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ABSTRACT

PURPOSE: To characterize the effects of low-level laser (LLL) on third-degree burn wounds which were infected with Staphylococcus
aureus (S. aureus) in diabetic rats.

METHODS: Thirty streptozotocin-induced diabetic rats were divided into two groups: the control and the LLL groups. Third-degree
burns were induced using a heated metal rod, and then, were contaminated with S. aureus. The wounds in the LLL group were irradiated
with a LLL (685nm) daily for five consecutive days, starting three days after the induction. The wound area was measured at 3, 5, 8, 14
and 21 days after burning. At the end of trial, the skin samples were harvested.

RESULTS: Reduction in wound areas in the LLL and control groups were significantly different only on the 21* day (p<0.05). The
mean bacterial numbers in the LLL group were significantly lower (p<0.05) than those in the control group. The number of macrophages,
new blood vessels, fibroblast, and elevated collagen deposition in the LLL group significantly increased compared to the control group
(p<0.05). The mean breaking strength of scars in the control group was significantly lower (p<0.05) than that of the LLL group.
CONCLUSION: The low-level laser improved the healing of S. aureus third-degree burn infections in diabetic rats.
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Introduction

Skin wound healing, especially in diabetic patients,
is one of the most important issues in medical sciences and has
always been of interest to researchers and clinicians who have
put much effort into accelerating the wound healing process,
preventing infections, and increasing the tensile strength of the
healing tissue after recovery'. The delay in the healing of wound
infections in diabetic patients is a problem caused by neuropathy
and impaired tissue blood flow?. According to the World Health
Organization, the number of diabetic patients is rising’. With that
in mind, it seems that in addition to the important measures in the
prevention of diabetes, we should try to choose the most effective
treatment of diabetic wounds in order to avoid complications such
as infections, amputations, or slow recovery.

Staphylococcus aureus (S. aureus) is an important
cause of nosocomial infections in most health centers®. The
indiscriminate use of antibiotics in the last decades has led to the
emergence of resistant strains of bacteria. Methicillin-resistant .
aureus is among the most important cases that are resistant to all
beta-lactam antibiotics. Today the treatment of infections caused
by these bacteria is one of the main problems of health centers.
That’s why new methods must be used to defeat infections caused
by these bacteria. One of these methods can be the use of Low
Level Laser (LLL). Understanding the bactericidal effect of the
LLL can be appropriate to treat patients with infectious wounds.
LLL therapy can be used alongside other treatments associated
with injuries resulting in wounds®¢. The use of LLL therapy as
a photonic treatment to stimulate or accelerate the healing of the
wounds started by Mester in 1970, and further studies have been
conducted on its effects on wound healing since then”". Studying
the interaction between laser and tissue is a very important issue
in treatment. The most important mechanism proposed in this field
is the effect of LLL on shortening the tissue inflammation and
accelerating the proliferation phase, anti-bacterial effect, effect
on mitochondrial function of cells, increasing the blood supply to
tissues and cell membrane potential changes which eventually can
accelerate wound healing process'>'.

Given that the effects of laser highly depend on its physical
features, such as wave-length, pulse/energy, energy density, and
delivery system, and since most researches have been limited to
non-diabetic wounds focusing on histology and practically, there
is no comprehensive study on the impact of the laser on diabetic
infected wounds especially S. aureus (one of the 5 most common
causes of nosocomial infections, particularly in burn wound
infections). Therefore, a comprehensive study on the protective
effect of LLL on this type of infected diabetic wounds appears
necessary. The aim of this research is to study the effect of LLL

therapy on third-degree burn wounds infected with S. aureus in
diabetic rats by evaluating the microbiological, histopathological,
and biomechanical analysis of the healing tissue.

Methods

The experimental procedures with the animals used in
the present study were approved by the Ethics Committee of the
Islamic Azad University, Faculty of Veterinary Medicine, Tehran,
Iran, under the reference code 032-4/2015.

In this study, thirty male adult Wistar rats weighing 200
to 250 g provided by the Pasteur Institute of Iran were used. The
rats were kept in individual plastic cages under suitable conditions
(temperature 25 + 2°C, relative humidity 50 to 60%, and a 12-hour
light-dark cycle). The animals were fed a standard pelleted rodent
diet and water ad libidum. Subjects were randomly divided into
two experimental groups i.e. the control group and the LLL group.
Each group consisted of fifteen rats five of which were used for
bacterial load determination, five for histopathological analysis,

and five for breaking strength measurement.

Experimental induction of diabetes in rats

Diabetes
streptozotocin (200 mg/kg, i.p."®) in the volume of 0.2 ml, to the

was induced by a single injection of
overnight fasting rats. Streptozotocin was dissolved in normal
saline. Animals’ blood glucose levels were measured via a
commercial glucometer. 14 days later, rats with blood glucose

level of >300 mg/dL'® were considered as diabetic models.

Experimental protocol

On day zero, each rat was weighed using a digital scale,
and then, ketamine 50 mg/kg and xylazine 10 mg/kg were used
intraperitoneally for general anesthesia. After the anesthesia,
the dorsal hair of the rats’ right thoracic region was shaved and
cleaned with povidone-iodine. Third-degree burns were induced
using a metal rod (2 cm diameter) heated to 80-85°C which was
exposed for 20s'”. After the burning procedure, the drug nalbuphine
hydrochloride (2 mg/kg) was administered at 12-h intervals for two
consecutive days for analgesic prophylaxis. The skin wound area
was contaminated with one aliquot of 50 pL of a saline solution
containing approximately 5x107 CFU/mL of S. aureus.

Laser irradiation

A 685 nm InGaAIP (15 mW, 3 J/em?, spot of 0.028
cm?, Teralaser; DMC® Sdo Carlos-SP, Brazil) was used in the
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present study. The optical power was calibrated using Newport
Multifunction Optical Meter model 1835C. The infected wounds
were irradiated daily for 5 consecutive days, starting on the 3™ day
post-induction, and always in the mornings. To administer laser
treatment, the burned area was divided into for equal parts. The
tip of the laser source was contact with the surface of the burn at
the center of each part, and directed perpendicularly to the target
tissue for the designated time i.e., 75s. The control group animals

underwent sham irradiation with the turned off equipment.

Macroscopic analysis

In each group, the clinical assessment of wound size
and appearance was performed by taking digital image using a
digital camera which was kept at a constant distance of 30 cm
from the injured area, and had the same resolution in the same
lighting conditions on days 0, 3, 5, 8, 14 and 21. For the purpose
of determining the size and the appearance of the wound areca
through image analysis, the Image J software was used.

At the end of the trial, euthanasia was performed using an

overdose of anesthetic drugs before tissue samples were removed.

Bacteriological analysis

A 1 cm X 2 cm skin tissue sample, including the wound,
was homogenized in 1ml phosphate-buffered saline (3500 rpm,
5 min) and was then centrifuged (10.000xg) for 10 min. The
supernatant was collected and plated on TSA agar plates. After

incubation in the dark at 37°C for 48h, the number of colonies was
counted. The bacterial load measurement was done by multiplying
the number of colonies with dilution factor and the volume of
supernatant obtained during the tissue homogenization which was

presented as log CFU/ml'®,

Breaking strength analysis

To measure the breaking strength of scars, a strip of
skin 7 cm long and with the same widths of the wound diameter
was carefully removed by a scalpel in the manner that the wound
was located at the middle of the strip. The sample was placed in
a gauze soaked with normal saline and was sent to the laboratory
inside a container with lid for tensiometric test. Then, the segment
was pulled at both ends by two clamps using a machine for
biomechanical assays (Zwick/Roell, Ulm, Germany) until being

broken.

Histopathological analysis

The skin specimens from the wounds and surrounding
healthy skins were removed with a scalpel. Then, the samples
were fixed in a 10% formaldehyde solution for 48h and later
embedded in paraffin blocks. Serial 5 um sections were cut and
stained by hematoxylin and eosin. The histological sections were
evaluated by one pathologist who was blinded to the experiment
as suggested by Gal et al.'® by the following scale: 0, 1, 2, and 3
(Table 1).

TABLE 1 - Explanation of scale used in evaluation of histological sections.

Scale Epithelialization PMNL Macrophages  Fibroblasts New collagen  Neo-angiogenesis
0 Thickness of cut edges Absent Absent Absent Absent Absent
1 Migration of epithelial cells Mild Mild Mild Mild Mild
2 Bridging of the incision Moderate Moderate Moderate Moderate Moderate
3 Complete regeneration Marked Marked Marked Marked Marked

Statistical analysis

SPSS statistical software (version 18) was used to
perform the Mann—Whitney U test and an ANOVA test to compare
the two groups. Values of p<0.05 were considered as statistically
significant.

Results

No complications were encountered during the study. All
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of the rats tolerated procedures well and survived until the end of
the experiment.

The macroscopic evaluations of the wound area in the
LLL group were performed on the 3 5%, 8" 14t and 21* days after
the injury and the results were compared to those of the control
group (Figure 1). In the beginning days, the mean scores of the
wound areas for the two groups were not statistically significant.
Reduction in wound areas in the LLL and the control group was

significantly different only on the 21 day (p<0.05).
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FIGURE 1 — Percentage of reduction of the area of the third-degree burn
wound experimentally induced in diabetic rats. The control group and
laser treated group with 3 J/cm?.

The mean bacterial score for the LLL group (0.65 x 10" +
0.33 x 10" CFU/ml) was significantly lower (p<0.05) than that of
the control group (9.2 x 107 £+ 1.5 x 107 CFU/ml).

In the microscopic examination of skin samples (Table
2), LLL therapy caused a significant increase (p <0.05) in the
number of macrophages, fibroblast, new blood vessels, and
elevated collagen deposition in comparison to the control group
(Figure 2).

TABLE 2 - Semi-quantitative evaluation of histological structures after low level laser therapy (LLLT).

Group Epithelialization PMNL Macrophages Fibroblasts New collagen Neo-angiogenesis
LLLT 1.02 +£0.3* 1.1+0.2% 1.1£0.3* 1.8 £0.4% 1.5+0.7* 1.2+£0.5%
Control 0.2+0.1 1.91+0.5 1.9+0.5 09+0.6 0.6+0.5 0.6+0.2
*p<0.05.

FIGURE 2 — Histological sections of control (A), and low level laser (B) groups at 21 days post wounding. respectively (HE, x40). Note that the
injured area is devoid of epidermis (arrows). Cell debris (arrowheads) are deposited on the skin surface. The connective tissue of the superficial dermis

is formed by a loose connective containing active fibroblasts (*).

The mean score for the breaking strength of wound scars

in the control group was significantly lower (p<0.05) than that of

the LLL group (Figure 3).
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FIGURE 3 — The effect of low level laser therapy (LLLT) on breaking
strength at 21 days after induction of infectious burns in diabetic rats.
LLLT was performed daily from 3 to 8 days after wounding. *Statistically
significant difference (p<0.05) in comparison with the control.

Discussion

The employment of LLL therapy was initially proposed
by Mester et al.” as a treatment method. They demonstrated the
positive effects of LLL on the wound healing process. Their
research led to an increasing interest in understanding this
technology as well as its applications’. It was suggested that the LLL
increases cell metabolism, stimulates oxidative phosphorylation
and reduces local inflammatory response, positively changing
electrophysiological properties of the irradiated tissue®. LLL
application also has the effect of biomodulation, which activates
or inhibits the physiological processes and has biochemical
and metabolic effects via photochemical and/or photophysical
processes®!. Studies conducted on the efficacy of the LLL therapy

in cutaneous wound had difficulties in drawing consistent
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conclusions due to a lack of coordination between different laser
systems and the selected features. As a result, several papers with
quite different and sometimes contradictory results have been
published?>?,

In a study by Yu et al.8, the argon laser with a wavelength
of 630 nm was used on diabetic wounds in a twenty-day healing
process, the positive effect of which was eventually reported.
Furthermore, Reddy et al.’ reached similar results in a study on
wound healing process in diabetic mice. In another study, Maiya
et al.** performed the LLL therapy on wounded diabetic rats
using laser with the wavelength of 632.8 nm and the dose of 4.8
J/em? five days a week. They used biochemical and histological
analyses to evaluate the wound healing scale. They reported that
in a group under laser therapy, the wound healing process has been
accelerated 18 days whereas in the control group, this duration took
up to 95 days?*. The macroscopic and microscopic results from
this study on the positive role of LLL therapy in wound healing
are similar to the results of the previous studies. The comparison
between wound areas in the LLL and the control groups showed
a significant difference only at the end of the third week. In the
pathological study of skin samples, the average rate of the tissue
damage in the treatment group was lower than that of the control
group at the end of the 21* day.

In addition, tensile strength of the skin has been
addressed in several studies for examining the speed of wound
healing. A study has been conducted on the diabetic rats using He-
Ne laser with the wavelength of 830 nm by Stadler et a/.! Wounds
had been irradiated from the 1* to the 4% day in the first group
and from the 3" to the 7" day in the second group. Higher tensile
strength in this study was witnessed in the 3 to 7" day which
shows the significant difference between the LLL and the control
groups. In the line with preliminary study, this study documented
that the control group showed significant reduction in the breaking
strength of wound scars produced in the skin when compared to
the LLL group.

The anti-bacterial effect of the LLL therapy is one of
the treatment mechanisms which are compatible with its anti-
inflammatory effect. In a way, the LLL treatment could shorten
the inflammation duration by eliminating the bacteria so the
inflammation reduces in the treatment'*?2. It is reported that the
LLL therapy will result in inhabitation of infectious conditions
and reduction in the inflammation by inhibiting the bacteria
proliferation and stimulating the phagocytic activity of leukocytes
in in vitro™*. The bactericidal effect of the LLL therapy is also
observed in dentistry. In addition to conducting studies on the

antibacterial effect of LLL, Kersler et al.?’ used laser on dental
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implants in order to avoid microbial platelet aggregation in 2002.
Bayat et al.*® also concluded in their research that the LLL treatment
has an antibacterial effect on the third-degree burn wounds.
Ferreira et al.? also studied the LLL with 3 J/cm? intensity effect
on infected wounds in Paracoccidioidomycotic cases. In Ferreira’s
study the laser treatment was performed on the 7%, 8" and 9% days
of the infection and samples were collected from the wounds
on the 10" day. Results showed that in the treatment group, in
addition to wound healing, the macrophages and lymphocytes
rate increased in comparison to the control group?. Wilson et al.*°
used an IGAIAr laser against S. aureus, and the results revealed
reduction in the number of colonies. Nussbaum®! also studied the
effects of LLL with the wavelength of 630, 810, and 660 nm on in
1-50 J/cm? intensity on S. aureus, pseudomonas, and E. coli which
were taken from infected wounds. The best antibacterial results
appeared in the lasers with 630 nm wavelength and 1-20 J/cm?
intensity. Our results are in line with the previous studies which
showed that the application of 685 nm LLL can significantly

reduce the growth of S. aureus.

Conclusions

Low-level laser herapy induced the destruction of S.
aureus in the third-degree burns of diabetic rats. Moreover, the
present study revealed that the LLL irradiation at 685 nm promoted
a reduction of the inflammatory reaction and improved collagen

deposition, thereby ameliorated the healing of this type of injury.
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