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Abstract

Objective: The study evaluated, by light microscopy, the repair process on third-degree burns on diabetic and
nondiabetic rats, illuminated or not, with a polarized light (PL) source. Background data: Burns are severe
injuries that result in the loss of fluid and destruction of tissue, infection, and shock that may result in death.
Diabetes mellitus is a public health problem that, being uncontrolled, causes severe disturbance to the body
metabolism, including on wound healing. PL sources have been shown to be effective in improving healing in
many situations. Materials and methods: Ninety male Wistar rats were divided into two groups (n¼45): non-
diabetic and diabetic. In one of the groups, diabetes mellitus was induced by streptozotocin. A third-degree
burn, measuring 1.5 · 1.5 cm2, was created in the dorsum of each animal. Phototherapy (k400–2000 nm, 10.2 or
20.4 J/cm2) started immediately after burning and was repeated daily until animal death (7, 14, and 21 days).
Specimens were taken, processed, and stained with H&E and Sirius red and immunomarked with cytokeratin
(CK) AE1/AE3. Descriptive analysis was performed by light microscopy. Results: Animals subjected to pho-
totherapy showed an acceleration of the repair, the dose of 10.2 J/cm2 being the one that caused best results,
including higher deposition of collagen, quicker inflammatory reaction, and improved revascularization.
Conclusions: Our results suggest that the use of PL (10.2 J/cm2) improves the healing of third-degree burns on
both diabetic and nondiabetic animals.

Introduction

Burns are severe injuries that may result in the loss of
tissue fluids, tissue destruction, infection, and shock that

may ultimately result in death. Severe social and psycholog-
ical impairment are also seen in most burn victims.1–4 Wound
healing is an integral part of recovery of critically ill patients.
They often are at risk for impaired healing because of their
compromised body systems and multiple risk factors in-
cluding infection, diabetes, immunosuppression, obesity, and
malnutrition.3

The loss of glycemic control causes impaired wound
healing as a result of several factors, primarily related to
defects in the inflammatory response because of impaired

granulocytic function and chemotaxis.5 Other abnormalities
associated with wound healing of diabetic individuals in-
clude impaired neovascularization, a decreased synthesis of
collagen, increased levels of proteinases, and defective mac-
rophage function. However, the exact mechanisms for im-
paired healing of wounds in diabetics are still poorly
understood.6–8

Alternative light sources have been used to improve
wound healing, and previous reports suggested that polari-
zation is the characteristic of laser light responsible for the
biomodulation; because of that, other polarized light (PL)
sources may also biomodulate biological systems.9

The Bioptron� lamp (Biptron, Wollenrau, Switzerland)
shows 95% polarization, is polychromatic and incoherent,
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and works at low intensities. Previous reports have shown
positive effects of this light source on quickening wound
repair and healing.10,11

The incoherent light emitting PL is able to induce biosti-
mulative effects in living cells similar to low-level lasers. As
the Bioptron� lamp combines visible light at k480–700 nm
and infrared (IR) light at k700–2000 nm, it is a low-power
light source such as low-level laser, but it is polychromatic
and incoherent.12

Several mechanisms are responsible for the stimulating
effects of both parts of the electromagnetic spectrum present
in these polychromatic light sources. These lead to the same
final photoresponse, but start the cascade of metabolic events
at different cellular levels. One of the main effects of the
absorption of visible light is the stimulation of the mito-
chondria, which results in increased cell energy and activa-
tion of the nucleic acid synthesis, essential for wound repair.
On the other hand, the use of IR light also has similar results,
being the process initiated by a response at the membrane
level. Biomodulation may be then influenced by a common
characteristic of polarization of both types of light.11

A linearly PL has a particular effect on the bilipid layer of
the cellular membrane as the polarized ends of lipids tend to
rotate toward the electrical source, changing its structure.
Transference of energy from the lipids to proteins and con-
sequent reorganization of the cellular membrane occurs be-
cause of a closer contact. These aspects interfere with all
membrane-regulated processes.13 Tada et al.14 in study that
compared different types of polarization of light using light-
emitting diode (LED), showed that the linearly PL and light
circularly polarized promoted a significant stimulation of the
fibroblast cells with reduced wound area and increased the
expression of type 1 procollagen mRNA.

A recent study15 assessed the effect of a linearly polarized
polychromatic light on the treatment of second-degree burns

on rodents. Clinical assessment showed less hyperemia and
edema and smaller burn size on illuminated subjects in
comparison to their controls. Histological analysis evidenced
better re-epithelialization and angiogenesis on illuminated
subjects. Ouvir

The present study aimed to assess the effects of a PL
source on the healing process of third-degree burns on dia-
betic and nondiabetic rodents treated with 10.2 or 20.4 J/cm2.

Materials and Methods

Following approval by the Animal Experimentation Ethics
Committee of the School of Dentistry of the Federal Uni-
versity of Bahia (Protocol number 013/06) 90 young adult
male Wistar rats weighing 200–230 g were obtained from the
Animal House of the School of Veterinary Medicine of the
Federal University of Bahia, and were kept at the Animal
Experimentation Laboratory of the School of Dentistry of the
Federal University of Bahia during the experimental time.
The animals were kept in individual plastic cages lined with
wood chips and maintained at 22�C in a 12 h day/night light
cycle. The animals were fed a standard laboratory pelted diet
and had water available ad libidum.

We used 90 animals that were divided into 2 main groups
(nondiabetic and diabetic) that were further subdivided into
18 subgroups with 5 animals each. In 1 of the main groups,
the animals were kept unfed for 12 h and then injected with
streptozotocin (Sigma Aldrich, St. Louis, MO) diluted in
citrate buffer (0.1M, pH 4.5, 60 mg/kg) for induction of di-
abetes mellitus.16 Forty-eight hours after injection, the blood
sugar level was measured and only animals with blood su-
gar levels of ‡ 350 mg/100ml entered the study.16 Under
intraperitoneal general anesthesia (0.12 ml/100 g of ketamine
and 0.06 ml/100 g of xylazine) the animals of both groups
had their dorsum shaven and cleaned. While anesthetized, a

Table 1. Criteria Used for Light Microscopy Analysis

Criterion Score

Inflammation Acute Discrete: Presence of < 25%
neutrophils of all cells pres-
ent on the field

Moderate: Presence of < 25–
50% neutrophils of all cells
present on the field

Intense: Presence of > 50%
neutrophils of all cells
present on the field

Chronic Discrete: Presence of < 25%
chronic inflammatory cells
on the field

Moderate: Presence of < 25–
50% chronic inflammatory
cells present on the field

Intense: Presence of > 50%
chronic inflammatory cells
present on the field

Mixed Discrete: Presence of < 25%
chronic inflammatory cells
and neutrophils on the field

Moderate: Presence of < 25–
50% chronic inflammatory
cells and neutrophils pres-
ent on the field

Intense: Presence of > 50%
chronic inflammatory cells
and neutrophils present on
the field

Re-epithelialization Absence Discrete: Covering of 1–25% of the wound
Moderate: Covering of 25–50% of the wound
Intense: Covering of 50–100% of the wound

Amount of fibroblasts Discrete: Presence of < 25% of
fibroblasts among other
cells

Moderate: Presence of < 25–
50% of fibroblasts among
other cells

Intense: Presence of > 50% of
fibroblasts among other
cells

Amount of collagen fibers Discrete: Sirius red staining is
less intense than that seen
on the healthy adjacent
tissue

Moderate: Sirius red staining
is similar to that seen on the
healthy adjacent tissue

Intense: Sirius red staining is
more intense than that seen
on the healthy adjacent
tissue

Neoangiogenesis Discrete: Amount smaller
than that seen on healthy
adjacent tissue

Moderate: Amount similar to
Intense: More than that seen
on healthy adjacent tissue

Intense: More than that seen
on healthy adjacent tissue
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specially designed instrument measuring 1.5 · 1.5 cm2 was
heated until red and incandescent and then applied to the
skin for 20 sec to induce formation of a third-degree burn.
The successful creation of the burn was both microscopically
and clinically confirmed.

For phototherapy (Bioptron�, k400–2000 nm, 0.04 W/cm2,
round irradiation area = 23.7 cm2, 0.95 W, 255 or 510 s, 10.2 or
20.4 J/cm2, Bioptron AG, Monchaltorf, Switzerland), the
animals of each group were divided subgroups (n = 15) as
follows: G1: untreated nondiabetic control; G2: nondiabetic
treated with PL dose 10.2 J/cm2; G3: nondiabetic treated
with PL dose 20.4 J/cm2; G4: untreated diabetic control; G5:
diabetic treated with PL dose 10.2 J/cm2; G6: diabetic treated
with PL dose 20.4 J/cm2.

The phototherapy started immediately post-burning and
was repeated daily until the day before animal death. The
energy was applied transcutaneously respecting the focal dis-
tance of 10 cm as recommended by the manufacturer. The dose
was 10.2 or 20.4 J/cm2 (255 or 510 s). The measurement of local
temperature was not performed as, according to the manu-
facturer, temperature changes caused by the use of the device
do not occur when it is used following its specifications.

At each time point chosen (7, 14, and 21 days post-
burning) and following macroscopic examination, each
animal was killed by an overdose of general anesthetic.
Specimens were taken and kept in 10% formalin during 24 h,
were then routinely cut and processed to wax, cut (5 lm) and
stained with H&E and Sirius red and immunomarked with
CK AE1/AE3 (Dako Cytomation� + streptoavidin-biotin-
peroxidase, 1:200, Dako do Brasil, São Paulo, São Paulo,
Brazil) antibody and underwent histological analysis per-
formed by an experienced pathologist in a double-blind
manner. Three slides were made from each specimen and the
whole area of the burn was analyzed. The criteria used on
this analysis used are shown in Table 1 and had been used
previously.16,17

Results

Seventh day

Nondiabetic. Control specimens showed areas of coag-
ulation necrosis and edema. The inflammatory reaction was

chronic and discrete. Re-epithelialization was found discrete
in 80% of the control group. On 80% of the subjects illumi-
nated with 10.2 J/cm2 and on all subjects illuminated with
20.4 J/cm2 no re-epithelialization was detected at this stage.
Fibroblastic proliferation was moderate on 60% of control
specimens. Discrete fibroblastic proliferation was seen on
80% of the cases illuminated with 10.2 J/cm2 and on 60% of
the ones treated with 20.4 J/cm2. Collagen deposition was
graded as discrete on 80% of both controls and subjects il-
luminated with 10.2 J/cm2, and on 60% of subjects illumi-
nated with 20.4 J/cm2. Angiogenesis was found discrete on
60% of both control and illuminated subjects (10.2 J/cm2).
Forty percent of subjects in these groups showed a moderate
angiogenesis. This parameter was graded as discrete in 100%
of subjects illuminated with 20.4 J/cm2.

Diabetic. All specimens showed the presence of necrotic
skin fragments extending down to the muscle. Most control
(80%) and illuminated subjects (60%) (20.4 J/cm2) showed
chronic inflammation at this time. Subjects illuminated with
10.2 J/cm2 showed variable inflammatory infiltrate: acute,
(20%), chronic (40%), or mixed (40%). Angiogenesis and fi-
broblast number were significantly lower in subjects illumi-
nated with 20.4 J/cm2 when compared to both control and
subjects illuminated with 10.2 J/cm2. Controls and specimens
from subjects illuminated with 10.2 J/cm2 were mostly sim-
ilar in regard to re-epithelialization, which was mostly dis-
crete. Subjects illuminated with 20.4 J/cm2 did not show
evidence of re-epithelialization in most of the cases.

Fourteenth day

Nondiabetic. The inflammatory reaction at this time
varied greatly. Control subjects showed chronic inflamma-
tion in 60% of the cases and mixed in the other 40%. Subjects
illuminated with 10.2 J/cm2, in 80% of the cases, showed a
discrete chronic inflammatory reaction. On the group illu-
minated with 20.4 J/cm2, inflammation was acute in 20% of
the cases and chronic in 80% of the cases. Re-epithelialization
was not seen on control group. Subjects illuminated with
10.2 J/cm2 showed a variation: intense in 40% of the cases,
moderate in 20%, discrete in 20%, and absent in 20%. In the

FIG. 1. Photomicrograph of a specimen from the
nondiabetic group. (A) control; (B) 10.2 J/cm2; and
(C) 20.4 J/cm2 on the 14th day post-burn. Re-
epithelialization was not seen in the control group.
Complete coverage by epithelium could be seen in
specimens illuminated with 10.2 and 20.4 J/cm2

(CK AE1/AE3, 100 lm).

FIG. 2. Photomicrograph of
a specimen from the diabetic
group. (A) control; (B) 10.2
J/cm2; and (C) 20.4 J/cm2 on
the 14th day post-burn. Few
blood vessels could be seen
in the control. Both illumi-
nated groups showed mod-
erate to intense angiogenesis
with congested blood vessels
(H&E, 50lm).
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group illuminated with 20.4 J/cm2, there was an absence of
re-epithelialization in 40% of the specimens, moderate re-
epithelialization in 20% and intense re-epithelialization in
40% (Fig. 1). Fibroblast proliferation was moderate in 100%
of controls and in 60% of both groups that were illuminated.
Collagen deposition was intense in 80% of the control spec-
imens; moderate in 60% and intense in 40% of the subjects
illuminated with 10.2 J/cm2; in specimens of the group illu-
minated with 20.4 J/cm2 it was discrete in 60% and intense in
40%. Angiogenesis was moderate in all controls, discrete in
80% of subjects treated with 10.2 J/cm2, and varied from
discrete (40%), to moderate (20%) or intense (40%) in sub-
jects illuminated with 20.4 J/cm2.

Diabetic. Fourteen days after burning, 60% of control
specimens showed evidence of a mixed moderate inflam-
matory infiltrate. Illumination (10.2 J/cm2) caused wide
variation in the inflammatory reaction: acute (20%), chronic
(40%), or mixed (40%). Subjects illuminated with 20.4 J/cm2

showed a moderate or intense chronic inflammatory reaction
in 80% of the cases. These specimens also showed signifi-
cantly less crusting than the controls. Both illuminated
groups showed a significant increase in angiogenesis when
compared to their controls (Fig. 2). Specimens illuminated
with 20.4 J/cm2 showed a significant increase in the number
of fibroblasts when compared to both control and 10.2 J/cm2

groups. Re-epithelialization was more evident on control
specimens than on subjects illuminated with 10.2 J/cm2.
Collagen deposition was significantly higher (increased
density) on both control and 10.2 J/cm2 illuminated subjects
when compared to the ones illuminated with 20.4 J/cm2.

Twenty-first day

Nondiabetic. Inflammation was mostly chronic and dis-
crete in 80% of controls and in 100% of the illuminated with
10.2 J/cm2; on subjects treated with 20.4 J/cm2 the inflam-
mation was moderate in 100% of the cases. Re-epithelializa-
tion was intense in 100% of the controls and those illuminated

with 10.2 J/cm2, and in 60% of those illuminated with 20.4 J/
cm2. Fibroblastic proliferation was moderate in all the controls
and in subjects illuminated with 20.4 J/cm2, and in 80% of
those illuminated with 10.2 J/cm2. Collagen deposition was
intense in 100% of the controls and 10.2 J/cm2 illuminated
subjects and in 80% of subjects illuminated with 20.4 J/cm2

(Fig. 3). Angiogenesis was discrete in all control specimens,
and moderate in 60% of the subjects treated with 10.2 J/cm2

and in 80% of subjects illuminated with 20.4 J/cm2.

Diabetic. At the end of the observation time, abcess and
edema were observed on two specimens illuminated with
20.4 J/cm2. Control specimens showed intense mixed inflam-
matory reaction in 60% of the animals. Illuminated subjects
showed a predominantly lymphoplasmocitary inflammatory
infiltrate, this being observed in 60% of the subjects illumi-
nated with 10.2 J/cm2 and 80% of those illuminated with
20.4 J/cm2. Sixty percent of control specimens showed a dis-
crete number of fibroblasts at this stage. In 60% of the subjects
illuminated with 20.4 J/cm2 there was a moderate number of
these cells, and on 60% of the specimens illuminated with
10.2 J/cm2, the number of fibroblasts was marked and these
cells were placed parallel to the surface. Specimens illumi-
nated with 20.4 J/cm2 showed significantly higher angiogen-
esis and collagen deposition when compared to their controls
(Fig. 4). Most of subjects (60%) illuminated with 10.2 J/cm2

showed complete epithelial pavementing; only one subject
illuminated with 20.4 J/cm2 showed complete pavementing.
A summary of the results is presented in Table 2.

Discussion

Despite important advances in the understanding of the
healing of soft tissue lesions, burns remain an important
cause of high morbidity and mortality, and these are further
compromised when patients also have metabolic distur-
bances capable of interfering with the healing process. In-
creased morbidity causes impairment in the performance of
daily activities, including working.17–20

FIG. 3. Photomicrograph of
a specimen from the nondia-
betic group. (A) control; (B)
10.2 J/cm2; and (C) 20.4 J/cm2

on the 21st day post-burn.
The specimens from both
groups show intense deposi-
tion of mature collagen fibers
parallel to the wound surface
(Sirius red, 100lm).

FIG. 4. Photomicrograph of
a specimen from the dia-
betic group (A) control; (B)
10.2 J/cm2; and (C) 20.4
J/cm2 on the 21st day post-
burn. Discrete deposition of
not-well-organized mature
collagen matrix fibers could
be seen in the control and
specimens illuminated with

10.2 J/cm2; the 20.4 J/cm2 illuminated specimens show moderate deposition of collagen and are better organized (Sirius
red, 50 lm).
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Several reports have shown the efficacy of PL on quick-
ening wound healing.21-23 However, only a few of these as-
sociated this light source with systemic diseases such as
uncontrolled diabetes. Because of the lack of a consensus on
both action and protocol in the use of light therapies on
burns, we opted to use a very severe model of wounding, a
third-degree burn on subjects with uncontrolled diabetes.
We used a similar treatment protocol to one used previous-
ly.21,23,24 The choice of using different doses was because of
the lack of an agreement on the ideal protocol for treating
such lesions with light sources.

One major advantage of using this PL source is its multi-
wavelength emission and the association of both visible
(k480–700 nm) and IR (k700–2000 nm) wavelengths. These
wavelengths are known to be either highly absorbed or to
have increased penetration on the tissue. These wavelengths
are known to increase cell activity and proliferation as well
as the release of both growth and angiogenic factors, essen-
tial for the healing process.11

One may question why a quantitative analysis was not
performed in the present study. We opted for using a qual-
itative assessment of the tissue response to the PL. However,
the results of this study will most likely be further analyzed
in the near future by using a quantitative analysis. In the
present study, we found that the use of different levels of
energy caused different responses from the tissues. Subjects
treated with 10.2 J/cm2 showed better results on most of the
criteria used. We found increased angiogenesis on the 7th
day in both diabetic and nondiabetic animals as well as in-
creased re-epithelialization on the 21st day. Irradiated dia-
betic animals showed a similar pattern of healing to that of
the nondiabetic ones. These findings are aligned with those
from previous reports from our team12,21,23 that showed that
the use of PL (10.2 J/cm2) resulted in a quicker and better
repair. The use of 20.4 J/cm2 caused more specific and lo-
calized effects, such as on fibroblastic proliferation. These
differences may be attributed to the therapeutic window that
assumes that high amounts of energy may cause inhibitory
effects.25

The use of the PL caused a marked positive effect on the
animals with the metabolic unbalance (diabetes). In this case,
the energy given seemed to be more effective in the presence
of some energetic deficit.11,26 This findings is aligned with
previous reports from Al-Watban & Andres26 who used LED
light on burns and found no significant improvement on the
healing of the burns in non-diabetics.

An in vitro report from South Africa27 in which fibroblasts
cultured in both regular and hyperglycemic medium were
exposed to HeNe laser light (k638 nm, 3 mW/cm2) and doses
of 5 or 16 J/cm2. The authors found that the use of 5 J/cm2 on
‘‘diabetic cells’’ resulted in responses similar to those ob-
served on controls. A large cellular migration was observed
on irradiated areas; a phenomenon important in tissue
healing. No cytotoxic effect or genetic alterations were re-
ported with this dose. On the other hand, the use of 16 J/cm2

caused inhibitory effects, probably by excessive energy being
delivered to the cells. In the present study, the use of the PL
caused a significant increase in angiogenesis in most illumi-
nated groups, independent of the systemic status of the an-
imal. It is important to note that the vascular response is very
important in diabetic wound healing, as vascular diseases
are a common complication in patients with uncontrolled

diabetes and that that causes delay in the repair process.28

Oliveira et al.29 showed, in the recent study, the effectiveness
of PL with the low dose (10.2 J/cm2) in improving the heal-
ing of third- degree burns in diabetic animals at both early
(mainly on the angiogenesis) and late (mainly on re-epithe-
lialization of repair) stages.29

Meireles et al.17 have also confirmed the positive effect of the
use of phototherapy on the healing of burns. However, the
positive effect was found with the use of a laser device, which is
very costly when compared to PL devices. It is very important
to provide effective therapeutics at lower costs for both pro-
fessionals and patients. Lower costs would stimulate profes-
sionals to use the therapeutics on a larger number of patients
and would therefore make its benefits more widespread.

We may conclude that the use of a PL source with 10.2 J/
cm2 resulted in a positive stimulating effect on the healing
process of third-degree burns, especially in diabetic animals,
reflected in both the re-epithelialization and angiogenesis of
the burns.
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durante a cicatrização, em ratos diabéticos [Influence of ir-
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