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ARTICLE INFO ABSTRACT
Article history: Purpose: This study compared different energy densities of laser on second degrees burns in
Accepted 5 April 2017 rats aiming to determine the most effective dosimetry in stimulation of the healing process.

Methods: Burns were induced in the dorsal skin of 54 animals divided into three groups (n: 18):
1-without treatment; 2-irradiated lesions by the Indium Gallium Phosphide (InGaP) 670nm
(4.93)J/cm?) laser; 3-irradiated lesions by the InGaR-670nm (9.86]/cm?) laser. Samples were

Keywords: collected on the 2, 10 and 18 days after injury for structural, morphometry, biochemical
Phototherapy analysis and Western blotting.

Burns Results: The energy densities examined were effective in significantly increasing the total
Healing number of fibroblasts and blood vessels and reduce the number of inflammatory cells
Rats particularly in irradiated lesions with 9.86J/cm?®. This same energy density significantly

increased the amount of GAGs (Glycosaminoglycans), decreased the TGF-f1 (Transforming
Growth Factor 31) and increased the VEGF (Vascular and Endothelial Growth Factor) during
the experimental period. This energy density also significantly increased the Collagen type I
and decreased Collagen type III and the active isoform of metalloproteinase 9 (MMP-9).
Conclusions: The energy density of 9.86]/cm? was more effective in promoting cellular
responses related to neoangiogenesis, decreasing inflammation and collagen fibers
reorganization.
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1. Introduction

Burns produce large local and systemic physiological damage
[1] such as the destruction of vascular and capillary integrity,
edema formation [2]. The severity of a burn depends on the
thermal agent and the contact time with the tissue and it can
be evaluated accordingits depth in the Boyer’s rating [3]. Burns
result in functional limitations such as decreased body and
environment control, as well as aesthetic problems that
promote decreased self-esteem, social avoidance, and anxiety
about the future [4]. The focus of therapy for burn patients has
been of physical and social functionalities [5].

Tissue repair is a process characterized by interrelated
events, into sequential phases: inflammatory, proliferative
and remodeling under the action of specific cells, cytokines
and various growth factors [6]. The TGF-B1 (Transforming
Growth Factor), especially released in the early stages of this
process, is secreted by keratinocytes, fibroblasts and platelets,
acting as chemotactic for neutrophils and monocytes at the
wound site [7,8]. Another important growth factor in tissue
repair is VEGF (Vascular and Endothelial Growth Factor) whose
secretion is induced by hypoxia and low pH, conditions that
stimulate angiogenesis [9]. Metalloproteinases are also in-
volved in the modulation of tissue integrity and modulate the
half-life of the molecules of ECM (Extracellular Matrix) by
means of selective degradation [10]. GAG (Glycosaminoglycan)
and (PGs) Proteoglycans; on the other hand, are involved in
proliferation, migration and cell differentiation during tissue
repair [11].

The LLLT (low-level laser therapy) is involved in the healing
process triggering the photoactivation of cellular mechanisms.
Chromophore located in the mitochondria seem to absorb the
laser’s red and infrared light triggering increased protein
synthesis, ATP production, cell proliferation, and reorganiza-
tion of collagen [12]. The LLLT has stood out among the many
therapeutic methods [6,13-15] and has demonstrated in
various studies that improves tissue repair as it promotes
collagen synthesis and deposition, increased vascularity,
inflammation reduction, accelerating the wound remodeling.
In this way, it is a promising work tool in the burn wounds
therapy [1,8,15-20]. However, its effects are dependent on the
different irradiation parameters used such as energy density,
wavelength, laser irradiation frequency and duration of
treatment [21].

The wavelength of the laser is critical in its absorption by
the tissues and their produced physiological effects. Among
the therapeutic lasers also known as low-intensity lasers are
Helium-Neon (He-Ne), Gallium Arsenide (AsGa), Aluminum-
Gallium-Indium-Phosphorus (AlGaInP) and Arsenide-Gallium-
Aluminum (AsGaAl). The wavelengths between 632.8 and
904nm are widely used in tissue repair [2,15,22]. Two different
types of laser (670-InGaP and 830-nm GaAlAs) are used for
Chiarotto et al. [8] in the treatment of second-degree burns in
rats and it was observed that the laser 670-nm InGaP was more
effective in increasing the numbers fibroblast at the injury site.
Other authors have also demonstrated the beneficial effects of
low intensity laser in tissue repair using 670nm [6,23,24].

Thus, this study compared the action of different energy
densities of Indium Gallium Phosphide (InGaP) 670nm laser in

second degree burns repair in Wistar rats to identify the best
dosimetry to be used in treating this type of injury.

2. Methods
2.1. Animal model

The experimental procedure was developed using 54 male
Wistar rats obtained from Herminio Ometto University Center
(UNIARARAS) — Center of Animal Experimentation. These
animals with 120 days with +300g were maintained in
individual cages under a 12/12-h light/dark cycle at a constant
temperature (23+2°C) and humidity (55%).

2.2.  Experimental procedure

In dorsal skin of all animals the burn lesions were induced
according the protocol developed by Chiarotto et al. [8]. These
were divided into three groups of 18 animals: group 1,
untreated; group 2, lesions irradiated with an InGaP laser at
670nm, 4,93]/cm?; group 3, lesions irradiated with an InGaP
laser at 670nm, 9,86]/cm?. Through anesthetic overdose and
cervical dislocation, six animals per group were euthanized in
two, ten and eighteen days after experimental injuries for
collection of tissue samples and analysis morphometric
analysis (n=3), Western blotting, quantitative analysis of
glycosaminoglycans, hydroxyproline and zymography to
metalloproteinases (n=3). The surgical and experimental
procedures received approval by Ethics Committee of the
Herminio Ometto University Center (UNIARARAS) (protocol
no. 022/2013) and conducted according with the Guide for the
Care and Use of Laboratory Animals [25]. The animals were
healthy and procedure did not promote stress.

2.3. Laser irradiation

The treatments occurred daily for 18 days according to
protocol Chiarotto et al. [8]. For laser therapy was used a
Physiolux Dual Bioset” InGaP laser (Indudstria de Tecnologia
Eletronica Ltda., Rio Claro, Sdo Paulo, Brazil) at a wavelength of
670nm (visible red), selected in the continuous mode, with an
output power of 30mW, with the beam covering an area of
0.073cm?, applied for 12, energy density of 4,93J/cm? (energy
per point of 0.09], total energy of 0,36]); and for 24s, energy
density of 9,86]/cm? (energy per point of 0.18], total energy of
0,72]). The utilization of two energy densities was based on
studies performed by Ezzati et al. [16,17], Novaes et al. [26] and
Fiério etal. [27] and the different doses and wavelength used in
this protocol were chosen according to previous studies used
by our research group in burns [6,14,24]. For irradiation the
apparatus calibration was performed by the manufacturer.

2.4.  Structural and morphometric analysis

The sample collection (25mm in diameter) was made following
different phases of tissue repair in skin.

After removing, the fragments of tissue were immediately
fixed in 10% formaldehyde in Millonig buffer, pH 7.4, for 24h at
room temperature. After that, they were washed in buffer
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andsubmitted to routine procedures for embedding in
Paraplast™ (Histosec", Merck). The blocks were cut into 6-
pm longitudinal sections and stained with Masson’s
trichrome for collagen fibers quantification in the repaired
area (% area); toluidine blue in Mcllvaine buffer (pH 4.0), for
histomorphometric analysis of the epidermis and dermis
and evaluation of the number of blood vessels and
fibroblasts, with Dominici stain for intracellular granules
detection in the polymorphonuclear leukocytes [28]. The
numbers of newly formed blood vessels, fibroblasts and
polymorphonuclear leukocytes (n/10*pum?) in the repaired
area were determined in longitudinal sections stained [28].
Three samples of 10*um? were made for each of the five
sections of each animal per group. The documentation
of sections were made on days 2, 10 and 18 of treatment
and each sample were captured and digitized in bright field
with a Leica DM2000 photomicroscope. For morphometric
analysis, samples were examined using the virtual Leica

Image Measure™ grid and Sigma Scan Pro 6.0™ programs
[29].
2.5.  Biochemical analysis and Western blotting

The densitometry values of TGF[31, VEGF, Collagen type I and
type III signals were developed according to a protocol
developed by Jacomo et al. [24] and expressed relative to
proteins stained with Ponceau S, which were taken as 100%
[30]. The results were analyzed by ANOVA and the Tukey post-
test (p<0.05) using the GraphPad Prism" 3.0 program.

2.6.  Quantitative analysis of glycosaminoglycans (GAGs)

The glycosaminoglycans extraction of tissue fragments was
made according to the DMMB method [31]. The reading was
made in visible spectrophotometer light at 526nm.

2.7.  Quantification of hydroxyproline (Pro-OH)

Fragments were weighed, immersed in acetone for 48h and
then in chloroform: ethanol (2:1) for 48h. The samples were
hydrolyzed in 6N HCl (1mL for each 10mg of tissue) for 16h at
110°C, and neutralized with 6N NaOH. For the quantification
of total collagen, samples were treated with chloramine T
solution, according to Stegemann and Stalder [32] with some
modifications. For the standard curve, HO-Pro concentrations
were between 0.2 to 6mg/mL using absorbance at 550nm in a
Spectrophotometer.

2.8.  Molecules extraction from extracellular matrix

The tissue samples were fractionated with the help of a scalpel
blade and fragmented in Polytron" soaked in saline. After a
quick centrifugation, the precipitate was treated with 15 vol-
umes of 50mM sodium acetate buffer pH 5.8 containing Gu-HCl
4M, EDTA 50mM and PMSF 1mM. The extractions were
processed under constant agitation at 4°C for 24h. After the
extraction period, the samples were centrifuged at 18,000rpm
for 20min at 4°C in Beckman centrifuge J2-21 (ROTOR JA-20).
After centrifugation, the supernatant (total extract) was used
for zymography [33].

2.9. Zymography to metalloproteinases

The supernatant from each sample (50 ug protein) was used of
according protocol of Silva et al. [34] for the analysis of MMP-
9 activity.

2.10. Statistical analysis

The results of the morphometric analysis, Western blotting
and quantitative of Hydroxyproline and GAGs were reported
by mean and standard deviation (X+SD) and the values were
compared by ANOVA and Tukey’s post hoc test (p <0.05) using
software version

3. Results
3.1.  Morphometric analysis

The number of polymorphonuclear leukocytes in the area of
the lesion progressively decreased throughout all the study
period when observed the different experimental groups, but
in the samples of lesions irradiated with 9.86J/cm? it was
observed a significant reduction of these cells in the 18th
experimental day relative to the control and to the 4.93)/cm?
(Table 1) irradiated lesions.

The quantification of the newly formed vessels increased in
theirradiated lesions on the 10th day. But on the 18th day there
was an increase only in the 9.86J/cm? (Table 1) irradiated
lesions.

Morphometric analysis done on samples taken at the site of
injury showed an increase in the total number of fibroblasts in
injuries irradiated with 4.93J/cm? and 9.86J/cm? on the 10th
and 18th days compared to those that received no treatment
(Table 1). No differences were found when comparing the
obtained data from the irradiated lesions between the
different doses of energy.

3.2.  Quantification of hydroxyproline and
glycosaminoglycans

In the quantification of GAGs was observed increase on the
18th day experimental in samples from lesions irradiated with
energy density of 9.86J/cm? and the hydroxyproline content
showed no significant differences between groups throughout
all experimental periods (Table 2).

3.3.  Western blotting

The TGF-B1 expression demonstrated through the densitom-
etry revealed that the lesions irradiated with different used
energy densities, showed gradual reduction of this growth
factor in the different experimental periods compared to the
control (Fig. 1). Treatment with the energy density of 9.86)/cm?
was significant in this parameter when the data were
compared with the energy density of 4.93]/cm? (Fig. 1).

Densitometric analysis of VEGF expression showed an
increase of this protein in the lesions irradiated with energy
density of 9.86J/cm? throughout the experimental period
especially on the 10th day (Fig. 1).
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Table 1 -Morphometric parameters evaluated in the repair area of second-degree burns in rats in different treatment groups

and experimental periods.

Experimental periods Groups 2d 10d 18d
Parameters

1 46.6+3.8* 18.242.3* 13.74+2.9*
Number of granulocytes (n/10*um?) 2 414423 12.74+2.1 8.2+2.2

3 40.1+3.4 11.542.5 5.9+2.3*

1 1.5+0.5 2.5+0.6 3.2+0.6
Number of new vessels (n/10* pm?) 2 2.1+£0.4 4.6+0.4* 49404

3 1.9+0.4 45404* 5.3+0.3*

1 103.9+11.8 216.7+21.9 231.6+23.2
Number of fibroblasts (n/10* wm?) 2 104.3+£10.1 322.1+28.5* 348.3+23.3*

3 105.2+10.4 320.2+24.9* 336.6+18.3"

1, Animals not submitted to any treatment; group 2, lesions irradiated with an InGaP laser at 670nm, 4.93]/cm?; group 3, lesions irradiated with
an InGaP laser at 670nm, 9.86]/cm? Samples were collected from each group 2, 10 and 18 days after injury. Values are the mean and standard
deviation of each group and were compared by ANOVA with Tukey’s post hoc test (p <0.05). (*) significant difference.

Table 2 - Biochemical parameters evaluated in the repair area of second-degree burns in rats in different treatment groups

and experimental periods.

Experimental periods Groups 2d 10d 18d

Parameters

Glycosaminoglycans (g/mg of dry tissue) 1 1.08+0.18 1.354+0.15 1.37+0.14
2 1.22+0.12 1.45+0.18 1.89+0.17
3 1.26+£0.13 1.58+0.14 2.86+0.14*

Hydroxyproline (pg/mg of dry tissue) 1 135.4+16.2 128.4+17.4 128.9+12.6
2 150.2+15.4 148.6+17.9 146.7+13.8
3 159.9+18.1 157.1+12.2 153.5+134

1, Animals not submitted to any treatment; group 2, lesions irradiated with an InGaP laser at 670nm, 4.93]/cm? group 3, lesions irradiated with
an InGaP laser at 670nm, 9.86]/cm? Samples were collected from each group 2, 10 and 18 days after injury. Values are the mean and standard
deviation of each group and were compared by ANOVA with Tukey’s post hoc test (p <0.05). (*) significant difference.

As for Collagen, the analyzes of the data showed a decrease
in the expression of type IIl and an increase on type I over the
study period, especially in lesions irradiated with energy
density of 9.86]J/cm?, compared to other groups (Fig. 1).

3.4. Zymography

Zymography for MMP-9 (Fig. 2) detected the latent and active
isoform at all times and experimental groups, and were
observed significantly higher values compared to the control
in the irradiated lesions. However, a gradual decrease of the
active isoform was observed from the 2nd to the 18th
experimental day in the irradiated groups, with highlighted
on the energy density of 9.86J/cm?.

4, Discussion

The purpose of this study was to compare different energy
densities during the repair process in its different phases:
inflammation (2nd day), granulation tissue formation and
reepithelialization (10th and 18th days). All phases of tissue
repair process are affected positively with the LLLT and the

choice of wavelength and energy density are crucial to a
successful treatment [35]. The energy per point also is
important in the application of laser because it the time of
tissue exposure and the output power improvement the study
reproducibility [36]. Ezzati et al. [16] have compared two types
of energy density (2.3-11.7J/cm?) in the treatment of second
degree burns in mice and observed that the irradiation fluence
of 11.7]/cm? significantly favored the repair of wounds. The
application of different energy densities (3 and 30J/cm? on
excisional wounds in Wistar rats resulted in increased tissue
cellularity, angiogenesis, collagen fibers and glycosaminogly-
cans synthesis, especially when using a density of 30J/cm?[26].

The quantitative analysis revealed in this study a decrease
in the number of polymorphonuclear leukocytes, mainly
present during the inflammatory phase (day 2), in samples
of the irradiated burns particularly with 9.86)/cm? indicating
that the choice of the energy density is necessary to the
treatment success [35]. LLLT, as stated in many experimental
investigations, has beneficial effects on the reduction of cells
involved in the inflammatory infiltrate [6,14] Chiarotto et al. [8]
compared two kinds of laser (670-nm InGaP - 4.93J/cm? and
830-nm GaAlAs-4.48]J/cm?) in the treatment of second degree
burns and observed that both significantly reduced the
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Fig. 1 - Immunoblotting (IB) of the protein expression of TGF-[31 (A), VEGF (B), Collagen type I (C) and type III (D) in the area of the
burn in the dorsal skin of rats in the different experimental groups. 1, animals not submitted to any treatment; group 2, lesions
irradiated with an InGaP laser at 670nm, 4.93)/cm?; group 3, lesions irradiated with an InGaP laser at 670nm, 9.86]/cm?.
Samples were collected from each group 2, 10 and 18 days after injury. Typical blots are shown above the average of
densitometry. Data are presented as mean and standard deviation for each group. The values were compared using ANOVA
with Tukey’s post hoc test (p <0.05). The letters indicate significant differences for each graph: TGF-B1, Collagen typel: avs. b

and c vs. b; VEGF: a vs. b and c vs. d; Collagen type III: a vs. b.

number of polymorphonuclear leukocytes in the repair
process. Silveira et al. [37] also observed a reduction in the
area of excisional wounds comparing different wavelengths
and irradiation doses (HeNe laser, 904nm and GaAs, 660nm
and energy density of 1J/cm?, 3J/cm? on both) and observed
beneficial effects of both laser types used in different doses,
since itinduced collagen synthesis and reduced inflammatory
phase.

The decreased TGF-f31 expression during the experimental
period also aims to reduce the inflammatory process in the
irradiated lesions, since the presence this protein is important
in the early stages of the tissue repair process recruiting
leukocytes in site of lesion inducing inflammation [7,38]. In
this phase also occurs the important participation of some
gelatinases like MMP-9, which is found in the granules of
neutrophils and macrophages, and is often released at the site
of the lesion [39]. Studies have observed that there is a dose-
dependent relationship between expression of TGF-31 and
MMP-9 [40,41]. Hsieh et al. [42] showed that this growth factor

induces the expression of MMP-9, which probably explains the
results found in our study where we observed gradual
reduction of gelatinase expression and of TGF-{31, especially
for samples submitted to treatment with energy density 9.86]/
cm? demonstrating that this one was more effective in
reducing the inflammatory process in the last stages of the
trial period. The MMP-9 plays an important facilitating role in
the events observed during the inflammatory process [43].
Reiss et al. [44] considered that the excessive and prolonged
production of MMP-9 leads to a disturbance in wound repair,
but if this metalloproteinase is inhibited to epithelialization is
impaired which highlights its modulating role in the homeo-
stasis of tissue repair.

Comparison of the irradiation of lesions with different
energy densities showed that especially the energy density
energy density 9.86]/cm? caused an increase in newly formed
vessels in the 10th and 18th experimental days (proliferative
phase). Corazza et al. [45] compared the angiogenic effects of
LLLT (5J/cm? and 20J/cm?) and the LED (Light-emitting diode)
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(A)

2d 10d 18d
2 3 1 2 3 1 2 3

(B)

Groups 1 2 3
Experimental
Isoforms
periods

2d 26.73%4.1 49.90+7.28* 52.9+4.87*
pro-MMP-9 10d 19.53+2.9 46.33+6.62* 47.28+8.61*
184 31.46£5.9 59.82+£6.17* 63.8£4.75*
2d 1840+4.60  62.827.20* 51.12£8.22*
MMP-9 (active) 104 17.22£3.7 55.20+7.23* 46.42+5.38*%
184 2852£6.53  49.62:5.19* 33.83:5.11*

Fig. 2 - (A) Zymogram for analyzing the isoforms latent
(92kDa) and active (83kDa) of MMP-9 in the wound healing
process of second-degree burns in rats diabetics in different
treatment groups and experimental periods. (B) Densitome-
try of the bands (pixels) corresponding to the latent isoforms
(92kDa) and active (83kDa) of MMP-9 in the wound healing
process of second-degree burns in rats diabetics in different
treatment groups and experimental periods (n=3/group/
time). Group 1, animals not submitted to any treatment;
group 2, lesions irradiated with an InGaP laser at 670nm,
4.93)/cm?; group 3, lesions irradiated with an InGaP laser at
670nm, 9.86]J/cm?. Samples were collected from each group 2,
10 and 18 days afterinjury. Values are the mean and standard
deviation (x10°) of each group and were compared by ANOVA
with Tukey’s post hoc test (p <0.05). (*) significant difference.

and proliferation of fibroblasts induced by this treatment.
Regarding collagen fibers our results indicate a growing
reorganization of the same as it was a progressive decrease
of Collagen type IIl and increase on Collagen type I in the
irradiated injuries. In both it was detected a significant
difference in the samples treated with energy density of
9.86]J/cm?. The evaluation of these two types of collagen have
been an important indicator in the progression of the repair
process and that in the early stages predominates the
synthesis of Collagen type III which is gradually replaced by
Collagen type I [48-50]. It is widely recognized that therapies
thatstimulate the synthesis of Collagen typeIlead to increased
collagen maturation and are used due course in wound care
[51,52].

Regarding the concentration of hydroxyproline, an impor-
tant indicator of synthesis and deposition of collagen fibers
[53], the data analyzed showed increasing during the experi-
mental period in the irradiated lesions compared to non-
irradiated lesions, although these have not shown significant
differences between the experimental groups.

The glycosaminoglycan content observed in our study
demonstrated the significant influence of photobiostimula-
tion energy density of 9.86]J/cm? This result is relevant since
the GAGs are involved in the development of an important
functional and structural support migration and cell differen-
tiation [54].

The results found in this study corroborate with the
literature that indicates that low intensity laser therapy can
be used in clinical practice. These lasers do not deliver enough
power to damage tissue, but they do deliver enough energy to
stimulate tissue repair [55]. It also contributed to add that the
therapy with energy density 9.86J/cm2 is effective in the
treatment of second degree burns.

(5)/cm? and 20J/cm?) in the treatment of induced wounds in
Wistarrats and they observed that the energy density of 5J/cm?
was more effective in promoting formation of new vessels.
Other authors have also shown that LLLT improves microcir-
culation and angiogenesis at the site of injury [6,8,14]. In our
study, it was also observed an increase of VEGF expression in
irradiated lesions compared to control in last experimental
periods. However, radiated lesions with energy density of
9.86)/cm? showed an increase in the expression of this growth
factor mainly on the 10th day indicating that this dose of
energy was more effective in this parameter. The decrease on
day 18th in the same dose of energy indicates the formation of
new vessels since VEGF is also stimulated when the cells are
subjected to hypoxia [46,47].

Quantitative analysis of samples irradiated in different
energy density used in our study showed thatboth increased of
fibroblasts in the last experimental periods studied. (prolifer-
ative phase) Chiarotto et al. [8] also observed it when used the
laser 670nm InGaP, 4.93]J/cm? in second degree burns. Silveira
et al. [37] considered that the increase of collagen observed in
irradiated excising lesions, especially in 3J/cm? in rats was a
consequence of the acceleration of the processes of migration

5. Conclusion

The different energy densities of InGaP-670nm laser studied
promoted beneficial biomodulators effects on the repair burns
in this experimental model, as promoted neoangiogenesis,
decreased inflammation and reorganization of collagen fibers.
The energy density of 9.86J/cm? was more effective in
promoting cellular responses related to these parameters.
Thus, burns being a worldwide public health problem, it is
important that further investigation in the search of a dose,
wavelength and treatment duration ideal in use of LLLT in the
therapy of this type of lesions gets done.
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