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Photobiomodulation prevents DNA fragmentation
of alveolar epithelial cells and alters the mRNA
levels of caspase 3 and Bcl-2 genes in acute lung
injury
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Acute respiratory distress syndrome (ARDS) and acute lung injury (ALI) are defined as pulmonary inflam-

mation that could occur from sepsis and lead to pulmonary permeability and alveolar edema making

them life-threatening diseases. Photobiomodulation (PBM) properties have been widely described in the

literature in several inflammatory diseases; although the mechanisms of action are not always clear, this

could be a possible treatment for ARDS/ALI. Thus, the aim of this study was to evaluate the mRNA levels

from caspase-3 and BCL-2 genes and DNA fragmentation in lung tissue from Wistar rats affected by ALI

and subjected to photobiomodulation by exposure to a low power infrared laser (808 nm; 100 mW; 3.571

W cm−2; four points per lung). Adult male Wistar rats were randomized into 6 groups (n = 5, for each

group): control, PBM10 (10 J cm−2, 2 J and 2 seconds), PBM20 (20 J cm−2, 5 J and 5 seconds), ALI, ALI +

PBM10 and ALI + PBM20. ALI was induced by intraperitoneal Escherichia coli lipopolysaccharide injection.

Lung samples were collected and divided for mRNA expression of caspase-3 and Bcl-2 and DNA frag-

mentation quantifications. Data show that caspase-3 mRNA levels are reduced and Bcl-2 mRNA levels

increased in ALI after low power infrared laser exposure when compared to the non-exposed ALI group.

DNA fragmentation increased in inflammatory infiltrate cells and reduced in alveolar cells. Our research

shows that photobiomodulation can alter relative mRNA levels in genes involved in the apoptotic process

and DNA fragmentation in inflammatory and alveolar cells after lipopolysaccharide-induced acute lung

injury. Also, inflammatory cell apoptosis is part of the photobiomodulation effects induced by exposure to

a low power infrared laser.

Introduction

Acute respiratory distress syndrome is characterized by acute
pulmonary inflammation, most frequently caused by infec-
tions.1 In this condition, pulmonary permeability increases,
causing alveolar edema, which in turn impairs gas exchange.1

From the 2012 Berlin definition, acute respiratory distress syn-
drome and acute lung injury (ALI) became the spectra of the
same disease in which the severity of the syndrome was strati-
fied according to the PaO2/FiO2 ratio in three categories: mild
(200–300 mmHg), moderate (100–200 mmHg) and severe
(<100 mmHg with a minimum level of 5 cm H2O of PEEP –

positive end-expiratory pressure).2 An early diagnosis is impor-
tant to implement other strategies in addition to supporting
the respiratory function as well as other organs affected by
sepsis, in order to minimize potential damage3 and to reduce
mortality, which remains high, surpassing 40% in the severe
category.2
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Inflammatory response plays a critical role in acute respirat-
ory distress syndrome pathophysiology, from the activation of
alveolar macrophages which results in the secretion of cyto-
kines and neutrophils and in circulating macrophage recruit-
ment into lungs.4 Inflammation onset leads to endothelium
and epithelium rupture, establishing alveolar edema and com-
promising gas exchange.5

In general, polymorphonuclear cells are very short half-life
cells; however, in inflammatory processes, death by apoptosis
is prevented by inflammatory signal.6 Subsequently, this med-
iates apoptotic polymorphonuclear cell clearance by macro-
phages,6 putting an end to the inflammation and restoring
tissue homeostasis.7 Two major signaling pathways are
involved in polymorphonuclear cell apoptosis: the death recep-
tor or the extrinsic pathway (Fas and Fas binding-FasL), and
the mitochondrial or intrinsic pathway (pro-apoptotic Bcl-2
family of the protein, such as Bax).8 Both pathways result in
the release of cytochrome c and the mitochondrial outer mem-
brane permeabilization, which trigger events of apoptosis by
caspases. DNA fragmentation by endonucleases and cytoskele-
ton reorganization are promoted by effector caspases (caspase
3, for example), resulting in apoptotic body formation.9,10

However, cellular resistance to apoptotic stimuli is due to the
balance between anti-apoptotic proteins (Bcl-2, Bcl-x, Bcl-XL,
Bcl-XS, Bcl-w and BAG) and pro-apoptotic proteins (Bax, Bak,
Bid, Bad, Bim, Bik, and Blk).11

A previous study showed apoptosis participation in the
photobiomodulation effects on the inflammatory process.12

The photobiomodulation effect induced by low power lasers is
related to the monochromatic and collimated characteristics
of laser beams,13 which allow photon absorption by a specific
photoacceptor14 This effect has been reported to accelerate
tissue repair and analgesia.15,16 Also, photobiomodulation has
been described in cells associated with inflammatory response
and tissue repair, such as lymphocytes,17 fibroblasts,18 macro-
phages,19 in the movement of red blood cells,20 as well as in
blood plasma components, such as hemoglobin, immuno-
globulins and proteins,21 cell growth factors22 and cytokines.23

Although therapeutic protocols have been used success-
fully, the mechanism of action of photobiomodulation has
not been understood. Photobiomodulation effects by low
power lasers have been observed in several types of cells,
tissues and organs. However, the photobiomodulation effects
on inflammatory pulmonary diseases are poorly explored as
well as the evaluation of the apoptosis profile in inflamma-
tory cells and pulmonary parenchyma in animals affected by
acute lung injury and subjected to photobiomodulation.
Additionally, the mRNA evaluation from genes related to
apoptosis and DNA fragmentation can provide information
about the inflammatory process resolution and the state of
the lung parenchyma in experimental models of acute lung
injury. Thus, the objective of this study was to evaluate the
photobiomodulation effects on the relative levels of caspase-3
and Bcl-2 mRNA, as well as cellular fragmentation of alveolar
and inflammatory cells from Wistar rats affected by acute
lung injury. The laser fluences, power and emission mode

were those used in clinical protocols for inflammatory
disease treatment.

Experimental
Animals

Experiments were conducted in accordance with the Ethics
Committee in Animal Experiments of Universidade Federal de
Juiz de Fora, Minas Gerais, Brazil, protocol number 012/2016.
Twenty four adult male Wistar rats (weighing 285.0 ± 22.9 g)
were obtained from the Departamento de Ciências Fisiológicas
vivarium (Universidade Federal do Estado do Rio de Janeiro –

Brazil). Over the week before the experiment, groups of five
animals were housed in clear plastic cages with stainless steel
wire lids and pinewood shavings as bedding. Additionally, the
animals were kept in an animal room with controlled environ-
mental conditions (12 h light/12 h dark cycle, temperature
22 °C) on closed ventilated shelves. Animals received rat chow
pellets and water at libitum.

Low power laser

A therapeutic low power infrared laser (Photon Lase III) pur-
chased from D.M.C. Equipamentos Ltda (São Paulo, Brazil)
was used in this study. The laser parameters are presented on
Table 1.

Reagents

Escherichia coli lipopolysaccharide (LPS) serotype 055:B5 was
from Sigma-Aldrich (USA), TRIzol® reagent was secured from
Invitrogen (USA); isopropanol, chloroform and ethanol from
Merck (Germany); diethyl pyrocarbonate (DEPC) from Sigma
(USA); NaCl (sodium chloride) purchased from Vetec (Rio de
Janeiro, Brazil) and Entellan (Roche, Germany).

Experimental procedure

Animals were anesthetized with intraperitoneal bolus of keta-
mine (80 mg kg−1) and xylazine (8 mg kg−1)24 and then, ran-
domly assigned to six main groups of five animals each: (1) C
(Control) were animals treated with intraperitoneal saline solu-
tion (0.9% NaCl); (2) PBM10 were animals treated with intra-
peritoneal saline solution and exposed to an infrared laser at
10 J cm−2; (3) PBM20 were animals treated with intraperitoneal
saline solution and exposed to an infrared laser at 20 J cm−2;

Table 1 Photobiomodulation physical parameters

Wavelength (nm) 808
Diode laser AsGaAl
Power (mW) 100
Spot size (cm2) 0.028
Power density (W cm−2) 3.571
Energy per point (J) 2 and 5
Energy density (J cm−2) 10 and 20
Time per point (s) 2 and 5
Number of points per lung 4
Application technique Punctual by skin contact
Number of treatment sessions One session
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(4) ALI (acute lung injury) were animals treated with intraperi-
toneal LPS (10 mg kg−1); (5) ALI-PBM10 were animals treated
with intraperitoneal LPS (10 mg kg−1) and, after 4 hours,
exposed to an infrared laser at 10 J cm−2; (6) ALI-PBM20 were
animals treated with intraperitoneal LPS (10 mg kg−1) and,
after 4 hours, exposed to an infrared laser at 20 J cm−2. LPS
solutions were prepared in saline solution immediately before
use to induce ALI.

Irradiation procedure occurred after sedation with intraper-
itoneal bolus of ketamine (80 mg kg−1) and xylazine
(8 mg kg−1), dorsal decubitus position and tricotomy of the
thoracic region of the Wistar rats, determined four points
between the ribs along each lung. Low power infrared laser
exposure occurred after 4 hours of ALI induction. After
24 hours of LPS-induced ALI or after exposure to an infrared
laser, animals were euthanized with anesthetic overdose and
laparotomy was performed. The trachea was clamped and
lungs removed for further analysis.

Evaluation of relative mRNA levels of DNA repair genes

Procedure. After euthanasia, samples (50 up to 100 mg)
from right lung tissue were collected and transferred to micro-
centrifuge flex tubes with TRIzol® reagent for total RNA extrac-
tion by a standard procedure.

Total RNA extraction and complementary DNA synthesis.
Tissue samples were crushed into microcentrifuge flex tubes
with TRIzol® reagent and centrifuged (12 000g, 4 °C,
10 minutes). Supernatants were transferred to other tubes,
chloroform added, mixtures centrifuged (12 000g, 4 °C,
15 minutes), aqueous phases transferred to other tubes and
isopropanol added. After incubation (room temperature,
15 minutes), mixtures were centrifuged (12 000g, 4 °C,
10 minutes), supernatants discarded and the precipitate
washed with ethanol–DEPC (80% ethanol, DEPC 0.1%) solu-
tion and centrifuged. Supernatants were withdrawn and total
RNA reconstituted in water–DEPC (0.1%) solution and stored
(−80 °C).

RNA concentration and purity were determined with a
spectrophotometer by calculating the optical density ratio at
a 260/280 nm wavelength ratio. Complementary DNA (cDNA)
synthesis was carried out using a two-step cDNA synthesis
kit (Promega, USA). Four micrograms of RNA were reverse
transcribed into cDNA using GoScript™ reverse transcrip-
tase (Promega, USA), according to the manufacturer’s proto-
col, using a total 20 μL reaction. Real-time quantitative poly-
merase chain reaction (RT-qPCR) was performed using 5 μL
of GoTaq qPCR Master Mix (Promega, USA) for a final
volume of 10 μL volume containing 50 ng of cDNA. Samples
were amplified with caspase 3, B-cell lymphoma 2 (Bcl-2)
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
primers to determine the initial relative cDNA quantity.
Reactions, in duplicate for each sample, were run on an
Applied Biosystems 7500 RT-qPCR machine (Applied
Biosystems, USA). The PCR was initially denatured at 94 °C
for 10 minutes, followed by 40 cycles of denaturation at
94 °C for 30 s, annealing at 60 °C for 30 s (except for OGG1,

whose annealing step was 67 °C for 30 s) and an extension
period at 72 °C for 30 s. Melt curve analyses were performed
for all genes and PCR product specificity was confirmed by
the presence of a single peak. Relative expression was nor-
malized by reference gene levels (GAPDH) using ALI rats
from the control group. Duplicate Ct values were analyzed
in Microsoft Excel (Microsoft) using the comparative
Ct (2−ΔΔCT) method.25

DNA fragmentation. After euthanasia, samples from left
lung tissues were collected and fixed (4% buffered formal-
dehyde, 0.01 M, pH 7.4) and processed for paraffin embed-
ding. Four-micrometer thick sagittal slices were taken. DNA
fragmentation in Wistar rats lung samples was detected using
a TUNEL (terminal deoxynucleotidyl transferase-mediated
2′-deoxyuridine, 5′-triphosphate nick-end-labeling) assay
(Roche, Germany) according to the manufacturer’s manual.
After deparaffinization and permeabilization, tissue sections
were incubated in proteinase K for 15 minutes at room temp-
erature. The sections were then incubated with a TUNEL reac-
tion mixture which contains terminal deoxynucleotidyl trans-
ferase and fluorescein-dUTP at 37 °C for 1 hour. After
washing three times with PBS, the sections were incubated
with the Converter-POD containing anti-fluorescein antibody
conjugated with horse-radish peroxidase (POD) at room temp-
erature for 30 minutes. After washing three times with PBS,
the sections were incubated with 3-3′-diaminobenzidine
(Sigma Aldrich, USA) for 10 minutes at room temperature
(25 °C), and then counterstained using Herry’s haematoxylin.
The preparations were air dried and mounted in Entellan.
Quantitative analyses were performed using a conventional
light micro Carl Zeiss Axio Lab. A1 microscope, equipped
with an Axiocam ERc5S Rev. 2.0–20/0.40 objective, captured
with a 5 M color video, using Zen 2 (blue edition) software
(Zeiss, Germany).

Statistical analysis

Data normality was ascertained by Kolmogorov–Smirnov test.
Parametric data were expressed as mean ± standard deviation
and non-parametric data were expressed as median (interquar-
tile range). Mann Whitney test was performed to compare the
data from the ALI group with the control group. This compari-
son was performed using data normalization with the control
group. One-way ANOVA followed by Bonferroni’s multiple com-
parison tests were used to compare parametric data and for
nonparametric data, Kruskal–Wallis followed by Dunn’s mul-
tiple comparison test. Relative mRNA level data were normal-
ized with the control group to compare the animals exposed to
a low power infrared laser with the animals from the control
group. Relative mRNA level data were normalized with the the
ALI group to compare the animals affected by ALI with the
animals affected by ALI and exposed to a low power infrared
laser. p < 0.05 was considered as the less significant level.
InStat Graphpad software was used to perform statistical ana-
lysis (GraphPad InStat version 5.0 for Windows 8, GraphPad
Prism Software, San Diego, CA, USA).
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Results
Relative caspase 3 and Bcl-2 mRNA levels in lung tissue from
normal and LPS-induced ALI

Data in Fig. 1A show a significant (p < 0.001) increase of rela-
tive caspase 3 mRNA levels in lung tissue from the animals
from the ALI group when normalized and compared with the
control group. Fig. 1B shows a significant (p < 0.001) decrease
of Bcl-2 in lung tissue from rats after LPS-induced ALI when
normalized and compared with the control group.

Relative caspase 3 and Bcl-2 mRNA levels in lung tissue from
LPS-induced ALI animals subjected to photobiomodulation

Fig. 2 shows the relative caspase 3 mRNA levels in lung tissue
after LPS-induced ALI and photobiomodulation by exposure to
a low power infrared laser at different fluences (10 and 20

J cm−2). Data in this figure indicate no significant (p > 0.05)
alteration of relative caspase 3 mRNA levels in lung tissue from
normal rats exposed to a low power infrared laser at both flu-
ences evaluated (10 and 20 J cm−2) when normalized and com-
pared with the control group (Fig. 2A). However, a significant
decrease (p < 0.001) of relative caspase 3 mRNA levels was
obtained in lung tissue from rats after LPS-induced ALI and
photobiomodulation at both fluences when normalized and
compared with the LPS-induced ALI group (Fig. 2B).

Fig. 3 shows the relative Bcl-2 mRNA levels in lung tissue
after LPS-induced ALI and photobiomodulation (10 and 20
J cm−2). Similar to Fig. 2, data in this figure indicate no signifi-
cant (p > 0.05) alteration of relative Bcl-2 mRNA levels in lung
tissue from normal rats subjected to photobiomodulation (10
and 20 J cm−2) when normalized and compared with the
control group (Fig. 3A). However, a significant increase of rela-
tive Bcl-2 mRNA levels was obtained in lung tissue from rats
after LPS-induced ALI and photobiomodulation at fluences 10
and 20 J cm−2 (p < 0.05 and p < 0.01, respectively) when nor-
malized and compared with the LPS-induced ALI group
(Fig. 3B).

DNA fragmentation rate in alveolar and inflammatory cells in
lung tissue from normal and LPS-induced ALI

Representative images from positive labeling for DNA fragmen-
tation in lung cells are demonstrated in Fig. 4. This labeling
was predominantly on inflammatory cells in the ALI group.
Furthermore, these images demonstrated that LPS-induced
ALI was successful.

DNA fragmentation rate in alveolar and inflammatory cells in
lung tissue

In order to ascertain the type of cells involved in the DNA frag-
mentation and apoptosis process, the pulmonary architecture

Fig. 1 (A) and (B) Relative mRNA levels from caspase 3 and Bcl-2
respectively from normal and acute lung injury. Wistar rats were inocu-
lated with lipopolysaccharide and after 4 hours, they were exposed to a
low power infrared laser at different fluences. Right lungs were col-
lected, total RNA extraction, complementary DNA synthesis and real-
time quantitative polymerase chain reaction were performed. The assay
was carried out according to the manufacturer’s manual. ***p < 0.001
when compared to the control group.

Fig. 2 Relative caspase 3 mRNA level in lung tissue after acute lung
injury by lipopolysaccharide and photobiomodulation. Wistar rats were
inoculated with lipopolysaccharide and after 4 hours, they were exposed
to a low power infrared laser at different fluences. Right lungs were col-
lected, total RNA extraction, complementary DNA synthesis and real-
time quantitative polymerase chain reaction were performed according
to the manufacturer’s manual. Groups: C (control), PBM10 (photobio-
modulation at 10 J cm−2), PBM20 (photobiomodulation at 20 J cm−2);
acute lung injury (ALI), ALI-PBM10 (acute lung injury and photobio-
modulation at 10 J cm−2), ALI-PBM20 (acute lung injury and photobio-
modulation at 20 J cm−2). GAPDH was used as an internal standard for
normalization and the ALI group was used as the second normalizer
(ΔΔCt). †††p < 0.001 when compared to the ALI group. ALI: acute lung
injury. PBM: photobiomodulation. GAPDH: glyceraldehyde-3-phosphate
dehydrogenase.

Fig. 3 Relative Bcl-2 mRNA level in lung tissue after acute lung injury
by lipopolysaccharide and photobiomodulation. Wistar rats were inocu-
lated with lipopolysaccharide and after 4 hours, exposed to a low power
infrared laser at different fluences. Right lungs were collected, total RNA
extraction, complementary DNA synthesis and real-time quantitative
polymerase chain reaction performed according to the manufacturer’s
manual. Groups: C (control), PBM10 (photobiomodulation at 10 J cm−2),
PBM20 (photobiomodulation at 20 J cm−2); acute lung injury (ALI),
ALI-PBM10 (acute lung injury and photobiomodulation at 10 J cm−2),
ALI-PBM20 (acute lung injury and photobiomodulation at 20 J cm−2).
GAPDH was used as an internal standard for normalization, and the ALI
group used as the second normalizer (ΔΔCt). †p < 0.05 and ††p < 0.01
when compared to the ALI group. ALI: acute lung injury. PBM: photobio-
modulation. GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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was evaluated 24 hours after LPS-induced ALI and
photobiomodulation.

Fig. 5 shows no alteration (p > 0.05) of positive labeling in
pulmonary tissue from normal rats subjected to photobiomo-
dulation by exposure to a low power infrared laser at different
fluences (10 and 20 J cm−2) when compared to the control
group. However, following LPS-induced ALI, an increase (p <
0.001) of positive labeling on alveolar cells was observed. On
the other hand, after photobiomodulation, there was a signifi-
cant decrease (p < 0.001) of positive labeling on alveolar cells
in lung tissue at both the low power infrared laser fluences
evaluated.

Fig. 6 shows no alteration (p > 0.05) of positive labeling
from normal rats subjected to photobiomodulation (10 and
20 J cm−2) when compared to the control group. On the other
hand, LPS-induced ALI was observed to significantly (p <
0.001) increase the positive labeling on inflammatory cells.

Also, there was a significant increase of positive labeling on
inflammatory cells in lung tissue from rats following LPS-
induced ALI and photobiomodulation by exposure to a low
power infrared laser at fluences of 10 and 20 J cm−2 (p < 0.001
and p < 0.05, respectively) when compared to those in the
lungs from rats after LPS-induced ALI but not those subjected
to photobiomodulation.

Discussion

Photobiomodulation is used for the treatment of a number of
diseases, such as inflammatory diseases,26,27 because the
photobiomodulation effect is considered a safe and effective
approach.28 Some authors have demonstrated the anti-inflam-
matory effect of photobiomodulation by exposure to a low
power red laser (660 nm),29 low power infrared laser,30 white
LED (light emitting diode)31 and red and infrared LED (630
and 870 nm)32 under modulation inflammatory mediators.33

However, a low power infrared laser (808 nm) was used due to
the generation of a longer and narrow volume of coherent radi-
ation,34,35 whose penetration capacity is able to reach deeper
tissues,36 reaching lung tissue.

A number of studies have reported an anti-inflammatory
effect by regulation of pro-inflammatory mRNAs induced by
photobiomodulation by exposure to low power lasers, but this
effect depends on laser parameters, such as fluence.37 Also,
photobiomodulation could induce or inhibit apoptosis.12

Neutrophils and epithelial cells are two of the major cells that
undergo apoptosis in acute respiratory distress syndrome.
Intra-alveolar neutrophil apoptosis has been reported38,39 as
well as structural alterations due to pneumocyte apoptosis.40,41

Fig. 4 Representative images from normal (left) and acute lung injury
(right) lungs. Wistar rats were inoculated with lipopolysaccharide and
after 4 hours, they were exposed to a low power infrared laser at
different fluences. Left lungs were collected, fixed, processed for
paraffin and the terminal deoxynucleotidyl transferase-mediated 2’-
deoxyuridine, 5’-triphosphate nick-end-labeling assay performed. The
assay was carried out according to the manufacturer’s manual. Arrow
indicates positive labeling to DNA fragmentation, especially in PMN
cells.

Fig. 5 Percentage of DNA fragmentation in alveolar cells. Wistar rats
were inoculated with lipopolysaccharide and after 4 hours, they were
exposed to a low power infrared laser at different fluences. Left lungs
were collected, fixed, processed for paraffin and terminal deoxynucleo-
tidyl transferase-mediated 2’-deoxyuridine, 5’-triphosphate nick-end-
labeling assay performed according to the manufacturer’s manual.
Groups: C (control), PBM10 (photobiomodulation at 10 J cm−2), PBM20
(photobiomodulation at 20 J cm−2); acute lung injury (ALI), ALI-PBM10
(acute lung injury and photobiomodulation at 10 J cm−2), ALI-PBM20
(acute lung injury and photobiomodulation at 20 J cm−2). ***p < 0.001
when compared to the control group and †††p < 0.001 when compared
to the ALI group. ALI: acute lung injury. PBM: photobiomodulation.

Fig. 6 Percentage of DNA fragmentation in the infiltrated area. Wistar
rats were inoculated with lipopolysaccharide and after 4 hours, they
were exposed to a low power infrared laser at different fluences. Left
lungs were collected, fixed, processed for paraffin and the terminal
deoxynucleotidyl transferase-mediated 2’-deoxyuridine, 5’-triphosphate
nick-end-labeling assay was performed according to the manufacturer’s
manual. Groups: C (control), PBM10 (photobiomodulation at 10 J cm−2),
PBM20 (photobiomodulation at 20 J cm−2); acute lung injury (ALI),
ALI-PBM10 (acute lung injury and photobiomodulation at 10 J cm−2),
ALI-PBM20 (acute lung injury and photobiomodulation at 20 J cm−2).
***p < 0.001 when compared to the control group and †p < 0.05 and
†††p < 0.001 when compared to the ALI group. ALI: acute lung injury.
PBM: photobiomodulation.
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Induction of acute lung injury (ALI) or acute respiratory dis-
tress syndrome by lipopolysaccharide (LPS) has been a success-
ful experimental model for ALI, being used in several
studies.42–44 Thus, this experimental model was used for the
evaluation of the photobiomodulation effect on apoptosis in
acute lung injury.

Relative mRNA levels from genes related to apoptosis have
been evaluated by real-time reverse transcription polymerase
chain reaction (RT-qPCR) in cell cultures, as well as biological
tissues.12,45 These studies have allowed understanding the
factors and conditions that could modify the expression of
these genes. This technique is considered the gold standard
for measuring mRNA expression relative to a reference mRNA
(from GAPDH gene, for example).46 In addition, the terminal
deoxynucleotidyl transferase-mediated 2′-deoxyuridine,5′-tri-
phosphate nick-end-labeling (TUNEL) assay is the gold stan-
dard used to reveal DNA fragmentation by the presence of a
large number of DNA strand breaks, hence usually used for
the identification of apoptotic cells.47,48

Caspase 3 and Bcl-2 act on the induction and protection of
apoptotic cells, respectively.11 Our results show an increase in
relative caspase 3 mRNA levels and a DNA fragmentation
increase in lung tissue from Wistar rats after LPS-induced ALI
(Fig. 1A). On the other hand, Fig. 1B shows the reduction of
relative Bcl-2 mRNA levels in animals subjected to the same
conditions. Increased apoptosis rate could also be related to
polymorphonuclear cells’ presence following LPS adminis-
tration. This type of cell has an additional mechanism for free
radical production and could be more sensitive to photobio-
modulation by exposure to a low power infrared laser, inducing
the apoptosis process.49 Our findings agree with another study
which describes the selective action of photobiomodulation in
different cell types in another inflammation model.12

Photobiomodulation results from changes in biochemical
reactions and, consequently, in cellular functions following
photon absorption by cytochrome c oxidase, which increases
ATP synthesis and reactive oxygen species levels50 as well as
positively regulates proliferation and cell death genes.51 The
ALI group presented a significant difference in relative caspase
3 and BCL-2 mRNA levels when compared to the control
group. Data normalization for the groups subjected to photo-
biomodulation was performed with the control group, as well
as data normalization for the LPS-induced ALI groups, sub-
jected to photobiomodulation, was performed with the ALI
group.

Our findings do not demonstrate changes in relative
caspase 3 and Bcl-2 mRNA levels after photobiomodulation by
low power infrared laser exposure in control animals (Fig. 2A
and 3A). However, in LPS-induced ALI animals, there occur a
reduction of caspase 3 mRNA levels and an increase of Bcl-
2 mRNA levels by photobiomodulation (Fig. 2B and 3B). It is
possible that caspase 3 mRNA levels have already decreased in
polymorphonuclear cells in the apoptosis process. In fact, the
DNA fragmentation rate from the inflammation area is
increased in these animals (Fig. 6). Thus, increasing Bcl-
2 mRNA levels could be detected and this could be from the

other cell type. Some authors have reported the inflammatory
process reduction52 and Bcl-2 mRNA level increase by photo-
biomodulation,12 suggesting that apoptosis is part of the
photobiomodulation effects. Other authors have reported that
TNF-α/cycloheximide induced apoptosis reduction in endo-
thelial cells exposed to a low power red laser.53 Following that,
photobiomodulation activates NF-κB to induce protection
against oxidative stress and apoptosis mediated by caspase-3,
which occurs following noise-induced hearing loss induced by
photobiomodulation in the ears.54

From laser beam absorption by photoacceptors in mito-
chondria, with subsequent modulation of the redox potential,
transcription factors, such as NF-kB, could be induced and act
on target genes of the Bcl-2 family of anti-apoptotic members
for example. In addition, DNA, RNA and cell cycle regulatory
protein acceleration would culminate in cell proliferation pro-
motion and production of oxygen and nitrogen reactive
species, which could participate as second messengers in cell
signaling pathways55 or react with DNA, causing damage at the
sublethal level.56,57

DNA damage, detected by TUNEL assay,58,59 was correlated
with oxidative stress.60 Human fibroblasts exposed to hydrogen
peroxide show condensation of chromatin, changes in mito-
chondrial membrane potential and increased DNA fragmenta-
tion detected by TUNEL.61 Our results show DNA fragmenta-
tion increases in alveolar cells from lung tissue affected by
LPS-induced ALI. However, photobiomodulation reduces DNA
fragmentation (Fig. 5), mainly at a higher fluence (20 J cm−2).
Also, our results suggest that photobiomodulation accelerates
polymorphonuclear cell death and protects alveolar cells.
Studies have shown the importance of polymorphonuclear cell
death by apoptosis in inflammatory diseases, since it marks
the beginning of the resolving phase of inflammation,62–64

which could indicate the action of the photobiomodulation
mechanism by low power infrared lasers on acute lung injury.

Conclusion

Our research shows that photobiomodulation by exposure to a
low power infrared laser can alter relative mRNA levels in
genes involved in the apoptotic process and DNA fragmenta-
tion in inflammatory and alveolar cells following acute lung
injury induced by lipopolysaccharide. Also, inflammatory cell
apoptosis is part of the photobiomodulation effects induced
by exposure to a low power infrared laser.
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