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Abstract
The aim of this study was to evaluate the effects of blue light-emitting diode (LED) on the healing process of third-degree skin
burns in rats through clinical and histological parameters. Forty male Wistar rats were divided into two groups: control (CTR)
(n = 20) and blue LED (BLUE) (n = 20), with subgroups (n = 5) for each time of euthanasia (7, 14, 21, and 28 days). LED
(470 nm, 1 W, 12.5 J/cm2 per point, 28 s) was applied at four points of the wound (total, 50 J/cm2). Feed intake was measured
every other day. It was observed that there were no statistically significant differences in theWound Retention Index (WRI) of the
BLUE group in relation to CTR group (p > 0.05) at the evaluation times. After 14, 21, and 28 days, it was observed that the
animals in the BLUE group consumed more feed than animals in the CTR group (p < 0.05). At 7 days, there was a statistically
significant increase in the angiogenic index (AI) in BLUE (median: 6.2) when compared to CTR (median: 2.4) (p = 0.01) and all
animals in BLUE had already started re-epithelialization. This study suggests that blue LED, at the dosimetry used, positively
contributed in important and initial stages of the healing process of third-degree skin burns.
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Introduction

Burns are considered a serious public health problem, causing
approximately 265,000 deaths per year worldwide. They are
one of the main causes of morbidity, prolonged hospitaliza-
tion, disfiguration, and incapacity, often causing great physi-
cal and psychological impact on the victims [1].

Therapies that accelerate the repair process increase
the quality of life of patients and reduce treatment costs
have been the focus of several scientific researches.
Photobiomodulation using LED (light-emitting diode)
is among the therapeutic methods currently tested [2–4].

The complete mechanism of action of photobiomodulation
is not entirely clear, but it is known that light at low intensity
can interact with cells, leading to changes in molecular,

cellular, and tissue levels. Each tissue, however, responds to
this interaction differently [5], since light is absorbed or not by
target tissue molecules that are termed chromophores or
photoreceptors.

Studies have shown that the effects of light on tissues occur
independently of the light coherence, since this property is lost in
the first skin extract before light is absorbed by chromophores
and is therefore not determinant for the treatment result [6, 7].

The biological effects promoted by this therapy in the re-
pair process found in literature are related to the attenuation of
the inflammatory response [4, 8], increased proliferation of
fibroblasts [9], stimulation of angiogenesis [7, 10], increased
synthesis of collagen [3, 11], stimulus to re-epithelialization
[12], and analgesic effects [13, 14].

Although blue LED (400–470 nm) has tissue penetration of
approximately 1 mm, targeting the deep epidermis [15], re-
search has evaluated the in vivo effects of this light on the
healing process of third-degree skin burns [16, 17].

Therefore, the aim of this study was to evaluate the
effects of blue LED photobiomodulation on the healing
process of third-degree skin burns in rats through clin-
ical and histological parameters.
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Materials and methods

Animals

Forty healthy Wistar rats aged 60–90 days, weighing between
200 and 250 g, from the animal facility of the Faculty ofMedical
Sciences (FCM), Campina Grande, Paraíba, Brazil, were select-
ed. Animals receivedwater ad libitum, standardized feed, and the
temperature in the animal facility was 12 h of light/dark cycle.
This research was approved by the Committee of Ethics on
Animal Use (CEUA) of the Center for Higher Education and
Development (CESED) (protocol number 6809092016) and
respected standards issued by the National Council for the
Control of Animal Experimentation—CONCEA. Animals were
divided by simple randomization into two experimental groups:
control group (CTR) (n = 20) and LED group (BLUE) (n= 20),
with subgroups of five rats for each time of euthanasia (7, 14, 21,
and 28 days after burn).

Anesthesia/trichotomy/burn

All animals were anesthetized with an anesthetic associa-
tion of 100 mg/kg of 10% ketamine (Cetamin®, Syntec,
Santana de Parnaíba, SP, Brazil) and 5 mg/kg of 2%
xylazine (Dopaser®, Hertape, Juatuba, MG, Brazil), ap-
plied in the intraperitoneal region with insulin syringe.
Once the deep anesthetic plane was established, the ani-
mal was placed in the ventral decubitus position and
tricotomy was performed in the dorsal region, using a
razor blade, needle holder, and 4% chlorhexidine
digliconate solution (Riohex® 4%, Rioquímica, São José
do Rio Preto, SP, Brazil). Burn was performed by a single
calibrated operator with a flat active tip metal instrument
measuring 1 cm3. The instrument was heated by direct
contact with the blue flame of a torch for 40 s and then
touched against the skin of the animal’s back for 20 s,
according to methodology of Meyer and Silva [18], mod-
ified by Catão et al. [3]. Third-degree skin burns were
confirmed by complete destruction of epidermis and der-
mis in tissue sections stained with hematoxylin and eosin
(HE), as previously reported by Catão et al. [3].

LED application

The Easy Bleach® equipment (Clean Line Indústria e
Comércio de Produtos Odontológicos LTDA, Taubaté, São
Paulo, Brazil) was used. LED was continuously applied
(470 nm, 1 W, 12.5 J/cm2 per point, 28 s) in contact with four
points coincident with the wound angles (total, 50 J/cm2),
daily except for days of animal’s euthanasia. The CTR group
received no treatment.

Feed intake

Feed intake was calculated by the difference of its weight
between two consecutive days, through an analytical scale.
Every 2 days, during the evaluated times, the box with the
animals received an amount of 200 g ± 5 g of feed.

Euthanasia/wound retraction index/histological
processing

After the experimental period of each subgroup, animals were
euthanized, housed in a hermetically sealed box containing
cotton soaked with halothane (Tanohalo® 1 mL/mL,
Cristália, Itapira, SP, Brazil). After euthanasia, lesions were
photographed with a digital camera at a standard distance of
15 cm, with the help of a tripod, and the images were analyzed
in the Image J software version 1.50i (National Institutes of
Health, Bethesda, MD, USA). The wound was carefully
circumvented by a single evaluator, and the WRI was calcu-
lated by the following equation: WRI (%) = initial area − area
on the day of euthanasia ÷ initial area × 100. The specimen
was removed with a scalpel with a safety margin of at least
0.5 cm. After fixation in 10% formalin, the sample was in-
cluded in paraffin and submitted to cuts of 3 μm thickness.
Subsequently, tissue sections were extended on glass slides
and submitted to routine HE-staining methods.

Histological evaluation

Two previously calibrated and blinded examiners evaluated
the degree of wound re-epithelialization according to criteria
adopted byMeireles et al. [19] (Table 1). The parameters used
for histological evaluation of the inflammatory response in-
tensity in the wound areas were based on the study of Souza
et al. [20] (Table 2). The angiogenic index (AI) was measured
by counting vessels in five fields (× 400 magnification) of
greater vascularity per specimen [7]. Each of these areas was
photomicrographed (ICC 50HD, Leica Microsystem Vertrieb
GmbH, Wetzlar, DE) and the images obtained were counted
with the help of the Image J software version 1.50i (National
Institutes of Health, Bethesda, MD, USA). Subsequently, the
mean number of vessels was established for each animal. The
granulation tissue formation and collagen deposition of each
subgroup were descriptively analyzed.

Statistical analysis

The distribution of feed intake, WRI, and AI data were eval-
uated by the Shapiro-Wilk test, which indicated the absence of
a normal distribution. Thus, the non-parametric Mann-
Whitney U test was used to compare the median number of
feed intake, WRI, and AI, considering a level of significance
of 5% (p < 0.05). Re-epithelialization and inflammatory
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response data were descriptively analyzed. The IBM® SPSS
Statistics software (version 20.0; IBM Corp., Armonk, NY,
USA) was used for analyses.

Results

Wound retraction index (WRI)

There were no statistically significant differences in WRI be-
tween BLUE and CTR groups at 7 (p = 0.28), 14 (p = 0.53),
21 (p = 0.83), and 28 days (p = 0.57) (Table 3). The clinical
aspects of burn retraction of both groups at the times evaluated
can be seen in Fig. 1.

Feed intake

It was observed that animals from the BLUE group consumed
more feed than those from the CTR group, with a statistically
significant difference at 14 (p < 0.01), 21 (p = 0.01), and
28 days (p < 0.01) (Table 4).

Re-epithelialization

Seven days after burn, wound re-epithelialization (score 1)
was observed in 100% (n = 5) of animals from the BLUE
group, whereas in CTR, in 60% (n = 3) of cases, this process
had not started (score 0). At 14 days, score 1 was observed in
100% (n = 5) in the CTR group and in 80% (n = 4) of animals
in the treated group, a more advanced re-epithelialization
stage was observed (score 2). In 21 days, it was observed that
score 2 was predominant in 60% (n = 3) and 80% (n = 4) of
cases, in CTR and BLUE groups, respectively. In the last

evaluation period, 28 days, while 80% (n = 4) of wounds were
completely re-epithelialized in the CTR group (score 4), in the
BLUE group, all cases (n = 5) remained in score 2 (Fig. 2a). In
wounds with epithelial discontinuity, presence of serohematic
crust of variable thickness covering the region was frequently
observed.

Granulation tissue/inflammatory infiltrate

At 7 days, both groups presented predominance of acute
(score 5) and subacute inflammatory response (score 4)
(Fig. 2b), with inflammatory infiltrate present throughout the
wound region. Dilatation of arterioles and venules could be
observed, as well as degeneration of muscle fibers (Fig. 3a, b).

Fourteen days after the burn, there was predominance of
subacute inflammatory response (score 4) in both groups, with
presence of neutrophils mainly in superficial areas of the le-
sion. In BLUE, 40% (n = 2) of animals presented moderate
chronic inflammatory response (score 2) (Fig. 2b). Exuberant
granulation tissue was observed in both groups, with young
fibroblasts and newly formed blood vessels amid an extracel-
lular matrix composed of thin and elongated collagen bundles.

At 21 days, moderate inflammatory infiltrate was observed
in both groups (Fig. 2b and 3c, d). Compared to 14 days,
collagen fibers were thicker and more densely organized.

In the last evaluation period, 28 days, both groups present-
ed predominance of chronic inflammatory infiltrate of mild
intensity (score 1) (Fig. 2b and 3e, f). In 60% (n = 3) of
BLUE cases, the connective tissue had much resemblance to
the tissue found at 21 days, with predominance of thinner
collagen fibers and cells more randomly arranged in the ex-
tracellular matrix.

Table 2 Description of parameters used to evaluate the intensity of the inflammatory response in wound areas, according to Souza et al. [20]

Score of the
inflammatory response

Semiquantification of
the inflammatory response

Classification of the inflammatory response

0 Absent Absent

1 Mild Chronic (predominance of lymphocytes and histiocytes)
2 Moderate

3 Intense

4 Intense Subacute (balance of neutrophils, lymphocytes, and histiocytes)

5 Intense Acute (predominance of neutrophils)

Table 1 Criteria used for the
microscopic analysis of the
wound re-epithelialization area,
according to Meireles et al. [19]

Scores

Re-epithelialization Absent (0) Present, covering < 50% of the wound (1)

Present, covering > 50% of the wound (2)

Present, covering 100% of the wound, with irregular thickness (3)

Present, covering 100% of the wound, with regular thickness
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Angiogenic index (AI)

At 7 days, there was a statistically significant increase of AI in
the BLUE group (median: 6.2, range: 4.6–9.8) when com-
pared to CTR group (median 2.4, range 0.6–8.6) (p = 0.01)
(Fig. 3a, b). At the other evaluation times, there were no sta-
tistically significant differences between groups (p > 0.05)
(Fig. 4). At 14 days, the AI of the BLUE group (median
4.80, range 0.6–7.8) was higher than that of the CTR group
(median 4.2, range 3.0–5.4) (p = 0.83). After 21 days, the AI
of both groups assumed equal values: BLUE (median 5.2,
range 2.8–9.4) and CTR (median 5.2, range 2.4–9.8) (p =
1.00). At 28 days, the BLUE group presented lower AI (me-
dian 3.2, range 2.4–8.8) when compared to the CTR group
(median 3.8, range 1.8–7.2) (p = 0.83).

Discussion

The introduction of LED phototherapy has reduced some con-
cerns previously associated with lasers, simplifying, for exam-
ple, photobiomodulation in large skin areas [21] and reducing
acquisition and treatment costs, since LEDs are generated in
cheaper devices [22].

In this study, it was observed that blue LED stimulated the
proliferation of blood vessels in the period of 7 days. Other
studies that evaluated the effects of LED on angiogenesis during
the repair process of skin burns have not been found in literature;

however, it has been reported that photobiomodulation influ-
ences endothelial cell proliferation [23]. Dungel et al. [24] ob-
served that low-intensity light therapy with LED of different
wavelengths (blue and red) induces angiogenesis and improves
the healing of ischemic wounds.

When analyzing the wound 7 and 14 days after the burn,
negative WRI was found in both groups. This is possibly due
to the interstitial edema generated, which increases the mac-
roscopic dimensions of wounds, as pointed out by Catão et al.
[3]. At 21 and 28 days, wounds were observed to regress, with
no statistically significant difference between groups, possibly
due to the transformation of fibroblasts into myofibroblasts, in
addition to reduction of edema and vascularization.

The key phenomenon of wound contraction is the phenotypic
differentiation of preexisting fibroblasts in myofibroblasts char-
acterized by the expression of smooth muscle α-actin (α-SMA),
which gives these cells the property of contracting and, conse-
quently, contracting the tissue. It usually occurs from the second
week of healing, where fibroblasts become the most numerous
populations of cells in the granulation tissue [25, 26].

Fekrazad et al. [17] studied the effects of blue LED
(405 nm, 1.5 J/cm2, 21 days) on the healing of third-degree
burns in rats and found no statistically significant differences
in wound retraction between treated and control groups.

Sousa et al. [9] histologically evaluated fibroblastic prolif-
eration in dorsal cutaneous wounds of rats daily treated with
LED of three wavelength (red, green, and blue) for 7 days and
observed that blue LED (460 ± 20 nm, 22 mW, 10 J/cm2)

Table 3 Wound Retraction Index
(WRI) values of both groups at
different evaluation times

Group Median Minimum Maximum 95% Confidence interval p*

Minimum Maximum

CTR 7 − 40.00 − 60.00 − 33.00 − 54.49 − 37.50 0.28
BLUE 7 − 53.00 − 122.00 − 24.00 − 86.49 − 36.30
CTR 14 − 17.00 − 84.00 27.00 − 72.82 27.62 0.53
BLUE 14 − 36.00 − 70.00 − 6.00 − 70.34 − 4.05
CTR 21 77.00 61.00 92.00 62.02 94.37 0.83
BLUE 21 81.00 − 34.00 94.00 − 36.69 121.09

CTR 28 96.00 83.00 100.00 85.40 102.99 0.57
BLUE 28 100.00 82.00 100.00 86.22 105.77

*p < 0.05 for statistically significant differences

Fig. 1 Clinical regression of
wounds up to 28 days after burn
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showed no significant increase in fibroblast proliferation when
compared to control, unlike the other two wavelengths.

In vitro studies [27–29] have pointed out that blue LED can
dose dependently inhibit the proliferation and the migration
rate of dermal fibroblasts. However, further in vitro and
in vivo studies are needed to elucidate the subject.

Adamskaya et al. [12] investigated the in vivo effects of
blue LED (470 nm, 1 W, 50 mW/cm2) on cutaneous wounds
of rats and found that light significantly reduced wound size
within 7 days and strongly stimulated re-epithelialization. The
findings in the present study suggest that re-epithelialization
in treated animals was stimulated by LED in the first days,
since re-epithelialization began in all wounds in animals from
the BLUE group in 7 days.

It is important to note that the contrasting phototherapy
results found in literature can be justified by the lack of

standardization of protocols, since studies use different equip-
ment, doses, wavelengths, irradiation times, and potencies,
which makes it difficult to compare results. The biological
effects are dependent on the application parameters, especially
the light wavelength and applied dose, thus highlighting the
importance of determining an appropriate protocol before any
treatment [30].

The higher feed intake in treated groups observed in this
study may suggest possible analgesic and anti-inflammatory
effects of LED, since all animals (CTR and BLUE) were stan-
dardized for sex, age, weight, and kept under the same hous-
ing conditions. Similar reports were pointed out by Catão et al.
[3], when evaluating the effects of Lasers and green LED on
the healing of third-degree skin burns. Studies have shown
that phototherapy can inhibit the expression of the cyclooxy-
genase 2 enzyme (COX-2), thus preventing the release of

Table 4 Comparison of feed
intake (grams) per animal be-
tween experimental groups at
different evaluation times

Group Median Minimum Maximum 95% Confidence interval p*

Minimum Maximum

CTR 7 33.24 30.36 33.75 30.73 34.16 0.27
BLUE 7 37.79 31.64 40.38 32.38 40.81

CTR 14 31.63 29.22 34.32 29.73 33.45 < 0.01
BLUE 14 40.05 40.02 40.39 39.96 40.31

CTR 21 36.56 31.05 40.00 33.94 38.17 0.01
BLUE 21 39.99 32.60 40.60 37.00 40.90

CTR 28 32.51 28.03 35.66 30.85 33.37 < 0.01
BLUE 28 40.10 40.00 40.06 40.06 40.33

*p < 0.05 for statistically significant differences

Fig. 2 Re-epithelialization and
intensity of the inflammatory
response in burns of both
experimental groups at different
euthanasia times (7, 14, 21, and
28 days). a Absolute distribution
of cases regarding the re-
epithelialization scores of
wounds. b Absolute distribution
of cases regarding the intensity of
the inflammatory response in
burns
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Fig. 3 Histological evaluation of
wounds in different periods. a
Wound of CTR group in 7 days
with the presence of
inflammatory infiltrates
(neutrophils, lymphocytes, and
histiocytes) and onset of re-
epithelialization (HE, × 200) b
BLUE group in 7 days, showing a
greater number of blood vessels
and presence of inflammatory in-
filtrate (neutrophils, lymphocytes,
and histiocytes) (HE, × 200). c
Wound in re-epithelialization
process of CTR group after
21 days with the presence of
serohematic crust, blood vessels,
and inflammatory infiltrate (HE ×
200). d BLUE wound appearance
in 21 days with blood vessels ar-
ranged in connective tissue and
chronic inflammatory infiltrate
(HE × 200). e Complete wound
re-epithelialization in CTR after
28 days of injury with small blood
vessels and small numbers of in-
flammatory cells in the connec-
tive tissue (HE × 200). f Absence
of complete re-epithelialization in
BLUE in 28 days, and blood
vessels of larger diameters in the
connective tissue (HE × 200)

Fig. 4 Box-plot graph of the
angiogenic index in third-degree
skin burns of both groups at dif-
ferent evaluation times
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prostaglandins, generating relief from symptoms of inflamma-
tion and pain [31, 32]. Despite these findings, since calorie
consumption is directly related to weight and can also contrib-
ute to the healing process, it would be important to assess the
weight of each animal during the entire experimental period to
calculate the exact feed intake. This is a limitation of the pres-
ent study that should be addressed.

Considering the limitations of the histochemical techniques
used in this study, future studies should be carried out in order
to evaluate in more detail the photobiomodulatory effects of
blue LED on the repair process of third-degree skin burns.

Conclusion

Based on the findings of this study, it is suggested that blue
LED has stimulated important steps in the healing of third-
degree skin burns, such as re-epithelialization and angiogene-
sis in the initial periods, accompanied by possible analgesic
effects. However, future studies are needed to more clearly
understand the photobiomodulatory effects of blue LED in
the repair process of these lesions.
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