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Abstract 

Objectives: 

The healing process of cutaneous lesions is considered a complex event divided into distinct and 

overlapping phases, which responds satisfactorily to photobiomodulation (PBM). PBM is 

indicated as a therapeutic resource capable of assisting tissue repair. The present study aimed to 

analyze the kinetics of cutaneous wounds healing process after application of the GaAlAs laser 

for treating wounds on the dorsum of rats. 

Materials and Methods: 

This study was approved by the Animal Ethics Committee of UFSCar. The animals were 

divided into 2 groups (n = 10); control group (CG) used 0.9% saline solution and the laser group 

(LG) used GaAlAs, 670nm continuous pulse, 30mW power, 14.28J /cm
2
 energy density, 

irradiating 1 point per wound for 30s, totaling 15 consecutive days of treatment. Samples were 

collected on the 4th, 11th and 16th days for histological analysis of HE, Picrosirius-Red, 

immunohistochemistry (Collagen1, TNF-α, VEGF). Statistical analyzes used the one-way 

ANOVA test for intra and inter group evaluations, and the Tukey post-test. Level of 

significance was set at p <0.05. 

Results: 

The histopathological analysis (HE) showed a statistically significant difference for lower 

values of inflammatory infiltrate in LG versus CG on the 16th day; and for the increase of 

collagen in the 11th and 16th days of treatment. There was a statistically significant difference 

in the increase of VEGF on the 11th day for LG; decrease of TNF-α on the 4th and 11th day for 

LG, and increase of collagen type 1 on the 4th and 16th days for LG. The birefringence analysis 

of the percentage of collagen fibers presented on the 11th day of treatment revealed a greater 

quantity and significant statistical difference. Collagen fibers showed improved organization 

and arrangement on the 11th day for LG. 

Conclusion: 

Our results show that PBM is effective in helping the kinetics of the cutaneous wound healing 

process in rats and promotes the necessary stimuli for the satisfactory evolution of healing 

process, ultimately leading to  structurally desirable tissue. 

 

KEYWORDS: Collagen, GaAlAs Laser, Photobiomodulation, Wound Repair 
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Introduction 

 Cutaneous wounds are defined as interruptions of cutaneous mucosal tissue 

that promote considerable changes in their anatomical structure and/or physiological 

function. Depending on the severity of the disease, they progress to considerable 

morbidity and mortality rates [1-3]. There are currently no reliable estimates of the 

prevalence and incidence of chronic wounds, since this term encompasses different 

types of cutaneous lesions, with several classifications and categories [4,5].  

 The healing process of cutaneous lesions is considered a complex event 

divided into distinct and overlapping phases, called inflammation, proliferation and 

remodeling [2,6,7]. The inflammatory phase, which spans from the beginning of the 

lesion to approximately 4 days after, is characterized by the recruitment of 

inflammatory neutrophils and cytokines, particularly TNF-α, responsible for stimulating 

keratinocytes, macrophages and fibroblasts, as well as acting on the expression of 

growth factors that contribute to angiogenesis and collagen synthesis [8]. The 

proliferative phase lasts from 5 to 14 days [9,10] and includes vascular endothelial 

reestablishment by angiogenesis, as well as extracellular matrix formation, and 

epithelialization [2,11,12]. The remodeling phase begins after 21 days after the injury 

and can persist for months depending on the extent and depth of the wound. Its main 

characteristic is the remodeling of collagen, in which the fibers become thick, resistant 

and organized, and the covalent chemical bonds are directly responsible for their 

maturation [8,9]. 

 The wound healing process may often be less satisfactory due to excessive 

inflammation, extensive/continuous trauma, and infections. Thus, the literature presents 

many therapies that attempt to accelerate healing, as well as ensure a better quality of 

the healed tissue. Among these, photobiomodulation (PBM) has been successfully used 

to regenerate several cutaneous lesions [13-16]. 

 PBM consists of the therapeutic use of coherent, collimated, monochromatic 

and polarized light, absorbed by endogenous chromophores (cytochrome C), triggering 

non-thermal and non-cytotoxic biological reactions, through photochemical and 

photophysical events, ultimately leading to physiological alterations. The use of low 

density energy and wavelength in this therapy facilitates the penetration of the beams 

into the cells and tissues, with biomodulator effects. One of the biomodulator effects 

created by this therapy is the light’s ability of photobiological interaction with the 
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injured tissues, stimulating specific events such as inflammation modulation [17, 14], 

endothelial cells proliferation due to growth factors like VEGF, and fibroblasts 

proliferation, which increases the synthesis of collagen [18-23]. These are considered 

key events for a good evolution of the healing process. 

 

 Fig 1: Illustration of the PBM mechanism of action (Adapted from Avci, 

2013). 

 

 In addition, the efficiency of PBM in cellular mechanisms, whether by 

proliferative and energetic pathways, transduction of electrical signals, biochemical or 

immune activity, are directly dependent on the parameters employed, such as 

electromagnetic wavelength, dose, light beam area, specificity tissue, time and type of 

injury [24,25]. Therefore, it is important to highlight that the choice of a suitable 

protocol to treat cutaneous lesions induced by surgical instrumentation is still a 

challenge, since the literature compares different parameters in different types and sizes 

of lesions, which makes it difficult to understand the mechanisms involved in the 

kinetics of the process evolution in its entirety.  

 Therefore, this work aimed to evaluate the action of PBM on the kinetics of 

the healing process of cutaneous lesions induced on the dorsum of rats, and better 

explore the photobiological mechanisms triggered by phototherapy in this type of 

lesion.  

 

Materials and Methods  

Experimental Animals 

 Twenty adult, male Wistar rats (Rattus norvegicus albinus), weighting 250-300 

g, were kept at the Animal Hospital of the Physiotherapy Department of UFSCar, for 16 

days. The animals were individually allocated in appropriate standard polyethylene 

cages, under controlled environmental conditions (19-23 °C and 12/12h light/dark 

cycles), with free access to adequate food and water. This study was submitted and 

approved by the Ethics Committee on the Use of Animals of UFSCar, n° 2-007 / 2014. 

The animals were randomly divided into two groups (n = 10): 

 Control Group (CG): Wounds and PBM simulation; 

  Laser Group (LG): Wounds and treatment with PBM; 
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Surgical Procedure 

 The animals were weighed and anesthetized by Ketamine (40 mg/kg, Agener, 

SP, Brazil) and Xylazine (15 mg/kg, Dopaser, SP, Brazil) prior wounding. The animals 

were then placed in the ventral decubitus for the digital trichotomy of the dorsal region, 

and three dermatological punch lesions of 10mm diameter were performed with a 

circular blade, including all 3 cutaneous layers, equidistant 1cm from each other, on the 

back of each animal [26] (Figure 2). 

 Samples were collected on the 4th, 11th and 16th day of the treatment, with 

random selection of wounds at the end of each period.  

Fig 2: Illustration of the three wounds performed by surgical 

procedure using 10mm dermatological punch. 

 

Photobiomodulation Treatment 

 PBM was performed with a red laser (LASERPULSE, IBRAMED, Brazil), 

wavelength of 670nm, output power of 30mW, energy density of 14.28 J/cm2 and beam 

cross-section of 0.063cm2. The equipment was calibrated prior to the beginning of the 

experiment at the Institute of Physics of the School of Engineering of São Carlos of the 

University of São Paulo (EESC-USP) by a qualified technician. The application started 

one hour after wounding, and was carried out with daily applications performed in a 

single point positioned perpendicularly to the back of the animal, continuously, with the 

beam of light covering the entire area of the wound. The total number of applications 

was 3, 10 and 15 according to the evaluated experimental times. The LG received PBM 

uninterruptedly until the time of sample collection at each proposed experimental time 

(4th, 11th and 16th days). At the time of treatment, the animals were immobilized by a 

cotton blanket that served as aid both for the application of the therapy and to minimize 

the animal’s stress. The CG received simulated PBM application. The detailed 

parameters of PBM are expressed in table 1.  
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Table 1: Detailed parameters used for treatment with PBM. 

Parameters Values 

Power (mW) 30 

Irradiance (W/cm2) 0.47 

Wavelength (nm) 670 

Mode of Action Continuous 

Beam transverse area (cm²) 0.063 

Energy Density (J/cm²) 14.28 

Time (s) 30 

No. of irradiation points 1 

Energy (J) 0.9 

 

Sample collection 

 Tissue samples were collected using dermatological punch with total area of 

10mm, on the 4th, 11th and 16th day of treatment. The sample collected in each 

experimental period was randomly selected in order to avoid bias. 

Euthanasia 

 The animals were euthanized, by decapitation with guillotine, on the 16th day 

after the surgical wound. 

Fig 3:  Illustration of the time line involving surgical procedures, treatments and 

material collection for analysis.  

Histopathological Analysis (HE) 

Immediately after sample collection for analysis, the tissue was cut 

longitudinally (with reference to the craniocaudal axis of the animal, covering both the 

center and the initial margin of the wound and part of the healthy tissue) with scalpel, 

fixed in buffered formalin 10% for 24 hours, washed in running water for 24 hours, kept 

in 70% alcohol and processed for inclusion in paraffin. For the preparation of the slides 

the tissue samples were sectioned in 5μm thickness. 

We obtained three sections of each sample, which were subsequently stained 

with hematoxylin and eosin (HE, Merck) and analyzed. The HE evaluation was 

performed using a light microscope (Zeiss Axioshop, Carl Zeiss, with 20X objective). 

Tissue re-epithelization and collagen expression were evaluated by the semi quantitative 

analysis, considering the values of 0-4, described in table 2 [27]. The expression of the 

inflammatory infiltrate was analyzed by the semi quantitative evaluation using scores 

according to [28], considering the values of 0-4 described in table 3. All analyzes were 

performed by three evaluators, blinded to the experimental groups. 
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Table 2: HE classification scale for semi-quantitative analysis of the tissue 

epithelization and collagen in slides stained with hematoxylin and eosin (HE, Merck). 
. 

Scale Epithelization Collagen Expression 

0 Absent Absent-GT 

1 Thickness of cut edges Minimal-GT 

2 Migration of the cells Mild-GT 

3 Bridging of the excision Moderate-GT 

4 Keratinization Marked-GT 

GT- granulation tissue 

Table 3: Histopathological classification scale for semi-quantitative analysis of the 
inflammatory infiltrate in slides stained with hematoxylin and eosin (HE, Merck). 
 

Histopathological classification scale for evaluation of  Inflammatory Infiltrate 

1 Acute inflammation (pyogenic membrane is formed) 

2 Predominance of diffuse acute inflammation (predominance of 
granulation tissue) 

3 Predominance of chronic inflammation (fibroblasts beginning to 
proliferate) 

4 Resolution and healing (decrease or absence of chronic inflammation, 
with occasional round cells) 

 

 Immunohistochemical Analysis 

The samples were inserted into silanized slides for better adhesion of the studied 

biological material and then maintained for 24h at 37 °C. After dewaxing and hydration, 

the histological sections were stained with a hydrophobic pen and then washed twice in 

a buffer solution enriched with Tween for 3 min. Sections were then immersed in 

hydrogen peroxide for 10 minutes, washed twice in phosphate buffered saline (PBS) 

twice for 3 minutes and finally immersed in endogenous peroxidase for 30 min. The 

slides were then incubated with the primary antibodies as follows. Vascular endothelial 

growth factor (VEGF): polyclonal primary anti-VEGF antibody (Santa Cruz 

Biotechnology Inc., Santa Cruz, CA, USA) at a concentration of 1:400; tumor necrosis 

factor (TNF-α): primary anti-TNF-α antibody (Santa Cruz Biotechnology Inc., Santa 

Cruz, CA, USA) at a concentration of 1:400, and polyclonal anti-collagen type I Cruz 

Biotechnology Inc., Santa Cruz, CA, USA) at a concentration of 1:200. Both were 

incubated for 2 h and washed twice in PBS. The slides were subsequently incubated 
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with a secondary antibody (anti-rabbit IgG) (Vector Laboratories, Burlingame, CA) at a 

concentration of 1:200 in PBS for 30 min. 

 

 Immunoblots of VEGF, TNF-α and type I collagen were quantitatively assessed 

by Image J 1.37a Software. The morphometric analysis used the total pixels percentage 

of the marked area in each image using the Threshold color (software ImageJ) [29]. 

Birefringence Analysis 

 The histological sections stained by the Picrosirius-Red method were analyzed 

in a polarized light microscope (Leica, with a 20x objective) to evaluate the 

organization of collagen fibers. 

 Quantitative analysis used the ImageJ 1.37a software to evaluate the percentage 

of orange-reddish coloration. The thicker and strongly birefringent collagen fibers 

correspond to collagen type I. 

We captured three images per cut at a magnification of 20x (1st, 2nd and 3rd 

quadrant) of the three cutaneous layers. Color Deconvolution ImageJ software was used 

to evaluate the percentage of red color (collagen) in the image area. This software 

recognizes the colors of the image and decomposes them into three basic colors: blue 

(collagen), red and purple. The morphometric analysis, referring to purple color, was 

measured as the percentage of the total pixels in each image using Threshold color 

(ImageJ software) [29]. 

Statistical analysis 

The results were expressed as average ± standard deviation. The results analysis 

was performed with the Software Graph PadPrism 5.0. We performed the Saphiro Wilk 

test to assess the data normality. Intergroup comparisons were performed with ANOVA 

one-way. For multiple comparisons we used the Tukey post-hoc test with significance 

level of p<0.05. 

Results 

Histopathological Analysis (HE) 

The HE analysis showed differences in the tissue repair process phases during 

the course of treatment between the experimental groups. 

HE analysis for the expression of type I collagen revealed significant statistical 

difference (p ≤ 0.01) between the CG and LG in 2 moments throughout the treatment 

(11th and 16th day). The LG showed a mild increase on the 11th day of treatment and a 
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moderate increase on the 16th day of treatment compared to CG, characterizing a more 

advanced stage in the tissue repair process (Figure 4). 

The results showed a statistically significant difference (p ≤ 0.05) for the amount 

of inflammatory infiltrate, which was lower for LG versus CG on the 16th day of 

treatment (Figure 4). 

 

Fig 4:  Quantitative evaluation of the HE analysis of the expression values of 

type I collagen and inflammatory infiltrate for the CG (control group), 

and LG (Laser group) on the 4th, 11th and 16th day after the lesion, with 

significance level of p <0.05. 

The semi-quantitative analysis of the wound reepithelialization values evidenced 

predominance of incision connection and keratinization for LG on the 16th day of 

treatment, in agreement with the findings of the descriptive analysis by Solmaz (2016), 

in which the comparison between the groups showed that LG is in a more advanced 

stage of tissue repair (Figure 5).  

Fig 5:  Photomicrographs representing the experimental groups related to 

inflammatory infiltrate, collagen expression and wound 

reepithelialization. A: CG-4 (control group on 4th day); B: CG-11 

(control group on 11th day); C: CG-16 (control group on 16th day); D: 

LG-4 (laser group on 4th day); E: LG-11 (laser group on the 11th day); 

and F: LG-16 (laser group on 16th day); (n = 8). The white arrow, # and 

* indicate the expression of type I collagen, reepithelialization of the 

wound and the presence of inflammatory infiltrate, respectively (100x). 

 

Immunohistochemical Analysis  

VEGF factor immunoexpression 

VEGF factor analysis was evaluated by the expression of brownish color, 

observing that on the 11th day the LG showed a statistically significant difference 

(p≤0.05) with higher immunolabeling when compared to the CG (Figure 6). 

TNF-α factor Immunoexpression 

The results obtained from the immunoexpression of TNF-α showed a decrease in 

LG values during the treatment period, with a statistically significant difference 

(p≤0.05) between CG and LG on the 4th and 11th day (Figure 6). 

 

 Type I Collagen Immunoexpression 
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 Regarding the immunoexpression of type I collagen, we observed a statistically 

significant difference (p≤0.05), showing an increase in the 4th and 16th day of treatment 

for the LG (Figure 6). 

Fig 6: Quantitative analysis of the immunoexpression of VEGF, TNF-a and type 

I Collagen for the CG (control group), and LG (Laser group) on the 4th, 

11th and 16th day after the lesion, with significance level of p <0.05. 

Birefringence Analysis 

 The analysis of the percentage of the collagen fibers presented a greater amount 

and a statistically significant difference (p≤0.05) for LG versus CG on the 11th day of 

the treatment (Figure 7). 

 Fig 7:  Quantitative birefringence analysis for the CG (control group), and LG 

(Laser group) at the 4th, 11th and 16th day after treatment, with 

significance level of p <0.05. 

 

We observed that on the 11th day of treatment there was a better organization and 

arrangement in the LG compared to the CG, and on the 16th day the fiber organization 

intensifies even more, indicating a tissue repair process (Figure 8). 

 

Fig 8: Photomicrographs representative of the experimental groups regarding 

the birefringence of the collagen fibers of the wound. A: CG-4 (control 

group on 4th day); B: CG-11 (control group on 11th day); C: CG-16 

(control group on 16th day); D: LG-4 (laser group on 4th day); E: LG-11 

(laser group on the 11th day); and F: LG-16 (laser group on 16th day); (n 

= 8). The white arrows indicate the collagen fiber (100x). 

 

Discussion 

 The present study shows that the use of PBM at the wavelength 670nm, 30W 

and energy density of 14.28 J/cm2 provides positive stimulus for the evolution kinetics 

of the healing process on cutaneous wounds. Although the literature shows several 

evidences about the effects promoted by PBM, controversies about the standardization 

of the best protocol to be used in surgical skin lesions are still unclear. We observed the 

comparison of such protocols in different wounds with different degrees of impairment 

and severity [19,20,22,30-32]. 

 Recent studies investigating the effects of PBM on cutaneous lesions emphasize 

that laser light is able to accelerate tissue repair, modifying the cellular environment that 

cause modulation of inflammation, improving angiogenesis, increasing collagen 
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synthesis, and reepithelialization [13,16,24,33-36]. The HE results found in our study 

reveal that the laser light has a direct action in the modulation of inflammation, which is 

demonstrated in the first days of treatment, when we observed a significant reduction of 

the levels of inflammatory infiltrate with decreased expression of TNF-α when 

compared to the control. In addition, it is noteworthy that the presence of TNF-α in late 

time of the healing process indicates a possible collagen degradation mechanism, which 

would affect the final result of the repair, and thus, the reduction and/or modulation of 

their performance is beneficial and should be considered.  

 Still on the influence of PBM in the inflammatory phase, our findings 

corroborate with other studies that also identified the modulation of inflammation after 

treatment with PBM in cutaneous tissues, suggesting that this resource can anticipate 

the resolution of this phase from its first applications, benefiting the subsequent phases 

[37-39]. 

Angiogenesis, in turn, is a critical and complex event, coordinated by specific 

growth factors associated with extracellular matrix components, and dependent on the 

formation of granulation tissue and the microvascular environment. VEGF is the 

predominant growth factor with specific biological activity that deliberates the events of 

the cellular cascade responsible for vascular reestablishment. Studies have investigated 

the action of PBM on the induction of VEGF expression in various conditions and 

lesions [13,14,24,32,34]. Brassolatti et al. (2016) using a laser (660 nm, 100 mW and 25 

J/cm2) observed both the greater presence of new vessels in the layer of the new dermis 

and the relative increase in VEGF factor expression. Renno et al. (2011), using a 

660nm, 100mW laser, but with lower creep (0.5J/cm2) also reported that their results 

were favorable in the early immunoexpression of VEGF factor, with consequent 

improvement in angiogenesis.  

In turn, Colombo et al. (2013), investigated the process of angiogenesis in 

cutaneous wounds induced on the back of laser- treated rats (660nm, 16mW, 10J/cm2), 

and concluded that laser light contributes positively by increasing angiogenesis. 

Differently, Szymanska et al. (2013), conducted an in vitro study, where they evaluated 

the effects of PBM on endothelial proliferation and expression of VEGF factor, and also 

concluded that laser light stimulates endothelial proliferation, with consequent decrease 

in VEGF, thus suggesting the role of VEGF in the microvascular reestablishment of the 

lesion environment. Our findings corroborate previous studies, showing higher 

percentage of VEGF expression in LG compared to CG. In addition, it is important to 
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note that this fact was evidenced on the eleventh day of treatment, when the laser light 

was able to stimulate the release of growth factors, particularly the VEGF, in the period 

comprising the transition between the inflammatory and proliferative phases. These 

results corroborate with the findings of Fiorio, et al. (2017), which observed that PBM 

stimulated further release of VEGF at the seventh day of treatment. 

 Interestingly, angiogenesis in addition to restoring the oxygen and nutrients 

level to the newly formed tissue through a high metabolic demand, directly favors the 

protein synthesis, since it is interconnected to the processes of cell proliferation and 

migration, which includes the presence of fibroblasts, responsible for synthesize or 

collagen. 

Of the factors evaluated in the proliferative phase, we emphasize that the 

synthesis of collagen, key protein for the restoration and elasticity of the new dermis, is 

indispensable for understanding the evolution kinetics of the healing process. Therefore, 

it is known that the synthesis quality is directly related to both the functional and 

aesthetic results presented by the new tissue. Therefore, the observation of imbalances 

becomes essential, since any intercurrences, such as excessive formations of both 

extracellular matrix and disorganized fibers, may evolve into significant tissue 

adherence frames that prevent the proper physiological functioning of the site [42]. 

Therefore, the evaluation of not only the amount of fibers present in the site but also 

their quality in the environment of the forming dermis is reinforced. 

Gonçalves et al., 2013 report that the maturation of collagen and its 

rearrangement are crucial steps that directly affect the mechanical resistance of the new 

tissue. It occurs with the remodeling and gradual replacement of Type III preformed 

collagen for type I collagen, generating an increase in the molecular interactions 

between the newly formed fibers. Meirelles et al. (2008) report that this maturation can 

be observed with 21 days of treatment with fluency of 20 J/cm2. Brassolatti et al. 2016, 

reported a difference in collagen synthesis at the tenth day of treatment, evidencing an 

early synthesis with improvement in the structural organization of the fibers, when the 

wound was treated with laser light. 

In view of the presented results, it is pertinent to emphasize that the PBM is 

effective in assisting the kinetics of the healing process of cutaneous wounds in rats. All 

the biological events evaluated demonstrate an important interconnection that suggests 

that the benefits of PBM range from the modulation of inflammation to the 

reestablishment of the new tissue, contributing effectively to primordial events such as 
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cell proliferation and differentiation, with consequent increase and structural quality of 

collagen. 

Conclusion 

The use of PBM with 670 nm laser promoted the necessary stimuli for the 

satisfactory evolution of the wound healing process, and led to a structurally adequate 

tissue at the end of the treatment. 
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HIGHLIGTS 

 Photobiomodulation 670nm is able to accelerate the process of wound healing 

 Photobiomodulation resolve the inflammatory process by modulating cytokines 

 Photobiomodulation is able to accelerate the maturation of type I collagen 

 Scientific rigor is needed to define protocols in optimize therapeutic action 
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