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Abstract The aim of this study was to evaluate the effects of
red laser, infrared, photodynamic therapy, and green light-
emitting diode (LED) on the healing process of skin burns
through clinical and histopathologic analysis in rats. For this,
100 animals were randomly divided into five groups: G1—
untreated control (CTR), G2—red laser (LVER), G3—infra-
red (LINF), G4—photodynamic therapy (PDT), and G5—
green LED. Burn was induced on the dorsum of the rat and
the treatment of the experimental groups was red light (10 J/
cm2, 10 s, 40 mW, and λ660 nm), infrared (10 J/cm2, 10 s,
40 mW, and λ780 nm), green LED irradiation (60 J/cm2, 10 s,
λ520, and 550 nm), and photodynamic therapy (10 J/cm2,
40 mW, and λ660 nm), the latter combined with methylene
blue photosensitizer at concentration 0.5 μg/mL. Applications
were performed daily until day prior to sacrifice of the animal
at 3, 7, 14, and 21 days with intraperitoneal anesthetic over-
dose. The specimens collected were clinically examined and
soon after processed and stained with hematoxylin-eosin and
Picrosirius for analysis under light and polarized light micros-
copy, respectively. Animals treated with LVER, LINF, PDT
(p<0.001), and LED (p<0.05) stimulated production and
maturation of collagen, and increased the consumption of food
and water compared to the CTR (p<0.001). Laser λ660 nm
and λ780 nm showed the largest wound reductions in all

groups (p=0.001). In conclusion, red laser, infrared, photody-
namic therapy, and green LED favored the healing process of
third-degree burns in rats.
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Introduction

A burn is a type of open wound in which the healing process
occurs by secondary intention [1], resulting in loss of body
fluids, inflammation, swelling, infection, pain, and shock, all
these factors can result in death [2–5].

In third-degree burns, the lesion affects the entire skin
thickness, involving the epidermis and dermis, and, in some
cases, reaches the subcutaneous tissues, muscles, and bones.
They may have white or brown appearance, or have leather
texture [6–8].

One of the treatments shown in literature to accelerate the
healing process of burns is the laser therapy [6, 9–17] and
more recently photodynamic therapy (PDT) [13, 18] and
light-emitting diodes (LEDs) [19–22]. The first studies were
conducted by Mester and colleagues, who observed that laser
application is capable of modulating biological processes, in
particular, to stimulate tissue regeneration [23].

Low-intensity laser has demonstrated beneficial effects on
the healing process of burns, acting in the inflammatory
infiltrate, re-epithelialization, collagen formation and matura-
tion in addition to its analgesic and anti-inflammatory action
[6, 9–11, 14, 15, 24]. However, there is still a lack of stan-
dardization in the choice of the optimum wavelength, power,
frequency, and energy density associated with the optical
properties of the irradiated tissue [25, 26].
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The aim of this study was to evaluate the effects of red
laser, infrared, PDT, and green LED on the healing process of
skin burns through clinical and histopathologic analysis in
rats.

Material and methods

Animals

In this study, 100 male Wistar rats weighting 200 to 250 g
from the animal sector of the Department ofMedicine, Federal
University of Campina Grande, were used and kept in poly-
propylene cages lined with shaving bedding and submitted to
controlled temperature (23±2 °C) and lighting (12 h of light/
dark cycle) with food and water ad libitum. The animals were
randomly divided into five groups: G1—untreated control
(CTR), G2—red laser (LVER), G3—infrared (LINF), G4—
photodynamic therapy (PDT), and G5—green LED, each
group of 20 animals was divided into subgroups of five
animals for each time of 3, 7, 14, and 21 days of sacrifice.
This study was approved by the Ethics Committee on Animal
Use (CEUA)/CESED (protocol no. 0019/240712).

Food and water consumption

Analytical scales were used to control animal weight and food
consumption, in addition to a water bottle for rats in order to
calculate the amount of water consumed. The animals were
weighed before each experiment and each cage received a
daily amount of 200 g of diet and 250 mL of water. The feed
intake was calculated as the difference of weight between two
consecutive days, while water intake was quantified with a
measure cylinder, and the consumption was calculated by the
difference between two consecutive days.

Burn

The animals were anesthetized with an anesthetic combination
of 100 mg/kg of 10 % ketamine (Cetamin ®, Syntec, São
Paulo, SP, Brazil) and 5 mg/kg of 2 % Xilazyna (Dopaser ®,
Syntec, São Paulo, SP, Brazil) applied to the intraperitoneal
region; then, the back of the animal was shaved with a dis-
posable razor blade associated with water and mild soap. Burn
was induced on the dorsum of all animals with a 1.0×1.0×
1.0 cm3 iron, which was heated with the aid of a torch until it
was red hot. The heating was due to the blue flame of a
torch in direct contact with the iron for 40 s. When reaching
this state, the instrumental was immediately pressed
against the back of the animal, remaining for 20 s, burning
the skin.

Pilot study

Two animals were randomly selected in order to define burn
type and standardization. Both animals were anesthetized and
shaved, and the metal instrument was heated in torch for 40 s,
differing in skin burn time, 20 and 30 s, respectively. After
microscopic analysis of the slides stained with hematoxylin
and eosin, the time of 20 s was chosen, in which the complete
destruction of the epidermis and dermis, characteristic of
third-degree burn, was observed.

Light irradiation

In the irradiation LVER (InGaAIP/λ660 nm), LINF (AsGaAl/
λ780 nm), and PDT groups (InGaAIP/λ660 nm), low-
intensity laser was used (MMO TWIN FLEX Evolution®,
São Carlos, Brazil) with dose, power, time, and total energy
of 10 J/cm2, 40 mW, 10 s, and 0.4 J, respectively, and LED
irradiation (KONDORTECH, São Paulo, Brazil) with 60 J/
cm2, 60 mW, 10 s, total energy of 0.6 J, and λ520 to 550 nm/
InGaN. Irradiation was applied immediately after burn in a
timely manner in the four points coinciding with the wound
angles, depositing an amount of 10 J/cm2, totaling 40 J/cm2

per session in LVER, LINF, and PDT groups, while LED was
applied at 60 J/cm2, totaling 240 J/cm2 at each point.
The applications were performed daily, except on the
day of sacrifice of the animal, where no irradiation was
performed. In the PDT group, drops of methylene blue
photosensitizer were used daily for 5 min before irradi-
ation of light λ660 nm; the methylene blue concentration was
0.5 μg/mL, as concentrations above 1 μg/mL are toxic to the
skin [27].

Euthanasia of animals and wound retraction index

After the experimental period for each subgroup (3, 7, 14, and
21 days), the animals were submitted to new peritoneal anes-
thesia in amount three times higher than that used in the first
time: 300 mg/kg of 10 % ketamine (Cetamin ®, Syntec, São
Paulo, SP, Brazil) and 15 mg/kg of 2 % Xilazyna (Dopaser ®,
Syntec, São Paulo, SP, Brazil). After euthanasia, the
wound retraction index (WRI) was calculated with the
aid of digital calipers according to the formula: WRI
(%)=initial area−area of sacrifice day÷initial area×100.
The initial area was 1 cm2 and the area of sacrifice day
was calculated by the square of the radius multiplied by
pi (r2π).

Histological processing

After death confirmation evidenced by cessation of vital signs
and corneal opacification, the specimen was removed. Using a
scalpel, the wound was excised with a safety margin of 0.5 cm
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and packaged in plastic container containing 10 % formalde-
hyde. After the fixation period, the specimen was processed
according to routine hematoxylin-eosin (HE) and Picrosirius
methods.

Morphological aspects of inflammatory cells and collagen
fibers

In the HE morphological analysis, inflammatory cells were
described in treatment groups within the same sacrifice
times. Histological sections stained with Picrosirius and
analyzed under polarized light were used for descriptive
and quantitative analysis of collagen deposition. Colla-
gen fibers were classified according to their birefrin-
gence pattern (greenish/yellow-greenish or orange), mor-
phological appearance (wavy or stretched, thick or thin,
short or long), and disposition (reticular, parallel, or
interlaced).

Quantitative analysis of the collagenization area

The area occupied by collagen deposition in the wound was
quantified by optical density of the image analysis system in
eight microscopic fields for each slide with ×100 amplifica-
tion. The system consists of a CCD Sony DXC -101 video
camera applied to an Olympus CX31microscope, fromwhich
the images were sent to a monitor (Sony Trinitron). Through a
scanning system (Olympus C-7070WideZoom), images were
loaded into a computer (Pentium 133 MHz) and processed
using the ImageTool software, which provided the interpreta-
tion and values corresponding to the measurement of collagen
fibers through quantifying their original measures,
transforming the measure of the scanned image (pixel) into
micrometered measure using a 50-μm bar. The thresh-
olds for collagen fibers were established for each blade
after increasing the contrast up to a point at which the
fibers were easily identified as birefringent (collagen). The
area occupied by the fibers was determined by thresholds of
the different densities of collagen colors and highlighted by a
selection tool.

Statistical analysis

Statistical analysis used the Shapiro-Wilk test to verify data
normality, with significance level of 5 % for the differences
observed when p<0.05. The statistical significance of the
collagenization area and quantitative analysis of water con-
sumed were evaluated by analysis of variance (ANOVA) with
Tukey and Bonferroni post tests, respectively, except for water
consumption at 21 days, feed consumption, and WRI calcu-
lation at 3, 7, and 21 days, which used the Kruskal-Wallis test.
The WRI in 14 days was evaluated by ANOVA with Tukey
post test.

Results

Wound retraction index

In 3 days, the WRI of LVER (median, −53 %), LINF (−53 %),
and PDT (−76 %) groups was higher than in the CTR group
(−154 %) (p=0.012). In 7 days, LVER (median, −53 %), LINF
(median −53 %), and PDT groups (−76 %) showed greater
wound retraction (p=0.004) compared to CTR group
(−124 %). In 14 days, the WRI of LINF (mean 0.4±22.9 %),
LVER (mean 7.8±14.1 %), LED (−9.6±15.4 %), and PDT
groups (1.0±14.3 %) were higher (p=0.002, p=0.0001, p=
0.013, and p=0.002, respectively) than the CTR group (−49±
18.2 %). In 21 days, the LINF group (median 87 %) showed the
largest wound retraction (p=0.001) when compared to LVER
(median 72%), PDT (72%), CTR (5%), and LEDgroups (5%),
and LVER (72 %) and PDT groups (72 %) had higher WRI (p=
0.001) than CTR (5 %) and LED groups (5 %) (Figs. 1 and 2).

Food and water consumption

In 3 days of treatment, there was no difference in food and water
consumption between groups. At 7 days, the LINF (mean,
43.71±2.21 mL) and PDT groups (42.28±3.19 mL) ingested
larger amount of water (p=0.001) compared to LED (18.85±
4.63 mL) and CTR groups (36.71±1.25 mL); the LVER group
(mean 39.28±0.75 mL) ingested larger amount of water (p=
0.013) compared to the CTR group (mean 36.71±1.25 mL).
Food intake did not differ between groups. In 14 days, LVER
(median 23 g), LINF (24.5 g), PDT (23 g), and LED groups
(21.5 g) consumed higher amount of food (p=0.02) compared to
CTR group (median 18 g). Animals treated with LINF (mean,
43.71±1.89 mL) and PDT (mean, 42±2.48 mL) had higher
water consumption (p<0.001) compared to LED (38.64±
2.13 mL) and CTR groups (mean, 37±1.17 mL). The LINF
group (mean, 43.71±1.89 mL) ingested larger amount of water
(p<0.001) than the LVER group (mean, 40.28±1.38 mL). The
LVER group (mean, 40.28±1.38 mL) ingested larger amount of
water compared to CTR (1.17±37 mL) and LED groups (38.64
±2.13 mL), p<0.001 and p=0.032, respectively. Furthermore,
the LED group consumed larger amount of water compared to
CTR group (p=0.032). After 21 days, the LVER (median 25 g)
LINF (26 g), and PDT groups (25 g) consumed larger amount of
food (p=0.001) compared to CTR group (mean 20 g), while
LVER (median 40 mL) LINF (43 mL), PDT (41 mL), and LED
groups (39 mL) ingested larger amount of water (p<0.001)
compared to the CTR group (median 38 mL).

Inflammatory infiltrate

In the morphological analysis in 3 days, groups revealed
inflammatory infiltrate composed of neutrophils that
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permeated the muscle fibers in the wound margins. In the
central portion of the burn, the inflammation was predomi-
nantly lymphocytic and limited to the hypodermic loose fi-
brous connective tissue, and a prominent vascular dilatation
(arterioles and venules), sometimes associated with leukocyte
margination (Fig. 3a).

In 7 days, the groups exhibited predominantly neutrophilic
inflammatory infiltrate located both in the margins and at the
central portion of the wound. In the latter region, the inflam-
matory infiltrate was limited to hypodermic loose fibrous
connective tissue (Fig. 3b). As identified in the 3-day period,
significant dilation of arterioles and venules was observed,
with occasional leukocyte margination.

After 14 days, groups showed inflammatory infiltrate com-
posed of lymphocytes, macrophages, and neutrophils, the
latter predominated on the surface areas of the wound. Both

on the margin as in the central areas of the wound, it was
possible to detect the presence of exuberant granulation reac-
tion with newly formed blood vessels and young fibroblasts
arranged amid an extracellular matrix composed of slender
and elongated collagen bundles (Fig. 3c). Burns were covered
by serohematic crust of variable thickness and exhibited re-
epithelialization in early stages.

In 21 days, the groups showed inflammatory infiltrate
composed of neutrophils, lymphocytes, and macrophages,
with predominance of themononuclear component. The entire
length of the wound showed exuberant granulation reaction
with newly formed blood vessels, and young fibroblasts ar-
ranged amid an extracellular matrix composed of collagen
bundles, sometimes short, sometimes elongated, with varied
thicknesses (Fig. 3d). Compared with the 14-day period,
collagen fibers were thicker andmore densely arranged. Burns
were covered by serohematic crust of variable thickness and
exhibited re-epithelialization in early stages.

Collagen quantification using polarized light

At 3 and 7 days, there was no collagen formation in the
treatment groups. In 14 days, the LINF group exhibited a
larger area of collagen formation compared to CTR and
LED (p<0.001) and to PDT and LVER (p<0.05), while
LVER and PDT groups showed greater area of collagen
formation (p<0.05) in relation to CTR (Fig. 4a). At 21 days,
the LINF group showed larger area of collagen formation in
relation to CTR, LVER, LINF, and PDT groups (p<0.001),
and the LVER group showed area of collagen formation much
larger (p<0.001) compared to CTR and LED (Fig. 4b).

Fig. 1 Skin burn of rats
according to treatment group and
sacrifice times
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Fig. 2 Wound retraction index of each treatment group during sacrifice
times. Significant difference among LVER, LINF, and PDT groups and
CTR (*p=0.006). Significant difference between LVER, LINF, and PDT
groups (**p=0.0004). Significant difference among LVER, LINF, PDT,
and LED groups and CTR (***p=0.002, ***p=0.001, ***p=0.002, and
***p=0.013, respectively). Significant difference between LINF and
LVER, PDT, LED, and CTR (****p=0.001) and between PDT, LED,
and CTR (****p=0.001)
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Morphological description of collagen using polarized
light

In 14 days, collagen fibers in CTR (Fig. 5a), LVER (Fig. 5b),
LINF (Fig. 5c), PDT (Fig. 5d), and LED (Fig. 5e) groups
showed, according to their birefringence pattern, predomi-
nance of type I collagen in LVER, LINF, PDT, and LED
groups (n=3 rats/60 %), while the CTR group showed type I
collagen in 20 % of animals (n=1 rat). Regarding morpholog-
ical appearance and disposition, there were no variations in
descriptions. All animals showed wavy, thin, short, and retic-
ular collagen fibers.

Panels f to j of Fig. 5 show collagen formation in 21 days in
CTR, LVER, LINF, PDT, and LED groups, respectively. At
this time, LVER, LINF, PDT, and LED groups showed, in
relation to their birefringence pattern, predominance of type I

collagen in all animals, and the CTR group showed type I
collagen in 60 % of animals (n=3 rats). The morphological
appearance and disposition of collagen fibers in LVER and
PDT groups were drawn, thick, long, and reticular in three
animals (60 %); in LINF and LED groups, 20 % of animals
showed this feature and the CTR group showed in all rats,
wavy, thin, short, and reticular fibers (100 %).

Discussion

Despite divergences among researchers [25, 26, 28, 29], laser
therapy has been proposed as one of the treatment modalities
for soft tissue injuries, mainly due to its biostimulant proper-
ties that can accelerate the healing process of burns [6, 14, 15].
In the present study, LVER, LINF, PDT, and LED groups

Fig. 3 Histological sections of
CTR (a), LINF (b), LVER (c),
and LED (d) groups at 3, 7, 14,
and 21 days, respectively (HE,
×100). Photomicrographs a and b
show in detail the inflammatory
infiltrate composed of neutrophils
that permeated the muscle fibers
at the wound margin, and in c and
d, the predominance of
lymphocytes, macrophages, and
neutrophils (HE, ×400)

Fig. 4 Collagenization areas formed at 14 days (a) and 21 days (b) by
CTR, LVER, LINF, PDT, and LED groups. Significant difference with
CTR (*p<0.05). Significant difference between CTR and LED groups
(**p<0.001). Significant difference between PDT and LVER

(***p<0.05). Significant difference with CTR (#p<0.05). Significant
difference between LED and CTR (****p<0.001). Significant difference
with CTR, LVER, PDT, and LED (αp<0.001). Significant difference
with CTR (*#p<0.001). Significant difference with CTR (**#p<0.01)
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consumed greater amount of water and food in relation to
CTR group. This result is possibly due to the analgesic effect,
since all animals were of the same sex, race, and range weight,
from the same location and kept under the same temperature
and lighting conditions. Immunohistochemical studies claim
that laser therapy inhibits the expression of the enzyme
cyclooxygenase-2 [29], preventing the conversion of arachi-
donic acid into prostaglandin [30].

The mechanism of action of LVER and PDT is through the
mitochondria, which can promote tissue biomodulation by
increasing the respiratory chain and adenosine triphosphate
synthesis, favoring the healing process through cellular pro-
liferation, production of nucleic acids, collagen synthesis, and
reducing inflammation [13, 31]. On the other hand, the use of
LINF and LED also showed similar results, being the process
in operation at the level of cell membrane [31, 32].

In theWRI analysis, negative values were observed mainly
in 3 and 7 days possibly due to interstitial edema, which
increases the macroscopic dimensions of the wound. In the
other times, the increased wound retraction is probably the
result of myofibroblastic differentiation. Ribeiro et al. [14]
reported that LVER and LINF stimulate and increase of
myofibroblasts in the burn, suggesting the transformation of
fibroblasts into myofibroblasts in the early stages.

LINF has the highest skin penetration power compared to
the other groups [33]. This feature may have influenced in the
more rapid replacement of collagen fibers from type III to type
I and significant collagen formation in 14 and 21 days com-
pared to CTR. Studies have shown the benefits of LVER [6,
9–11, 14, 15], LED [18–20], LINF [12, 24, 33–35], and PDT
[13] in the healing of burns. In agreement with these findings,
it has been reported that laser therapy is able to regulate the
release of cytokines responsible for fibroblast proliferation
and collagen synthesis, such as fibroblast growth factor alpha
(FGF-α) and transforming growth factor beta (TGF-β),
respectively [36, 37].

It was observed that the daily dose of 40 J/cm2 applied at
21 days in LVER and LINF groups was effective in stimulating
fibroblasts in collagen formation and wound retraction, contradic-
ting studies that claim that doses above 38 J/cm2 have inhibitory
effects [13]. Probably, this difference in the efficiency of the light–
tissue interaction is due to the lack of standardization in the choice
of wavelength, power, frequency, and energy density associated
to the optical properties of the irradiated tissue [25, 38].

A significant amount of collagen formed in 21 days by the
LVER and LINF groups can be confused with the formation
of hypertrophic scars [39]. However, during the morphologi-
cal analysis, the formation of the final healing process phase
(maturation or remodeling) was not observed [40, 41]. Thus, it
was observed in this study that the collagen synthesis formed
no scars and is the result from the acceleration of the healing
process. The partial re-epithelialization observed in this study
is justified by authors who showed that LVER [10, 15] and
LINF [15] irradiation in third-degree burns for 21 days fa-
vored the healing process. However, there was no complete
re-epithelialization, probably due to the short monitoring time
in the repair process for this type of injury.

There are few studies on the role of PDT on the healing
process of burns, especially when red light is used on methy-
lene blue diluted to nontoxic concentrations (0.5 μg/mL) [27].
Thus, the significant results found in the synthesis, formation,
collagen maturation, and food and water consumption in
relation to CTRmay result from the combination ofmethylene
blue, which binds to the target cell, with the light at wave-
length of 660 nm. In the presence of medium oxygen, photo-
sensitizer is activated and may react with neighboring mole-
cules, leading to the production of singlet oxygen, which
reacts with cellular components, either bacteria or cancer cells,
causing cell damage [42]. This provides certain advantages to
PDT such as noninvasive nature, easy repeatability, and anti-
microbial action [43], as the presence of bacteria in the wound
can delay the healing process [44].

Fig. 5 Photomicrographs of collagenization areas in CTR (a), LVER (b), LINF (c), PDT (d), and LED (e) groups in 14 days and in 21 days for CTR (f),
LVER (g), LINF (h), PDT (i), and LED (j), groups (Picrosirius, ×100, 50 μm)
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Significant collagen formation was observed at 21 days
using green LED compared to CTR, and Taga et al. [45]
reported that LED can stimulate fibroblasts to produce colla-
gen, increasing the mRNA expression of type-I procollagen.
Thus, further studies should be carried out to better understand
the action of green light on the healing process of third-degree
burns, as there are only few studies in literature.

In conclusion, LVER, LINF, PDT, and green LED showed
beneficial effects in accelerating the healing process of third-
degree burns in rats. These groups stimulated fibroblasts in the
production and maturation of collagen, the analgesic effects
probably related to increased water and feed consumption
compared to the CTR group, and higher wound retraction at
21 days in animals treated with LVER and LINF compared to
the other groups.
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