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Abstract Previous studies have discussed an inverse correla-
tion between age and wound healing, because it relates to the
association of aging with a gradual decrease in healing capac-
ity. Treatment with photobiomodulation therapy (PBMT) im-
proves wound healing by inducing increases in mitotic activ-
ity, numbers of fibroblasts, collagen synthesis, and neovascu-
larization. Therefore, this study aimed to evaluate the effects
of PBMT in cutaneous wound healing in aged rats. A punch
biopsy of 8 mm in diameter was performed to produce a skin
wound. The study included 45 male rats, of which 15 were
young (30 days) and 30 were elderly (500 days). The 45 an-
imals were distributed into 3 experimental groups, which were
subjected to skin wounds and 1 aged group received PBMT,
with a 30-mW laser beam (power density of 1.07 W/cm2),
beam area of 0.028 cm2, and λ660 nm produced through ac-
tive phosphide Gallium-Aluminum-Indio (InGaAIP). The
PBMT application took the form of a single-point transcuta-
neous method, with a total energy of 2 joules per wound site,
energy density of 72 J/cm2, and time of 1 min and 7 s.
Analysis was performed to verify the effect of PBMT on the

quantity of collagen I and III, metalloproteinase 3 and 9
(MMP-3 and MMP-9), tissue inhibitor of metalloproteinase-
2 (TIMP-2) and of vascular endothelial growth factor (VEGF)
at the wound site by immunohistochemistry, cytokine-induced
neutrophil chemoattractant (CINC)-1, by enzyme-linked im-
munosorbent assay (ELISA) and interleukin (IL)-6 real-time
polymerase chain reaction (RT-PCR). That we conclude LLLT
is effective in the modulation of inflammatory mediators IL-6,
CINC-1, VEGF, MMP-3, MMP-9 and TIMP-2 as well as
increased collagen production in aged animals during different
phases of the tissue regeneration process. However, the effects
of PBMT obtained in the aged animals (aged LLLT group)
suggest that new dosimetries should be tested to achieve better
results.
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Introduction

Successful wound healing requires function of many cellular
and molecular events that are coordinated to result in tissue
repair or regeneration. Disturbances in any of these functions
result in impaired wound healing. Wound repair can be
thought of as the culmination of three major overlapping
phases: inflammation, proliferation, and remodeling [1, 2].

Delayed wound healing in the aged is associated with im-
paired inflammatory responses with alterations in chemokine
production, reduced macrophage phagocytic capacity, en-
hanced proteolysis and degradation of matrix constituents
due to excessive leukocytes and inflammation, delayed re-
epithelialization and neovascularization and impaired
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fibroblast migration are other characteristics of wound healing
in elderly subjects [3, 4].

Overall, there are global differences in wound healing
between young and aged individuals [5]. It has long been
thought that pro-inflammatory cytokines, including inter-
leukins (IL) 1α and 1β, IL-6, and tumor necrosis factor
(TNF)-α, play an important role in wound repair. They
likely influence various processes at the wound site, in-
cluding stimulation of keratinocyte and fibroblast prolif-
eration, synthesis and breakdown of extracellular matrix
proteins, fibroblast chemotaxis, and regulation of the im-
mune response [6].

Chemokines among which IL-8 are active participants
in the healing process because it stimulates the migration
of various cell types into the wound site, particularly in-
flammatory cells. IL-8 expression is increased in acute
wounds and plays a role in re-epithelialization by the in-
crease in migration and proliferation of keratinocytes. It
also induces the expression of matrix metalloproteinases
(MMPs) by leukocytes, and it is a strong chemoattractant
for neutrophils, participating thus the inflammatory re-
sponse. However, IL-8 at high levels decreases the prolif-
eration of keratinocytes and the contraction of the colla-
gen by fibroblasts structure [7].

MMPs play an important role in all stages of wound
healing by degrading all components of the extracellular
matrix (ECM) and have the capacity to synthesize colla-
gen type III and IV (MMP-3), collagen type IV, V, VII, X,
denatured collagen (MMP-9) and other MEC members
who contribute to the remodeling of the wound [8].
MMPs have its release controlled by TIMPs [9]. Many
MMPs can also regulate the activity of chemokines and
are also involved in neovascularization process due to
interaction with vascular endothelial growth factor
(VEGF) in the formation of new blood vessels [10].

Angiogenesis is another complex process that could play a
role in wound healing. The aging-induced decrease in tissue
perfusion and impairment of angiogenesis are known to affect
wound healing [4].

Various treatments to reduce the delay of repair and
problems in healing that occur with age have been studied
both under normal conditions and under conditions in-
volving altered wound healing [7, 11]. PBMT has been
shown to be able to change the delay time and normalize
wound healing parameters, mainly involving the modula-
tion of inflammatory cytokines [12, 13] and enhanced
production of collagens type I and III [14, 15].

We propose, therefore, that PBMTcan positively influence
the healing process of cutaneous wounds during aging and can
also positively modulate mediators of this process, such as
vascular endothelial growth factor (VEGF), MMPs, TIMP,
collagen, and the pro-inflammatory cytokines IL-6 and
CINC-1 (a homolog of human IL-8).

Materials and methods

Animals

The study animals consisted of 45 male Wistar rats (Rattus
norvegicus albinos), of which 15 were young (30 days) with
body weights ranging from 130 to 150 g and 30 were aged
(500 days) with body weights ranging from 400 to 450 g. The
animals were obtained from the animal housing facility of the
and kept under controlled conditions of light and temperature,
with free access to water and chow. All experimental proce-
dures were approved by the Institutional Research Ethics
Committee (AN 0028/2014), and they were conducted ac-
cording to the guidelines of the Brazilian College for Animal
Experimentation as well as the standards of the International
Council for Laboratory Animal Science.

Experimental groups

Animals (15 young and 30 elderly) were randomly divided
into a total of 3 groups each of 15 animals, which were further
separated to 3 subgroups each containing 5 animals, according
to the experimental time points of 3, 7, and 14 days. The
groups were split as follows: Bcontrol aged,^ elderly animals
that only underwent skin wounding; BLLLT aged,^ elderly
animals that underwent skin wounding and LLLT; and
Bcontrol young,^ young animals that only underwent skin
wounding.

The animals were anesthetized by an intramuscular injec-
tion of a 7% ketamine solution (Cetamin, Syntec, Cotia, SP,
Brazil) and a 0.3% xylene solution (Xilazin, Syntec, Cotia, SP,
Brazil) at a proportion of 2:1 and a total injection volume of
0.2 mL per 100 g body weight. All possible care was taken to
avoid any discomfort to the animals. Once anesthetized, the
animals were placed in the prone position; the site was steril-
ized with alcohol-iodine, and the dorsum of the animal was
shaved. Skin wounding was performed using an 8 mm diam-
eter Bpunch^ with a circular blade, allowing the removal of a
circular area of skin. Four wounds were inflicted on each
animal, with the site of wounding located in the middle por-
tion of the median sagittal plane. After wounding, the injured
animals were placed in clean cages, 5 animals in each cage,
and freely provided with water and chow. The analgesic
dipyrone was administered for 2 days after wounding at a dose
of 0.1 mL/animal, 4 times daily, with a minimum of 4 h be-
tween doses.

Photobiomodulation therapy application

We used the Photon Laser III® (DMC Equipment’s LTDA,
SP, Brazil) for PBMT, with a λ660 nm laser beam produced
through active phosphide Indio-Gallium-Aluminum
(InGaAIP) according to the following parameters: frequency
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continuous, power density 1.07W/cm2, power output 30 mW,
spot size 0.028 cm2, energy density 72 J/cm2, total energy
delivered 2 J, irradiation time per treatment 67 s. The applica-
tion of PBMTwas initiated immediately after skin wounding,
and then on alternate days until the day of euthanasia for each
group. The control group underwent the same experimental
procedures, but did not receive PBMT.

Euthanasia

At the end of each period of 3, 7, and 14 days, the animals
were weighed and then euthanized via intracardiac injec-
tion with thiopental sodium (Cristália Lab, SP, Brazil) at
the dose of 0.05 mL per 100 g body weight. After eutha-
nasia, following the indicated times, the wounded areas
were surgically removed with a 1-cm margin of skin
around the lesion depth to the fascia. The resulting sam-
ples, which were taken from 2 animals per time point, were
frozen in liquid nitrogen and stored at −80 °C. Of the 2
samples per time point, 1 sample was allocated for immu-
nohistochemical procedures and the other sample was al-
located for the analysis of protein expression by enzyme-
linked immunosorbent assay (ELISA) and gene expression
by RT-PCR.

Histological procedures and quantification of collagen

Samples frozen in liquid nitrogen were placed in OCT™
(Sakura, Finetechnical Co. Ltd., Japan) and 4 mm sections
were prepared using a cryostat (CM 1850, Leica,
Germany) and histological sections stained not willing to
slides silanized for immunohistochemistry.

Immunohistochemistry

The frozen sections were washed in phosphate-buffered
saline (PBS) and endogenous peroxidase activity was
blocked with 0.3% H2O2 in methanol for 30 min. The sec-
tions were washed in PBS (6 × 5 min washes) and mounted
with 1% normal goat serum in PBS for 30 min.
Subsequently, the slides were incubated in the presence
of primary antibody applied overnight at 4 °C. Primary
antibodies used were VEGF: mouse anti-rat VEGF anti-
body (VG-1; Abcam, Tokyo, Japan), TIMP-2: goat anti-
TIMP-2 antibody (sc6835, Santa Cruz Biotechnology,
Inc), MMP-3: rabbit anti-MMP-3 antibody (ab-53015,
Abcam, Tokyo, Japan), MMP-9: goat anti-MMP-9 anti-
body (sc-6840, Santa Cruz Biotechnology, Inc.), collagen
I: mouse antibody (Col-1) (sc-59772, Santa Cruz
Biotechnology, Inc.), and collagen III: rabbit antibody
(S-17)-R (sc-8780 R, Santa Cruz Biotechnology, Inc.).
After washing in PBS (6 times, 5 min), they were incubat-
ed with secondary antibody, agreement with primary

antibody used, for 30 min. After washing in PBS
(6 × 5 min washes), a coloring reaction was carried out
with diaminobenzidine (Wako Pure Chemical Industries,
Osaka, Japan) and nuclei were counterstained with hema-
toxylin. Areas of positive staining for each of the tags were
observed under a light microscope (E200, Nikon, Japan),
and images were captured by a microcomputer equipped
with IC Capture 2.2 software (The Imaging Source,
Germany). From each sample, 4 images were recorded of
different fields of view, including each part of the stained,
using a ×10 objective so that the length was captured. Once
captured, the images were analyzed using a software-based
image analysis system (Image-Pro Plus® 4.5, Media
Cybernetics, MD, USA).

Gene expression quantification

Total RNA was extracted from skin wound samples and
RT-PCR assay was performed for mRNA quantification.
Thawed tissues were homogenized in 1 mL of TRIzol®
reagent (Gibco BRL, Gaithersburg, MD) and total RNA
was isolated according to the manufacturer’s instructions.
One microgram of total RNAwas used for cDNA synthesis
and RT-PCR gene expression analysis. Initially, contami-
nant DNA was removed using DNase I (Invitrogen) at a
concentration of 1 unit/μg RNA in the presence of 20 mM
Tris-HCl, pH 8.4, containing 2 mM MgCl2 for 15 min at
37 °C, followed by incubation at 95 °C for 5 min for en-
zyme inactivation. Then, the reverse transcription (RT) re-
action was carried out in a 200-μl reaction volume in the
presence of 50 mM Tris-HCl, pH 8.3, 3 mM MgCl2,
10 mM dithiothreitol, 0.5 mM dNTPs, and 50 ng of ran-
dom primers with 200 units of Moloney murine leukemia
virus-reverse transcriptase (Invitrogen, CA, USA). The re-
action conditions were 20 °C for 10 min, then 42 °C for
45 min, and finally 95 °C for 5 min.

The reaction product was amplified by real-time PCR on
the 7500 Sequence Detection System (ABI Prism, Applied
Biosystems, Foster City, CA, USA) using the SYBR
Green® core reaction kit (Applied Biosystems). The ther-
mal cycling conditions were 50 °C for 2 min, then 95 °C
for 10 min, followed by 40 cycles, each at 95 °C for 15 s
and then 60 °C for 1 min. Experiments were performed in
triplicates for each data point. Target gene mRNA abun-
dance was quantified as a relative value compared with an
internal reference, GAPDH, whose abundance was be-
lieved not to change between the varying experimental
conditions. Primers used for RT-PCR were IL-6;
GenBank accession number E02522, forward primer 5′-
TCCTACCCCAACTTCCAATGCTC-3′ and reverse prim-
er 5′-TTGGATGGTCTTGGTCCTTAGCC-3′. One micro-
liter of RT reaction mix was used for RT-PCR.
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Evaluation of the inflammatory mediators CINC-1

The amount of CINC-1 in skin wounds was quantified by
ELISA (R&D Systems, USA) as per the manufacturer’s
instructions. For this purpose, 96-well plates were coated
with 100 mL of monoclonal antibody for each cytokine:
anti-CINC-1 diluted in sodium carbonate buffer (0.1 M, pH
9.6). The plates were incubated at 4 °C for 18 h. For
blocking, the plates were washed 4 times with PBST
(PBS containing 0.05% Tween®-20) and then filled with
300 μL/well of blocking solution (3% gelatin in PBST,
Sigma) at 37 °C for 3 h before being subjected to a new
cycle of washes. Next, 100 μL/well of diluted samples or
recombinant cytokine standards were added to the plate
and incubated for 18 h at 4 °C. After washing, 100 μL/well
of the respective biotinylated antibody specific for the de-
tection of each cytokine was added and left for 1 h at room
temperature (RT). After washing the plates, 100 μL/well of
streptavidin–peroxidase was added and incubated for 1 h at
room temperature (22 °C) followed by further washes. The
reaction was visualized by adding 100 μL/well of 3,3′5,5′-
tetramethylbenzidine solution and stopped by adding
50 μL/well of sulfuric acid (2 N). The absorbance of each
well was read using a SpectraMax® Plus 384 spectropho-
tometer (Sunnyvale, CA, USA) at a wavelength of 450 nm
with correction at 570 nm. The sample concentrations were
calculated from standard curves obtained with recombinant
cytokines.

Statistical analysis

The data were tabulated using Excel 2007 software
(Microsoft Corporation, WA, USA) and initially assessed
for normality using the Shapiro–Wilk test. Since a normal
distribution was observed, ANOVA with Tukey’s post hoc
test was used for comparisons between experimental
groups. All of the data were expressed as mean and stan-
dard deviation values. Prism® 5 software (GraphPad, CA,
USA) was used. Differences from the null hypothesis were
considered to be significant when p < 0.05.

Results

Quantification of collagen I

Significant differences in the percentage of collagen I de-
position at the wound site were observed among groups at
3 days post-wounding. There was a significant difference
in the means of the percentage of collagen deposition at the
wound site between the control young and aged (control
and LLLT) groups. At 7 days, groups had similar behavior
at 3 days, with significant differences between groups. At

14 days, the control young group showed significantly
higher expression that the control aged and LLLT aged
groups. There was also a significant difference between
the control aged and LLLT aged groups, showing the
biomodulatory effect of laser in deposition of collagen type
I (Fig. 1).

Quantification of collagen III

At 3 days post-wounding was found significant lower percent-
age of collagen III deposition at the wound site in the aged
(control and LLLT) groups compared with control young
group, however the LLLT aged group had higher percentage
than the control aged group. At 7 days aged (control and
LLLT) groups also had percentage of collagen III lower than
the control young group and the LLLT aged group obtained
higher percentage than the control aged group. However, at
14 days the control young group had lower amount of colla-
gen than the control aged and LLLT aged groups, and the
LLLT aged group had a lower percentage than the control
aged group (Fig. 2).

Effect of PBMT on metalloproteinase 3 (MMP-3)

At 3 and 7 days post-wounding the control young group
showed a significant lower percentage of MMP-3 compared
the control aged and LLLT aged groups, However, the LLLT
aged group showed a significant decrease compared the con-
trol aged group. At 14 days, the aged (control and LLLT)
groups showed a significantly higher percentage than the con-
trol young group, however LLLT aged group showed signifi-
cantly lower percentage than the control aged group (Fig. 3)

Effect of PBMT on metalloproteinase 9 (MMP-9)

The percentage of MMP-9 in control young group showed to
be significantly lower that the control aged and LLLT aged
groups at 3 and 7 days post-wounding, however LLLT re-
duced significantly the percentage of the LLLT aged group
compared with control aged group. At 14 days, the control
young group showed a significant decrease percentage com-
pared aged (control and LLLT) groups and LLLT aged group
showed significant decrease compared control aged group,
proving the LLLT biomodulatory effects (Fig. 4).

Effect of PBMT on TIMP-2

At 3 days post-wounding, the control young group showed
significantly higher expression of TIMP-2 than aged (con-
trol and LLLT) groups and LLLT aged group showed
higher expression than the control aged group. At 7 and
14 days, control young group had significantly higher ex-
pression than the control aged and the LLLT aged groups.
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However, despite the aged groups have lower expression
than the control young group, the LLLT aged group

showed significantly higher expression of TIMP-2 than
the control aged group (Fig. 5).

Fig. 1 a (control-young) and b
(LLLT-aged) represent
concentrations of collagen type I
in wounds 3 days after injury. c
(control-young) and d (LLLT
aged) represent concentrations in
wounds 7 days after injury. e
(control young) and
f (LLLT-aged) represent
concentrations in wounds 14 days
after injury. g The comparisons of
the mean and standard deviation
concentrations of collagen type I
over 3, 7, and 14 days after
preparation of the wound healing.
*p < 0.05, **p < 0.001—using
Tukey’s test with comparisons
against the control young group;
#p < 0.05—using Tukey’s test
with comparisons against the
control age group. The sections
were viewed with a ×10 objective.
Scale bar, 0.01 mm
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Fig. 2 a (control-young) and b
(LLLT-aged) represent
concentrations of collagen type III
in wounds 3 days after injury. c
(control-young) and d (LLLT
aged) represent concentrations in
wounds 7 days after injury. e
(control young) and f
(LLLT-aged) represent
concentrations in wounds 14 days
after injury. g The comparisons of
the mean and standard deviation
concentrations of collagen type III
over 3, 7, and 14 days after
preparation of the wound healing.
*p < 0.05, **p < 0.001—using
Tukey’s test with comparisons
against the control young group;
#p < 0.05—using Tukey’s test
with comparisons against the
control age group. The sections
were viewed with a ×10 objective.
Scale bar, 0.01 mm
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Fig. 3 a (control-young) and b
(LLLT-aged) represent
concentrations of MMP-3 in
wounds 3 days after injury. c
(control-young) and d
(LLLT-aged) represent
concentrations in wounds 7 days
after injury. e (control-young) and
f (LLLT-aged) represent
concentrations in wounds 14 days
after injury. g The comparisons of
the mean and standard deviation
concentrations of MMP-3 over 3,
7, and 14 days after preparation of
the wound healing. *p < 0.05,
**p < 0.001—using Tukey’s test
with comparisons against the
control young group; #p < 0.05—
using Tukey’s test with
comparisons against the control
age group. The sections were
viewed with a ×10 objective.
Scale bar, 0.01 mm
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Fig. 4 a (control-young) and b
(LLLT-aged) represent
concentrations of MMP-9 in
wounds 3 days after injury. c
(control-young) and d
(LLLT-aged) represent
concentrations in wounds 7 days
after injury. e (control-young) and
f (LLLT-aged) represent
concentrations in wounds 14 days
after injury. g The comparisons of
the mean and standard deviation
concentrations of MMP-9 over 3,
7, and 14 days after preparation of
the wound healing. *p < 0.05,
**p < 0.001—using Tukey’s test
with comparisons against the
control young group; #p < 0.05
using Tukey’s test with
comparisons against the control
age group. The sections were
viewed with a ×10 objective.
Scale bar, 0.01 mm
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Effect of PBMT on vascular endothelial growth factor
(VEGF)

The control young group showed a significantly higher per-
centage of VEGF compared with control aged group in 3 and
7 days, and at 14 days showed significantly lower percentage
compared with the same group. When compared with LLLT

aged group showed significant increase in 3 and 7 days, and at
14 days showed no statistical difference. The LLLT aged
group showed a significant increase in the percentage of
VEGF at 3 and 7 days compared with control aged group,
and at 14 days showed a significant decrease compared with
same group, getting approximate values to the control young
group (Fig. 6).

Fig. 5 a (control-young) and b
(LLLT-aged) represent
concentrations of TIMP-2 in
wounds 3 days after injury. c
(control-young) and d
(LLLT-aged) represent
concentrations in wounds 7 days
after injury. e (control-young) and
f (LLLT-aged) represent
concentrations in wounds 14 days
after injury. g The comparisons of
the mean and standard deviation
concentrations of TIMP-2 over 3,
7, and 14 days after preparation of
the wound healing. *p < 0.05,
**p < 0.001—using Tukey’s test
with comparisons against the
control young group; #p < 0.05—
using Tukey’s test with
comparisons against the control
age group. The sections were
viewed with a ×10 objective.
Scale bar, 0.01 mm
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Effect of PBMT on CINC-1 protein expression

The control young group showed a significant decrease in the
concentration of IL-8 (CINC-1) compared with the control
aged and LLLT aged groups at 3 and 7 days post-wounding.
At 14 days showed a significant decrease compared to aged
(control and LLLT) groups, however, LLLTadministration led
to a significant decrease in expression of IL-8 protein when
comparing the aged (control and LLLT) groups, in 3, 7, and
14 days after injury (Fig. 7).

Effect of PBMT on IL-6 mRNA expression in wound
healing

Figure 8 shows a statistically significant increase of IL-6
mRNA expression between aged control group and control
young group in 3, 7, and 14 days after injury. When compared
the LLLT aged and control young groups, also occurred a
significant increase on day 3 and on days 7 and 14.
Although the aged groups showed higher expression com-
pared the control young group, LLLT promoted a significant
decrease expression in LLLT aged group on days 3, 7, and
14 days.

Discussion

The present study was designed to seek possible explanations
as to whether the behavior of the healing process in elderly
animals may be similar to that of the young animals already
studied in previous work by our research group [16]. We ob-
served that the response to PBMT was different in aged rats
compared with young rats. The present study was conducted
to analyze the gene expressions of pro-inflammatory cytokine
(IL-6) protein expression and a cytokine-induced neutrophil
chemoattractant (CINC-1), a chemokine that belongs to the
interleukin 8 family, and immunohistochemical expression
of VEGF, MMP-3, MMP-9, TIMP-2, collagen type I and III.

The main results of this study included the following: The
behavior of the repair process occurred differently between
young and aged rats, with an obvious delay in the aged
groups, as was verified by analysis of collagen and the expres-
sion of inflammatory mediators. The aged group treated with
PBMT showed an increased rate of wound repair process,
compared with their respective control group; however, the
LLLT aged group still showed a lag in repair compared with
the control young group, mainly regarding the inflammatory
phase and proliferation, angiogenesis, and fibrogenesis.

Fig. 6 a (control-young) and b
(LLLT-aged) represent
concentrations of VEGF in
wounds 7 days after injury. c The
comparisons of the mean and
standard deviation concentrations
of VEGF over 3, 7, and 14 days
after preparation of the wound
healing. *p < 0.05, **p < 0.001—
using Tukey’s test with
comparisons against the control
young group; #p < 0.05—using
Tukey’s test with comparisons
against the control age group. The
sections were viewed with a ×10
objective. Scale bar, 0.01 mm
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The early response to wounding also results in the release of
chemokines by keratinocytes, which act as chemoattractants for
the migration of immune cells to the site of injury. Neutrophils
arrive at thewoundwithinminutes ofwounding and become the
predominant cells in the wound site for the first 2 days after the
injury occurs. Neutrophils and platelets entrapped and aggregat-
ed in the blood clot release a wide variety of factors that amplify
theaggregation response, initiate thecoagulationcascade, and/or
act as chemoattractants for cells involved in the inflammatory
phase. Among other proinflammatory cytokines, IL-6 is pro-
duced by neutrophils and has been shown to be important in
initiating the healing response; IL-6 has mitogenic and prolifer-
ative effects on keratinocytes and, at the same time, acts as a
chemoattractant for neutrophils [17]. CINC-1 (a homolog of hu-
man IL8) expression increased themigration andproliferation of
keratinocytes, induces the expression ofMMPs and it is a strong
chemoattractant for neutrophils [7].

According to Ershler and Keller [18, 19], IL-6 is normally
expressed at low levels except during infection, trauma or

other stress factors. Among the many factors that regulate
the expression of the IL-6 gene are estrogen and testosterone.
After menopause or andropause, levels of IL-6 are elevated in
the absence of infection, trauma or stress.

After tissue injury, IL-6 expression since increases in the 15
to 20 min of injury, with peak levels in 24–48 h, gradually
reducing in 7 days [17]. CINC-1 shows increased expression
in the first hour after injury, down to 24 h of follow-up, when it
starts an increase up to 48 h and from 7 days ago decreased
expression [20]. The three groups of our study showed higher
expression of IL-6 and CINC-1 in the initial phase of the repair
process, to decrease over time, however, the aged groups
showed high values IL-6 and CINC-1 and that PBMTwas ef-
fective in decreasing the expression of these inflammatoryme-
diators, throughout the experimental period. However, it is ob-
served that although PBMT have attenuated the levels of IL-6
and CINC-1 in the irradiate group, the expression was higher
than the control young group. This finding suggests a new pro-
posal for LLLT dosimetry, which may be used in aged animals

Fig. 7 Comparisons of the mean
and standard deviation levels of
IL-6 in skin wound tissue over 3,
7, and 14 days after preparation of
the wound healing. *p < 0.05,
**p < 0.001—using Tukey’s test
with comparisons against the
control young group; #p < 0.05—
using Tukey’s test with
comparisons against the control
age group

Fig. 8 Comparisons of the mean
and standard deviation levels of
CINC-1 (a homolog of human IL-
8) in skin wound tissue over 3, 7,
and 14 days after preparation of
the wound healing. *p < 0.05,
**p < 0.001—using Tukey’s test
with comparisons against the
control young group; #p < 0.05—
using Tukey’s test with compari-
sons against the control age group
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to achieve better results. This finding reinforces the results
achieved by Rambo et al. [16] similar to ours in that compared
the levels of pro-inflammatory cytokines (IL-1 and TNF) in
young and old animals, and these suggest a differentiated do-
simetry of PBMT for treatment of young and aged.

The presence of elevated levels of IL-6 and IL-8 in the
older age groups was also found by Sansoni et al. [21] show-
ing a chronic inflammatory state.

The potential of PBMT in modulating inflammatory cyto-
kines among them the IL-6 and CINC-1 is clear in the study.
Alves et al. [19] found that PBMT reduces IL-6 expression in
joint inflammation in rats. On human cell cultures, the red
laser increased the migration and proliferation of keratinocytes
and the granulation tissue, by modulating IL-8 expression
promoting more rapid re-epithelialization [22]. Lima et al.
[23] reported that PBMT (GaAlAs, continuous, 9 mW,
670 nm, 0.031 W/cm2) significantly decreased IL-6 levels,
strongly suggesting an inflammatory biomodulation of LLLT.

Ambrosch et al. [24] found that the reduction of inflamma-
tion reduces IL-6 concentration, followed by decreased levels
of MMPs and TIMP increased. MMPs expression is regulated
by interleukins, TIMPs and other factors and play essential
roles in all phases of the healing process. They degrade all
components of the extracellular matrix, stimulate migration
of epithelial cells, fibroblasts, vascular endothelial cells and
synthesize collagen and other members of the ECM [8, 10].

MMP-3 has anti-inflammatory effect, increase cell migra-
tion into the damaged tissue as well as degrading proteogly-
can, fibronectin, collagen type III and IV [10] and can also
enhance the proteolytic effect of MMP-9, which acts on the
type IV collagen, elastin and collagen denatured [25].

In our study, the MMP-3 and MMP-9 expression was
higher in aged groups (control and LLLT) in all phases of
repair compared to the control young group, however the aged
group treated with LLLT showed expression below its old
control showing PBMT capacity of reducing MMP-3 and
MMP 9 expression. MMPs long overexpression degrades es-
sential proteins for the healing process, leading to delay the
healing process or abnormal scar formation [26]. Thus, MMPs
modulation is essential in the process of repair and LLLT is
effective in this modulation.

High levels of MMPs can also degrade the growth factors
such as PDGF, EGF, VEGF, and consequently there is a de-
crease or absence of proliferation essential cells for tissue re-
placement, such as fibroblasts which has function of synthe-
size collagen [27]. TIMPs function modulates the activity of
MMPs and especially TIMP-2 has strong attraction toMMP-3
[10, 28].

In our study, we observed that in the control young group,
TIMP-2 expression was increased in relation to age groups
(control and LLLT), and against MMP-3 and MMP-9 was
decreased in all phases of repair. This proves that the TIMP
modulates MMP expression. However, it is observed that

although the expression was lower in the control young group,
the PBMT induced a higher TIMP-2 expression in the LLLT
aged group compared to the control aged group showing the
effect of PBMT in biomodulatory TIMP and MMPs
expression.

Studies show that IL-6 [29], IL-8 [30] and MMP-9 [31] are
involved in angiogenesis due to their interaction with the en-
dothelial growth factor (VEGF) in the formation of new blood
vessels.

The angiogenesis is a critical and complex event in the
wound-healing process. It depends on both angiogenic growth
factors present and ECM components participating in granu-
lation tissue and in microvascular vessels. The cooperative
regulation of the activities of growth factors and the produc-
tion of ECM components is essential for wound repair.
Vascular endothelial growth factor (VEGF or VEGFA), which
exerts its biological activity predominantly on endothelial
cells, is a key mediator of angiogenesis [32].

In our study, the results of an analysis of VEGF immuno-
histochemistry demonstrated that, although the control young
group had a higher VEGF expression than older groups at all
stages of repair, PBMT increased expression in the elderly
group treated at 3 and 7 days. Another factor observed at
14 days following injury the elderly control group reached
levels of VEGF higher than other groups, leading us to believe
in the process of these aged animals delay.

Our results for the effects of PBMTon VEGF are similar to
those obtained by Colombo et al. [33], who investigated an-
giogenesis in the dorsal cutaneous wounds of rats treated with
laser (λ660 nm, 16 mW, 10 J/cm2). They concluded that laser
treatment (λ660 nm) contributed to increased angiogenesis.

Szymanska et al. [34] evaluated the laser effects on the
vascular endothelial proliferation in vitro and VEGF secre-
tion, and they concluded that PBMT with wavelength
635 nm increases endothelial cell proliferation. Significant
increase in endothelial cell proliferation and corresponding
decrease in VEGF concentration may suggest the role for
VEGF in the healing process. In addition, Galiano et al. [35]
assert that therapeutic restoration of VEGF has been shown to
improve significantly repair outcomes, and PBMT proves ef-
ficient in modulating VEGF.

Angiogenesis restores the level of both oxygen and nutri-
ents for the newly forming tissue, supplying the high metabol-
ic demand, favoring protein synthesis as well as cell prolifer-
ation and migration, such as fibroblasts, which is one of the
functions synthesize collagen [33].

We observed that in the control young group, the collagen I
and III showed a normal course in the repair process, with
greater deposition of collagen III and consequently less depo-
sition of collagen I at the early phase, and increased deposition
of collagen I and lower collagen III in the late phase of the
process. In aged groups, we found that there was a delay in the
deposition of collagen type I and III when compared to the
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control young group, however PBMTwas able to reduce this
delay in the LLLTaged group, especially in collagen III in the
early stages of repair and collagen I at 14 days after injury.

The less collagen deposition in aged groupsmay be related to
the small number of fibroblasts found in aged skin [36]. The
improvement in collagen deposition in the LLLT aged group
can be explained by the fact that the laser helps the proliferation
of fibroblasts [16], so there will be more collagen deposition.

Increased collagen deposition at the beginning of the
healing process with PBMT was also found by Biondo-
Simões and Busnardo [37], with increased deposition of col-
lagen III in the third postoperative day and by Silva et al. [15]
in wounds of diabetic rats with an increase in the total percent-
age of type III collagen.

Other studies have found increased collagen deposition with
laser use. Fiorio et al. [38] found increase collagen deposition in
third-degree burns in rats. Carvalho et al. [39] demonstrated that
theapplicationof lowintensityHe-Ne laser (λ632.8nm)promot-
ed increase in the percentage of collagen in skin of diabetic rats
wounds by increasing the amount of collagen fibers similar to
process observed in animals non-diabetic efficacy, indicating of
PBMTeffects in the healing process.

The healing process involves the coordinated efforts of
several cell types such as cytokines, chemokines, metallopro-
teinases and their inhibitors, growth factors and fibroblast that
will deposit collagen in the wound. According to the results of
this study, we conclude that even in aged tissue there is de-
layed healing, this tissue satisfactorily responded to PBMT
with modulation of inflammatory mediators IL-6, CINC-1,
MMP-3, MMP-9, TIMP-1 and VEGF as well as increased
collagen production in aged animals during different phases
of the tissue regeneration process. In view of the obtained
results, we can predict that these results are especially impor-
tant to the establishment of therapeutic strategies in elderly
patients with the imminent risk of presenting problems during
the healing of cutaneous lesions. Our results also lead us to
believe that PBMT can be used as an important tool in the
early stages of tissue repair favoring the proliferation and re-
modeling phases of these lesions.
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