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Abstract: Aim study was to evaluate the effects of low-power laser photobiomodulation (LBP) in third-
degree burns induced in an animal model. Forty Wistar rats (Ratus norvegicus albinus) were used,
females weighing between 200 and 300 grams, randomly divided into a control group (GC = 20) and a
laser-treated group (DL = 20). A 1cm2 third-degree burn injury was performed on the back of each
animal after trichotomy and followed by surgical debridement 24 hours after induction. In the treated
group (LBP) a laser was applied at a wavelength of 660 nm, a power of 27 mW and an average irradiance
of 0.954 W / cm2 at five points of the wound. The total fluency was 350 Joules / cm2 and application
of 5 Joules per wound. Biopsy fragments were collected on days 3, 7, 15 and 21 post-injury for macro
and microscopic analysis using the techniques of Hematoxylin and Eosin (HE), Gomori's Trichrome
(TG) and Picrosirius red. The results were evaluated by Tukey's Test and Analysis of Variance
(ANOVA), Kruskal-Wallis Test (non-parametric) and T-paired Test. The healing process evaluated by
morphometry showed a relative statistical difference between the CG and LBP groups.
Histopathological analysis showed a decrease in the inflammatory infiltrate, angiogenesis, synthesis of
granulation tissue and collagen deposition, increased fibroblasts, matrix organization, and
reepithelization of the lesion. Thus, low-power laser photobiomodulation can contribute to the wound
repair process efficiently.
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1. Introduction

Total thickness burns are considered deep injuries that involve the dermis and reach

subcutaneous tissues destroying the epithelial attachments, nerves and blood vessels, which can
reach muscle and bone tissue [1]. It is estimated that millions of people are affected by burns
annually, and about 1 in 10 affected patients require hospitalization [2-5].
These healing processes have complex physiological mechanisms and involve the
inflammation, proliferation, and cell maturation phases. Each stage of the tissue repair process
has specific and complementary fundamental characteristics that differentiate them [6]. In cases
of deregulation of the mechanisms involved, sequelae with a high prevalence of morbidity,
functional disability and aesthetic damage may occur in patients with severe burns [1,3,5,7].

Conventionally, the therapeutic approach seeks to prevent infectious processes and
remove necrotic tissues. However, several methods, such as low-power laser
photobiomodulation (LBP), have been shown to accelerate healing and prevent
morphophysiological tissue impairment [5,8,9].

The biomodulatory effect of LBP can be observed mainly in the inflammatory phase.
Some authors have demonstrated that laser therapy is able to decrease the number of
inflammatory cells, increase angiogenesis, stimulate the differentiation of myofibroblasts,
increase the proliferation of epithelial cells and collagen synthesis, contributing to better
healing of skin lesions [10-13]. Among those involved in photobiomodulation by LBP, light is
able to promote action on prostaglandins (PG) by changing intracapillary hydrostatic pressure
and increasing the absorption of interstitial fluids, decreasing edema [14,15]. In addition, the
laser promotes vasodilation, which facilitates the migration of polymorphonuclear cells and
monocytes, promotes reabsorption of fibrinous exudate and increases the rate of cell division
[16].

In addition, the photoelectric effect also contributes to ionic balance in cells, indirectly
stimulating the increase in the synthesis of adenosine triphosphate (ATP), favoring cell vitality
and the reorganization of its functions [17,18]. Furthermore, LBP blocks painful transmission
between sensory neurons, increasing new blood vessels, decreasing inflammation and bleeding
[19,20].

In this sense, the present study aimed to evaluate the effects of a low-power laser on the
healing process of skin wounds by full-thickness burns in rats.

2. Materials and Methods

The study was conducted at the Federal University of Jatai and Centro Universitario de
Mineiros (UNIFIMES, Mineiros-GO) after approval by the Ethics Committee on the Use of
Animals at the Federal University of Goidas (CEUA-UFG) (protocol 087/2016). Forty healthy
female animals of the species Ratus norvegicus albinus (Wistar lineage), weighing between
300 and 350 grams, were distributed three animals per cage with autoclaved wood shavings
and exchanged two to three times a week, fed with food and water ad libitum.

The groups of animals were randomly distributed in two groups, four biopsy moments
(3, 7, 14, and 21 days post-lesion) and five repetitions, being: control group (n=20) and low
power laser group (LBP - n=20), with the application of LBP in lesions.
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2.1. Animal handling and induction of lesions.

The animals were anesthetized according to the protocols of Kawano et al. [21]. Pre-
anesthetic agents (Diazepam, 2.5 to 5mg / kg, IP) were used to reduce management and
anesthetic stress (0.01 mL / g solution of 10% Ketamine and 2% Xylazine, IP) followed by
trichotomy 3 cm2 in the dorsal region. Then, third-degree burn injuries were induced in the
dorsal region of the animals. For this purpose, two 5ml syringes were used transversally
coupled by a two-outlet tap and containing water at 95 ° C, placed in direct contact with the
epilated skin through the opening of one of the syringes forming a 1cm? lesion. After the
procedures, analgesia was performed using tramadol (0.3 mg / kg) subcutaneously,
administered every 12 hours, for three days, later replaced by tramadol (1-2 mg / mL) in the
animals' water for more than four days. The experimental procedures were performed in an
environment separate from the maintenance room and the animals' constant eye lubrication was
performed to reduce stress and guarantee well-being. After 24 hours of lesion induction, the
necrotic tissue was removed by means of surgical debridement and an occlusive dressing
(Tegaderm ™) was used in all animals.

2.2. Low power laser application.

Laser therapy of the lesions was performed using the Photon Laser Il device (DMC
Equipamentos), with a wavelength of 660 nm, 27 mW of useful optics power, and an average
irradiance of 0.954 W/cm2. Laser therapy was performed by a punctual method in four 1 cm
equidistant sites on the edge of the lesions and an application to the central wound bed. LBP
fluency ranged from 70 Joules / cm? to 35 Joules / cm? (per point) at the edges and wound bed,
respectively, with a total deposited fluency of 350 Joules / cm2. According to parameters
established in the laser, the application time in both regions was 10 seconds with energy
deposited of 1 Joule per point. LBP applications started 24 hours after injury induction with
daily frequency until the period defined by the biopsy time of 3, 7, 14 and 21 days post-injury.

2.3. Macroscopic analysis of lesions.

On the same days of LBP, macroscopic aspects were analyzed in the lesions and
recorded on a digital machine coupled to support positioned 20 cm away from the lesion,
according to Lamaro et al. (2019) [1]. Parameters such as inflammation, necrosis, granulation
tissue, re-epithelization and evolution of the scar were evaluated. The wound area was analyzed
with the semi-automatic software Image Processing and Analysis in Java, version 1.44 (Image
J, NIH, USA).

2.4. Biopsies and microscopic analysis.

The groups were submitted to four biopsy moments: 3, 7, 15 and 21 days after the injury
was induced. After this period, the animals were euthanized, and tissue was removed from the
lesion place. Biopsy fragments collected were submitted to different staining techniques. The
slides stained with HE were analyzed to identify the intensity of vascular and fibroblastic
proliferation, tissue necrosis, crust formation, edema, inflammatory cell infiltrate
(polymorphonuclear or mononuclear), reepithelization (evaluated for the extent and thickness
of the epithelial layer and keratinization), formation of granulation tissue, organization of the
extracellular matrix of the dermis and the presence of hair follicles and sebaceous glands. The

tissue repair was analyzed in the slides stained by TG for collagen deposition, formation of
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granulation tissue, reorganization of the extracellular matrix, differentiation of the superficial
and deep dermis (loose connective tissue - light blue and dense - dark blue) and the presence
of hair follicles and sebaceous glands. Microscopic results of HE and TG staining were
expressed in scores from zero to four, being: score 0 (absent); score 1 (up to 25% of the
fragment); score 2 (between 25 and 50% of the fragment); score 3 (between 50% and 75% of
the fragment); and score 4 (from 75% to 100% of the fragment). The measurement values of
the areas were expressed in numerical values for statistical analysis of the data.

Picrosirius red staining analyzed in polarized light microscopy (20x objective) allowed
to evaluate of the density of collagen determined by the area marked in green (type 111 collagen)
or reddish-yellow (type I collagen). The photomicrographs obtained in an objective 20X of the
Picrosirius red color were analyzed in optical density and converted into pixels, using the semi-
automatic software Image J, version 1.44 (NIH, USA).

2.5. Statistical analysis.

The morphometric data were submitted to the Tukey test and the analysis of variance
(ANOVA) to measure the level of significance. Histopathological variables by HE were
analyzed by Kruskal-Wallis non-parametric test. Collagen density stained by TG and
Picrosirius red were analyzed together, using the Tukey-Anova test and the T-Paired test.
Statistically, the significance level of 5% (p 0.05) was used for all analyzes with the Sigma Stat
2.3 software.

3. Results and Discussions

3.1. Results.

The morphometric results (Table 1) demonstrated a significant reduction (p <0.01) in
the size of the wounds in the treated group in relation to the p-control group after 15 days. In
the LBP, this reduction can already be seen in seven days.

Table 1. Average in cm? of the morphometric measurements of the wounds, in the control and LBP groups, at 3,
7, 15, and 21 days after the burn lesions in rats.

ANALYZED GROUPS 3 DAYS 7DAYS 15 DAYS 21 DAYS
CONTROL GROUP 1.2967 1.668ACC 0.19380P 0.24680P
LBP 1.6967 0.638° 0.3488b 0.2388b

Note. Morphometric analysis of the lesion area by software Image J version 1.3.1. The significant difference
between groups by Tukey and ANOVA tests (p 0.05) (lower case letters in the column). The significant difference
between the days of the group by the Tukey and ANOVA tests (p 0.05) (capital letters on the same line).

Healing of the lesion observed macroscopically showed an important difference
between the groups in 7 days after the induction (Figure 1). In addition, the images demonstrate
a marked reduction, in a shorter period, of the size of the wounds in the treated group in relation
to the control.

Through histopathological analysis with Hematoxylin and Eosin (Table 2 and Graph
1,2), it was possible to observe significant differences in the healing process's evolution. Both
groups showed a significant reduction in the necrotic process, with no significant difference
between the groups, hemorrhage and edema within 7 days, with the absence of these events
within 15 days after the injury. However, the average edema scores were higher in the CG,
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although there was no statistical difference. The crust evaluation did not result in a significant
difference between the groups, despite the formation of crusts in the CG in relation to the LBP.
03 DIAS 07 DIAS 15 DIAS 21 DIAS

GC

LBP

S e wS E " “»
Figure 1. Photos of the third-degree burn lesions on the biopsy day of each group. GC = control group;
LBP = group treated with low power laser.

Table 2. Average score (0 to 4) of the histopathological results by HE staining of the control and LBP groups at
the time of biopsy 3, 7, 15 and 21 days after induction of burn-in rats.

PARAMETERS A 3 DAYS A 7DAYS A 15 DAYS A 21 DAYS

Necrosis GC 2.8A2 0.4%2 0 Ba 0 Ba

LBP 2.4h8 0.872 0Ba 0Ba

Bleeding GC 2Aa 17a QBa QBa

LBP 2.2ha 1.2A2 QBa 0Ba

Edema GC 3.4h8 1.4Aa 0Ba 0Ba

LBP 2.2ha 0.672 QAa 0”2

Polymorphonuclear Infiltrate GC 2.87a 2,28 0.44a 0Ba
LBP 3.2ha 1.2Aa 0 Ba 0Ba

Mononuclear Infiltrate GC 3.2A2 3Aa 3.2A2 1A2
LBP 3.2/ 3.8 2.2Aa 2.4ha

Angiogenesis GC 142 2ha 1.6/ 142

LBP 1.8Aa 3 ABa 1 ACa 0.8 ACa
Crust GC 0.87a 2.40a 0Aa 0”2
LBP 0.872 0.6%2 0”2 0Aa
Granulation Tissue GC 142 2Aa 2.4h2 3.25R

LBP 1Aa 2.8Aa 4 Ba 4 Ba
Fibroblasts GC 1.2 Aca 1.8 ACa 3ACa 3 BDa
LBP 2.2ha 3.2Aa 3.4Aa 3.6%a

Reepithelization GC 072 0.642 3.6%a 4Ba
LBP 0Aa 2.2ha 3.gBa 4 Ba

Note. Score 0: absent; score 1: up to 25%; score 2: between 25 and 50%; score 3: between 51% and 75%; and
score 4: from 76% to 100%. Different lower case letters in the same column for the same parameter indicate the
existence of a significant difference between the groups by the Kruskal-Wallis test (p <0.05). Different capital
letters on the same line indicate a significant difference between the days of the group using the Kruskal-Wallis
test (p <0.05).

Regarding mononuclear and polymorphonuclear inflammatory infiltrates, there was no
significant difference between groups. There was a progressive reduction of
polymorphonuclear cells more pronounced in the treated group, although there was no
significant difference. The number of mononuclear cells was maintained for up to 15 days,
showing a reduction after 21 days for the CG and a reduction of 15 days for the LBP.
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Chart 1. Average histological scores assessed by HE staining in third-degree burn lesions in rats. Scores from 0
to 4, being: score 0: absent; score 1: up to 25%; score 2: between 25 and 50%; score 3: between 51% and 75%;
and score 4: from 76% to 100%. GC: Control Group and LBP: group treated with Low Power Laser.
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Chart 2. Histological scores assessed by HE staining in third-degree burn lesions in rats. Scores from 0 to 4,
being: score 0: absent; score 1: up to 25%; score 2: between 25 and 50%; score 3: between 51% and 75%; and
score 4: from 76% to 100%. GC: Control Group and LBP: group treated with Low Power Laser.

Angiogenesis was more intense in the groups treated during the inflammatory phase
until the 7th day, with a progressive decrease from the 15th day. There was also a greater
increase in granulation tissue in the LBP group. Although both groups showed a progressive
increase in this tissue during the late healing phase, it is observed that the development was
more accelerated in the treated group. It is important to note that an average score of 4 was
attributed to the LBP at 15 days, while for the CG, an average score was 2.4 at 15 days and
3.25 at 21 days.

https://biointerfaceresearch.com/ 2522


https://doi.org/10.33263/BRIAC122.25172534
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC122.25172534

Figure 2. Skin lesions from third degree burns in rats - Photomicrograph with HE stain. A - GC 3 days, intense
crust (asterisk) and great tissue disorganization, 10x; B - CG 3 days, intense crust (asterisk) and hemorrhage (black
arrow), 20x; C - LBP group 3 days, intense crust (asterisk) and hemorrhage (black arrow), 20x; D - GC 7 days,
area with new vessels (black arrow), 20x; E and F = LBP group 7 days, intense formation of new vessels (black
arrow), infiltration of mononuclear cells and fibroblasts with greater deposition of extracellular matrix, 20x.

The proliferation of fibroblasts followed the same pattern of occurrence in the lesions,
that is, a greater number of cells in the LBP group from the 7th day of injury. Next, the
formation of the epithelium was observed from the 7th day on in both groups. However, a
significant difference was observed between the groups of 3 days in relation to the groups of
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15 and 21, with greater thickness of the layer and extension of the epithelium in the treated
groups in relation to the controls.

Figure 3. Third-degree burn injuries in rats. Photomicrograph with HE staining. A and B - GC 15 days showing
complete epithelialization with loose connective tissue and site outside the lesion with normal skin (dotted line),
20x; C and D - LBP group 15 days showing complete re-epithelialization with loose connective tissue, the onset
of formation of dense non-modeled connective tissue (asterisk) and hair follicle (black arrow), 20x; E - GC 21
days, formation of epithelial attachments such as hair follicles and sebaceous glands (black arrow) 20x; F - LBP
Group 21 days, formation of hair follicles and sebaceous glands (black arrow) and greater organization of the
dermis, 20x.

Figure 2 shows a histological difference between the groups at 7 days (D - control
group; E and F - LBP group). The therapy promoted an increase in neovascularization, greater
infiltration of pro-inflammatory cells, and increased fibroblasts and greater deposition of the
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extracellular matrix. These results show that lesions treated with the laser have faster tissue
repair compared to the control group.

Figure 4. Histological photomicrograph of third-degree burn injuries in rats, by staining Picrosirius red and
Gomori. A - Normal skin tissue stained with Picrosirius red. Type | collagen (yellow and red) and hair follicles
on the white arrow, 20x; B - normal skin tissue stained with Gomori's trichrome. Connective tissue stained in
shades of light and dark blue in the superficial and deep dermis and hair follicles in the black arrow; C - CG 3
days, presence of inflammatory infiltrate, hemorrhage (black arrow), edema with tissue disorganization and little
evident collagen, 10x; D - same as C; E - GC 3 days, a small amount of type | collagen marked in red with
Picrosirius red, 20x; F - GC 3 days, conversion of the mark in E to pixels in the Image J program; G - LBP 3
days, with intense inflammatory, infiltrate, hemorrhage (black arrow), area with edema, tissue disorganization
and little evident collagen (asterisk), 10x; H - area described in G with 20x.

In Figure 3, A and B photomicrographs of the lesions in the control group at 15 days. C
and D, LBP group at 15 days. Greater organization of the dermis is observed in the treated
group, with the beginning of the separation of the superficial and deep dermis indicated by the
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asterisk. E and F, control group and LBP, respectively, at 21 days, showing greater tissue
organization and greater amount of hair follicles in the treated group compared to the control
group, showing that the repair process was faster and more efficient with the intervention.
Regarding staining performed by the Gomori Trichrome technique, it allowed
observing differences between the Laser Group (DL) and the Control Group (CG). From the
3rd day after the injury was induced, the samples showed improvement in the tissue repair
process in the treated group compared to the CG, with a slight increase in collagen deposition
and a greater presence of fibroblasts (Figure 4). Regarding the microscopic parameters of the
granulation tissue and organization of the extracellular matrix, there was a difference between
the means of the 5 samples of each group as a function of score 1. However, the analysis of
fibroblasts showed an increase from 1.2 in the CG to 2.2 in the LBP, as shown in Table 3 and

Graph 3.
Table 3. Histopathological evaluations by staining with Gomori trichrome in the control and LBP groups on
days 3, 7, 15 and 21 after the burn injury in rats - mean values in score (0 to 4).

PARAMETERS 03 days 07 days 15 days 21 days
Granulation Tissue GC 1% 2hca 2.4ACa 3.258¢a
LBP 1Aa 2.8ACa 4BCa 4BCa
Matrix Organization GC 142 1Aca 1.6Ac2 38BDa
LBP 1Aa 1.2 ACa 3.4 BCa 3.6 BDa
Fibroblast GC 1.2A4 1.874 3Aa 3Aa
LBP 2.2ha 3.24a 3.448 3.6%

Note. Scores from 0 to 4, being: score 0: absent; score 1: up to 25%; score 2: between 25 and 50%; score 3:
between 51% and 75%; and score 4: from 76% to 100%. Different lower case letters in the same column for the
same parameter indicate a significant difference between groups by the Kruskal-Wallis test (p<0.05). Different
capital letters on the same line indicate the existence of a significant difference between the days in the group by
the Kruskal-Wallis test (p<0.05).

GC LBP GC LBP GC LBP

Fibroblasto
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Chart 3. Semi-quantitative histological evaluation by staining with Gomori trichrome in third-degree burn
injuries in rats. Scores from 0 to 4, being: score 0: absent; score 1: up to 25%; score 2: between 25 and 50%;
score 3: between 51% and 75%; and score 4: from 76% to 100%.

As for the 7th day after the injury (Table 3), there was a difference, although not
significant (p> 0.05) in the analyzed parameters, showing an increase in the average of the 5
samples for the laser group in relation to the control group. The granulation tissue had a score
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of 2 in the GC and 2.8 in the LBP, in the organization of the extracellular matrix, there was an
increase from 1 in the GC to 1.2 in the LBP and in the presence of fibroblasts increased from
1.8 in the GC to 3.2 in the LBP. Thus, it was possible to observe a better organization of the
dermal connective tissue (Figure 5). There was no significant difference (p 0.05) in the
statistical analysis between the groups on days 3 and 7 of the Tukey-Anova test and the paired
T-test.

Figure 5. Skin lesion from third-degree burn 7 days. Photomicrography by Picrosirius red and Gomori staining.
A - GC 7 days, an area with crust (asterisk) and area with beginning of tissue organization with loose connective
tissue stained in light blue (black arrow) - (dotted line limit for an area without injury), 10x; B - area described
in A with a 20x objective. C - LBP 7 days, there is an area with loose organized connective tissue stained in light
blue and angiogenesis, 10x; D - area described in C with a 20x objective; E - GC 7 days, little type I collagen
marked in red with Picrosirius red, 20x; F - LBP 7 days, little type I collagen marked in red with Picrosirius red,
20x.

On the 15th day after the injury, it was possible to observe, from the Gomori's
Trichrome stain (Table and Graph 3), a difference in the formation of granulation tissue. The
control group (2,4) showed moderate formation, while the LBP group showed diffuse
https://biointerfaceresearch.com/ 2527
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deposition of the tissue (4). Likewise, it occurred in relation to the extracellular matrix
organization, with mild/moderate organization in the CG (1.6) and a marked organization (3.4)
in the LBP group, more similar to the normal superficial and deep dermis.

RN k. )
B G R, B

Figure 6. Skin lesions from third-degree burns in rats. Photomicrography by Picrosirius red and Gomori
staining. A - Normal skin stained with Picrosirius red, type | collagen marked in yellow and red and hair follicles
on the white arrow; B - normal skin stained with Gomori, connective tissue stained in shades of light and dark
blue in the superficial and deep dermis and hair follicles in the black arrow; C - GC 15 days, superficial dermis
(*) and deep dermis (**) with hair follicle formation (black arrow), 10x; D - area described in C with a 20x
objective; E - GC 15 days, little type I collagen marked in red and more type 111 collagen marked in green with
red Picrosirius, 20x; F - LBP 15 days, little type | collagen marked in red and more type 111 collagen marked in
green, and beginning of demarcation of the superficial (*) and deep (**) dermis, with red Picrosirius, 20x; G -
LBP 15 days, there is an area of the superficial (*) and deep (**) dermis more organized with the formation of
hair follicles with keratin (black arrow), 10x; H - area described in G with a 20x objective.

There was no statistical difference (p> 0.05) in the presence of fibroblasts between
groups and days, although histologically, the LBP group (3.4) showed a higher number of cells
compared to the GC group (3). In the tissue remodeling phase, at 21 days after the injury,
https://biointerfaceresearch.com/ 2528
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intense granulation tissue formation was observed (Table 3 and Graph 3) in the CG (3.25) with
the maintenance of the diffuse form of the LBP group (4). The matrix organization was defined
as intense in the CG (3) and intense/diffuse in the LBP group (3,6), as well as the presence of
fibroblasts in the GC (3) and in the LBP group (3,6).

Although a histological difference was observed, the statistical tests (Tukey-Anova test
and the paired T-test) did not show a level of significance (p> 0.05) in the comparison between
groups and days. However, histopathological images referring to these groups can be seen in
Figures 6 and 7.

Figure 7. Photomicrograph of third-degree burn injuries in rats in groups of 21 days, by staining Picrosirius red
and Trichrome Gomori. A: GC 21 days, there is an area of the superficial dermis (*) and deep dermis (**) with
the formation of hair follicles (black arrow), (dotted line limit for the area without lesion, 10x; B: area described
in A in 20x objective; C: LBP 21 days, there is an area of the superficial dermis (*) and deep dermis (**) with
greater density and formation of hair follicles (black arrow); D: area described in C with a 20x objective.

The healing remodeling phase was evaluated by quantitative measurement of collagen
in pixels determined from samples submitted to staining with Picrosirius red and analyzed by
polarized light microscopy, as shown in Table 4 and Graph 4. On the 3rd day after lesion
induction, it was possible to observe a decrease in the means between the five samples from
235.73 pixels in the CG to 155.746 in the LBP. In the biopsy time of 7 days, a lower
quantification of pixels was observed in the CG (157.44) than the LBP group (154.39), showing
less presence of type Il collagen and greater maturation of the matrix more type | collagen. ,
although the statistical analysis using the Tukey-Anova test and the paired T-test between the
groups (days 3 and 7) did not show any significant difference (p> 0.05). After 15 days of injury
induction, it was possible to observe an average of 178,018 pixels in the CG and in the LBP
group, an average of 213.154. On the 21st day, although there was no statistical difference
between the groups and days, a greater average was observed in the LBP group of 153.207

pixels compared to the CG with an average of 145.484 pixels.
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Table 4. Average collagen quantification values, in pixels, by histopathological evaluations by Picrosirius red
staining of the control and LBP groups on days 3, 7, 15, and 21 after the burn lesion in rats.

CONTROL GROUP LBP GROUP
3 days 235.73 pixelsh? 155.746 pixelsA?
7 days 157.44 pixelsh? 154.39 pixelsh?
15 days 178.018 pixels”? 213.154 pixels?
21 days 145.484 pixels”? 153.207 pixels”?

Note. Different lower case letters in the same column indicate a significant difference between groups by a T-
paired test (p<0.05). Different capital letters on the same line indicate a significant difference between the days in
the group by Tukey test (p<0.05).

250
225
200
175
150
125
100
75
50
25
0
3 days 7 days 15 days 21 days
CONTROL GROUP LBP GROUP

Chart 4. Quantification of collagen in pixels assessed by Picrosirius red staining in third-degree burn lesions in
rats.

3.2. Discussion.

The mechanisms involved in the photobiomodulation effects are still being studied. One
of the mechanisms described is the absorption of wavelengths by mitochondrial enzymes, such
as cytochrome C oxides (CCO). The CCO stimulus produced by laser light increases the
production of ATP and reactive oxygen species (EROS) in cells, inducing cell signaling to
activate different biochemical pathways responsible for stimulating protein synthesis,
enzymatic activation and cell proliferation [20].

The photobiomodulation effects also regulate cell membrane ion channels and stimulate
cytokine synthesis, such as TGF-p20, promote endothelial migration, greater angiogenesis,
immunomodulation, increased matrix deposition by fibroblasts and accelerate wound
contraction [20].

In this study's morphometric analysis, it is observed, mainly when observed on the 7th
day, a more accelerated contraction of the wounds in the treated group in relation to the control
group. Figure 1 shows an important difference in the size of the lesions at 7 days after induction.
In the CG, there was less reduction in the lesion area compared to the treated group after 3 days.
Gupta et al. [22] obtained similar results with a difference of 50% in the contraction of the
lesion between the treated and control groups.

Although both groups were evaluated histologically by three slide staining methods,
Gomori's Trichrome and Picrosirius red showed better collagen deposition and maturation and
the organization of the extracellular matrix. The assessment of the degree of necrosis did not
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show any statistically significant difference between the two groups at any time during the
study. Thus, it is concluded that although the therapeutic method did not reduce tissue necrosis,
it did not aggravate it, it only contributed to the evolution of the granulation tissue repair and
formation process, reducing the number of dead cells and accelerating the replacement by new
ones.

The formation of crust and edema was more evident in the control group, demonstrating
that the LBP was able to control better the exudative cellular processes that influence the
production of these parameters. Greater angiogenesis was also observed in the treated group,
allowing greater tissue drainage and greater edema reduction. In the analysis with a biopsy time
of 3 days, intense polymorphonuclear inflammatory infiltrates observed in the treated group.
The presence of cells with phagocytic function in the inflammatory phase is important for
cleaning the tissue, phagocyting dead cells, damaged matrix and pathogens and foreign bodies
that contaminate the wound. Thus, a greater amount of polymorphonuclear cells in the treated
group allows the formation of a microenvironment capable of accelerating the proliferative
phase [7].

Therefore, the early reduction of polymorphonuclear inflammatory cells and the
presence of mononuclear cells in the treated group compared to the control group is expected.
Thus, the immunomodulatory effects allow accelerating the tissue repair process, promoting an
initially more intense inflammatory phase and the late inflammatory phase, and the repair phase
earlier than expected.

These results were also described by Gupta et al. [22] and Jin et al. [23]. In his work,
after the application of LBP, there was a reduction in the local inflammatory process. Several
authors point to reducing pro-inflammatory cytokines, such as TNF-a and IL-8, as a possible
control mechanism of the initial healing phase, favoring a better tissue repair. [1,9,22,23].

In addition, LBP is able to induce greater availability of growth factors and cytokines,
such as VEGF, which would justify the occurrence of a more intense and rapid reepithelization
in the treated group [1,9,24]. Corroborative, a greater proliferation of fibroblasts and
angiogenesis was observed in the treated groups. The increase in neovascularization allows
better oxygenation, tissue nutrition and recruitment of pro-inflammatory cells to the injury site.
A greater number of cells, mainly macrophages and fibroblasts, act directly in the production
and remodeling of the extracellular matrix, speeding up the closure of the wound and ensuring
better organization of the tissue architecture [1,5,7].

The treated group showed a higher collagen deposition rate on days 3 and 7. As also
reported by Fidrio et al. [25]. In this study, greater deposition of type I collagen was observed
in the treated group than in type I11, which shows an earlier tissue maturation process.

In addition, histologically greater granulation tissue formation and organization of the

extracellular matrix were observed 15 days after the induction of burns in the treated groups,
compared to the control groups. These histological results demonstrate a rapid tissue
organization stimulated by laser therapy. In addition, Picrosirius red staining demonstrated the
maturation of collagen fibers in both groups. However, the treated group showed more
accelerated maturation of type I collagen than in the control group.
In a systematic review of 17 studies, Ocon et al. [5] evaluated photobiomodulation's effects on
third-degree burns in animal models. In this review, the authors concluded that laser
photobiomodulation favors the healing process in chiropractics, although there are differences
in results. The different results found can be justified by the various methods, such as ideal
laser power and wavelength, application regime, and analysis types.
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As noted, the use of LBP promotes a reduction in the healing time, representing
clinically shorter hospital stay and a decrease in costs, guaranteeing a better quality of life for
patients. In addition, this therapy does not demonstrate systemic repercussions, which reduces
contraindications. However, it is necessary to conduct clinical trials that prove and standardize
the use of low-power lasers in humans.

The authors recognize that the definition of the laser parameters needs to be
standardized to avoid the study's limitations. In this way, it will be possible to understand the
parameters applied to laser light. In addition, the statistical analysis of biopsies contributed to
a statistically significant difference between groups.

4. Conclusions

It was concluded that low-power laser photobiomodulation during the healing process
of skin burns reduced the time to repair the wound, increased angiogenesis, deposition and
collagen maturation, in addition to promoting better remodeling of the extracellular matrix.
Thus, laser therapy was able to promote better macro and microscopic aspects of the lesions.
However, further studies are needed to standardize the technique with different protocols and
their effects.
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