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(p=0.039). No difference was observed between the GC
and ALIP groups.

Morphometric analysis of inflammatory cells
number

The results of the morphometric analysis of the number
of inflammatory cells are shown in Fig. 3. A significantly
higher number of inflammatory cells was observed in the
ALI groups when compared to the GC (p =0.0036) and
ALIP (p=0.0284) groups. No additional differences were
observed.

Immunohistochemistry analysis — IL-1p expression

The immunohistochemistry results revealed positive IL-1
staining in the inflammatory cells in both ALI groups (ALI
and ALIP; Fig. 4a). However, the semi-quantitative analysis
showed a lower IL-1f expression in the GC (p <0.0001) and
ALIP (p=0.0341) when compared to ALI (Fig. 4b).

Discussion

The present study aimed to evaluate the influence of PBMT
at infrared wavelength on the acute phase of ALI in an
experimental model in rats. The main results showed that
the laser treatment was effective in attenuating inflammatory
infiltrate, reducing thickening of the alveolar septum, and
lung injury score. In addition, PBMT reduced immunoex-
pression of pulmonary IL-1p.

The effectiveness of PBMT in the treatment of respiratory
tract disorders has been demonstrated since the time of the
studies by Finsen (1901), where the author showed signifi-
cantly faster recovery of patients with pulmonary infections
after undergoing the treatment with phototherapy. Further-
more, empirical practice has shown that light has positive
effects on the treatment of asthma, bronchitis, and acute and
chronic pneumonias [28-30]. Although there is evidence
that PBMT has led to the rehabilitation of these patients,
there is still a gap in the literature regarding the mechanisms
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Fig.2 Lung injury scoring
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of action and ideal treatment parameters, especially in view
of the modulation of the inflammatory process resulting
from ALL

ALI remains a prevalent clinical challenge, and the meth-
ods used for treatment are often still poorly understood. In
humans, ALI is defined based on the well-defined set of
clinical parameters developed by acute onset, radiological
evidence of bilateral, diffuse pulmonary infiltrates, and a
Pa02/FIO2 ratio of less than 300 [31]. However, for the

ALl ALIP

evaluation of ALI induced in an animal model, it is not prac-
tical to use these same criteria, as the parameters used are
not directly translated, since the devices necessary for these
measurements are costly and difficult to access, in addition
to the fact that these measurements may be incompatible
with the design of many experimental systems. As an alter-
native approach to the diagnosis of ALI in animals, histo-
pathological criteria similar to those observed in humans
with ALI have been used and the pathological correlates of
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Fig.4 a Representative sections of IL-1p immunohistochemistry.
Immunolabeled inflammatory cells (arrow). b Results of semi-quan-
titative analysis of the IL-1f expression. Control group (CG); con-

ALI are defined by diffuse alveolar damage, characterized
by inflammatory infiltrates, thickened alveolar septa, and
deposition of hyaline membranes [32].

The histological analysis of the present study is consistent
with the diagnostic criteria of ALI established by Matute-
Bello et al. [32], since the animals that were submitted to
the CLP model presented morphological changes character-
ized by intense inflammatory infiltrate, interstitial edema,
and thickening of the alveolar septum. Similar results were
observed in the study by Yin et al. [33], which verified the
occurrence of a serious injury in the lung tissue, charac-
terized by diffuse alveolar hemorrhage, thickening of the
alveolar walls, and an increase in inflammatory cells, 48 h
after CLP induction. Interestingly, in the present study, after
treatment with PBMT, using laser at infrared wavelength in
the lower airways, the animals showed reduced inflamma-
tory infiltrates and less thickening of the alveolar septum
when compared to the untreated ones. Furthermore, it is
known that the increase in inflammatory cells, especially
neutrophils, which are responsible for this loss of inde-
pendent vascular integrity in ALL. When an insult occurs,
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trol acute lung injury (ALI); acute lung injury and PBM (ALI). *CG
versus ALI (p <0.0001); #ALIP versus ALI (p=0.0341). Scale bar:
20 pm

neutrophils accumulate in the pulmonary microvasculature
and are activated leading to the release of several toxic
mediators, including proteases, reactive oxygen species,
pro-inflammatory cytokines, and pro-coagulant molecules,
which results in increased vascular permeability and sub-
sequent installation of edema [7, 34]. In the morphometric
analysis of the number of inflammatory cells performed in
the present study, a smaller number of them were observed
in the group treated with PBMT. These findings corrobo-
rate those authors who affirm that photochemical stimulus
induced by PBMT by red wavelength can modulate the pul-
monary inflammatory process in ALI experimental models
[35, 36]. Based on these findings, it appears that PBMT at
red and infrared wavelengths were able to reduce the media-
tors and signs of inflammation of the lung tissue, attenuating
DAD.

Moreover, regarding lung injury score proposed by the
American Thoracic Society [31], it was observed that the
animals treated with PBMT had lower scores when com-
pared to the ALI group. It is important to highlight that
through these histopathological findings of the present
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study, it can be suggested that therapy with PBMT was
efficient in attenuating damage to the pulmonary paren-
chyma observed in the acute phase of ALI and consequent
additional complications.

As previously mentioned, the pathophysiology of ALI
is associated with a significant increase in inflammatory
cytokines. Biomarkers involved in the inflammatory and
coagulation cascades found in the epithelium and endothe-
lium predict morbidity and mortality in ALI, with empha-
sis on IL-1p, activated by several inflammatory cells. It is
known that the activation of IL-1 generates a significant
increase in the synthesis of other pro-inflammatory fac-
tors, thereby contributing to the severity of DAD. In the
present study, it was observed that PBMT at infrared wave-
length reduced local protein expression of pro-inflamma-
tory cytokines IL-1p, inferring that PBMT promoted the
modulation of the inflammatory response and attenuated
the progression of the severity of the lung injury. These
findings are in accordance with Mafra de Lima et al. [22]
and Lima et al. [23], that using an experimental model of
pulmonary inflammation by LPS instillation in rats, they
demonstrated that red laser (685 nm), 24 h after induction
of inflammation, was able to minimize pulmonary inflam-
mation and endothelial injury, which was evidenced by
a reduction in vascular permeability, pulmonary edema,
activation of neutrophils in the lung tissue, and decreased
TNF-a and IL-1p. Recently, da Cunha et al. [25] showed
that PBMT with a red laser (660 nm) significantly mini-
mized the number of inflammatory cells and secretion
of pro-inflammatory cytokines, such as IL-1f, IL-6, and
TNF-a in bronchoalveolar lavage fluid (BAL) in an experi-
mental model of chronic obstructive pulmonary disease.

Thus, based on the results observed in the present
study, it can be suggested that laser at infrared wavelength
was able to induce an adequate tissue response capable
of modulating the signs of the existing acute pulmonary
inflammatory process. The attenuation of the recruit-
ment of inflammatory cells proven in the present study
and the reduction of IL-1f is probably associated with the
reduction of damages in the lung parenchyma, and, con-
sequently, attenuation of pulmonary damages that occur
during ALI

Thereby, this study provides important information about
the effect of PBMT with laser at infrared wavelength as an
adjunct to the treatment of ALIL. In addition, as part of the
ongoing effort to mobilize all clinical tools with the potential
to alleviate the symptoms caused by COVID-19, this study
offers compelling reasons for exploring the potential effects
of infrared wavelengths in the ongoing fight against diseases
caused by SARS-CoV-2. However, it is necessary to investi-
gate, through controlled and randomized experimental and
clinical studies, what are the best parameters and light spec-
tra to be used to provide the best results for the treatment of

inflammatory lung diseases, especially those caused by the
new coronavirus.

Conclusion

In this study, we present evidence that only two applica-
tions of PBMT with laser at infrared wavelength are able to
reduce inflammation in an experimental model of ALI, one
of the main critical complications of COVID-19 infection.
This phenomenon occurs by attenuating the influx of inflam-
matory cells and inhibiting secretion of pro-inflammatory
cytokine, leading to a decrease in lung damage. This type of
experimental evidence is necessary for the design of other
clinical trials involving the use of PBMT in respiratory dis-
orders similar to complications associated with coronavirus
infections.
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