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Abstract. [Purpose] This study examined the impact of low-intensity laser therapy on wound healing and pain
control using a rat cutaneous wound model. [Subjects and Methods] Twenty-four adult male Sprague-Dawley rats
(between 220—240 g, 7 weeks) were used in this study. The rats were anesthetized and a circular fragment of skin
was removed from the dorsal region of the back by a punch with an 8-mm diameter. The animals were randomly
divided into 6 groups, Groups C 1, C 3, and C 5, control groups, received no laser treatment. Groups T 1, T 3, and
T 5 received laser treatment for 20 min per day for 1, 3 and 5 days, respectively. Lumbar spine and dorsal skin were
extracted and processed using western blot analysis. [Results] Periodical observation showed increases in NGF
expression on the skin, and decreases in c-fos expression by the spinal cord in the treatment groups compared to
the control group. [Conclusion] The present findings suggest that low-intensity laser therapy could be used as an
effective therapy for wound healing and pain relief, and could be further used as a clinical approach for treating

cutaneous wounds.
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INTRODUCTION

A wound is known as any loss of continuity in the skin
that must be healed or repaired to provide protection and
prevent contamination of the body". Wound healing is a
complex biological and biochemical process that involves
the removal of invading pathogens from the damaged tissues
and the remodeling of injured tissues. During the process of
wound healing, a variety of growth factors that promote cell
proliferation and differentiation are released into the wound
space. The function of these growth factors, which include
epidermal growth factor (EGF), fibroblast growth factor
(FGF), transforming growth factor (TGF) and nerve growth
factor (NGF) have been identified by previous studies>™).
Specifically, NGF is known to be an important growth factor
for neural regeneration and it also induces tissue repair in the
remodeling stage during wound healing®.

There is much evidence that growth factors play an
important role during wound healing, but few studies have
investigated the role played by pain. In the healing phases of
an injury, pain signaling should be considered when assess-
ing clinical strategies. To confirm pain, c-fos can be used as
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a marker of painful sensations in the spinal cord®. A study of
c-fos demonstrated that it is a useful marker of nociceptive
neuron stimuli in the dorsal horn (DH) of the spinal cord”.

Low-intensity laser therapy (LILT) is a therapeutic mo-
dality that has been used in a variety of clinical applications,
including wound healing. The effects of laser therapy on
pathological conditions such as wound healing, qualified
scar formation, and relief of pain have been reported by
many studies®!?. In cutaneous wounds, LILT has been
shown to accelerate the wound healing process via growth
factors!3-19),  Although studies have demonstrated the
positive effects of LILT on wound healing, the correlation
between LILT and pain control has not yet been reported. It
is necessary to confirm pain control (via c-fos) during wound
healing in conjunction with LILT. Therefore, the purpose of
this study was to investigate wound healing and pain control
using LILT and a rat model.

SUBJECTS AND METHODS

Experimental procedures were performed according to
the protocols established by the Institution of Animal Care
and Use Committee (IACUC) of Daegu University, which
are based on the NIH Guidelines for the Care and Use of
Laboratory Animals (NIH, 1996).

Twenty-four adult male Sprague-Dawley rats (between
220-240 g, 7 weeks old) were used in this study. The ani-
mals were kept under a 12 light/12 h dark schedule at 22°C,
and were freely fed during the experimental period. They
were anesthetized with 2 mL/kg 50% Zoletil and 50% xyla-
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Table 1. The comparison of NGF expressions in skin tissue across the six groups (Unit: pixels)

Expressions of NGF (Mean+SD)

Group Control (n=12)

Treatment (n=12)

Day 1 3 5
3,011.2489.4  2,838.6+289.9

6,643.0+£498.2

1 3 5
3,400+489.9 6,182.8+£225.1* 13,203.4+416.4*

Table 2. The comparison of c-fos expressions by the spinal cord across the six groups (Unit: pixels)

Expressions of c-fos (Mean£SD)

Group Control (n=12)

Treatment (n=12)

Day 1 3 5
9,711.2+771.4 9,387.4+160.9

9,272.6+423.1

1 3 5
5,985.6+131.9*  5,411.2+131.9* 874+217.4*

*significant difference from matched control day. p<0.05

Mean+SD: mean+standard deviation, Control: No low-intensity laser therapy, Treatment: Low-intensity laser therapy for

20 min per day for 1, 3, and 5 days, respectively

zine hydrochloride mixture via intraperitoneal (IP) injection,
and a circular fragment of skin was removed from region of
the back by a punch with an 8-mm diameter'®). The animals
were randomly divided into 6 groups, Control groups CI,
C3, and C5 received no laser treatment, and acted as matched
controls for the treatment groups: T 1, which received laser
treatment for 20 min for 1 day; T 3, which received laser
treatment for 20 min per day for 3 days; and T 5, which
received laser treatment for 20 min per day for 5 days.

The low-intensity laser used for the irradiation proce-
dures had a wavelength, of 660 nm and a power output of
60 mW and 1-4 J/cm?. During irradiation, the laser probe
was held with the tip just in contact with the dorsal surface of
the wound. Treatment was given for 20 min per day.

The spinal cord and dorsal skin tissues extracted from the
rats were homogenized in lysis buffer (50 mM Tris, 120 mM
Nacl, pH 7.4) with added protease inhibitors (Complete,
Roche, Mannheim, Germany). Total proteins were col-
lected and the protein concentrations were determined by
the Bradford method (Bio-Rad, Richmond, CA, USA). To
validate NGF and c-fos protein expression, western blot
analysis was performed. The protein extracts from spinal
cord (20 pg) were separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. After protein separation,
the samples were transferred to nitrocellulose and blots were
probed with anti-NGF 1:1000 (cat# sc-365944, Santa Cruz,
CA, USA), anti-C-fos 1:1000 (cat# sc-8047, Santa Cruz,
CA, USA). Horseradish peroxidase conjugated anti-mouse
1:5000 (cat# sc-2005, Santa Cruz, CA, USA) was used as a
secondary antibody. The thickness of the bands was photo-
graphically measured using Scion Image software Beta 4.0.3
(Scion Corp., Frederick, MD, USA).

The data are expressed as the mean =+ standard deviation
(SD), and the statistical analysis was performed using one-
way analysis of variance (ANOVA) and SPSS 18.0 software.
A post-hoc analysis was performed using the LSD method.
Significance was accepted for values of p<0.05.

RESULTS

Low-intensity laser treatment is a well-established and
widely-used clinical model of wound healing. In this study,
differences were found in NGF expression between the
groups after the laser treatment. Periodical observation of
wound healing for 5 days revealed that the treatment groups
showed increases in NGF expression on the skin compared
to their respective control groups (Table 1). Over the 5
days, the treatment groups, with the exception of group
T1, showed higher expression of NGF than their respective
control groups, and the differences were significant. There
was no significant difference between the T 1 group and the
C1 control group.

This study also confirmed the effect of low-intensity laser
treatment on pain control via c-fos expression by the spinal
cord. A significant decrease in c-fos expression after LILT
was observed in all the treatment groups. However, the con-
trol groups (C 1, 3, 5) showed no significant change in c-fos
expression at any of the time points (Table 2). There was a
trend of greater decrease in c-fos in the T5 group compared
to the T1, and T3 groups.

DISCUSSION

The aim of the present study was to verify the effect of
low-intensity laser therapy on the rate of wound healing.
Low-intensity laser therapy is one of the clinical therapeutic
modalities that has been used for wound healing. Previous
studies of laser treatments have demonstrated that low-
intensity laser therapy accelerates and facilitates wound
healing!719).

During the wound healing process the secretion of bio-
logical substances, such as growth factors, plays an impor-
tant role in healing or repairing wounded skin?. A variety of
growth factors have previously been found to assist wound
healing, and a study that incorporated the application of NGF
showed that it enhanced the rate of healing?!). The results of
the present study also show that low-intensity laser therapy
had a positive effect on growth factor via NGF expression



in the healing of wounded skin. Our present study showed
that NGF expression, especially in T 3 and T 5, accelerated
wound healing in the treatment groups as compared to their
control groups.

Pain control is an important parameter in wound healing
because it influences the application of treatment. The posi-
tive results observed with pain control may also contribute
to its clinical application in therapy??. Many studies have
focused on the effects of low-intensity laser therapy on the
mechanisms of wound healing or the mechanical laser ther-
apy approach, but few studies have shown a correlation with
pain relief®> 20:23-25)_ This study found that LILT suppressed
c-fos expression, which is known as a marker of pain, by the
spinal cord. The c-fos protein has been used for 25 years as
a marker of pain control in many studies?®. It has been used
as a marker of nociceptive neuron stimuli in the dorsal horn
(DH) of the spinal cord, and increased levels of c-fos protein
have been shown to be correlated with spinal sensitization in
the DH®. C-fos expression is a parameter of pain control and
our results show that LILT decreased c-fos expression by the
spinal cord in the treatment groups. Moreover, our results
also show that the level of c-fos decreased over the course of
the experimental time period.

In conclusion, low-intensity laser therapy not only helps
accelerate cutaneous wound healing via NGF expression in
the skin, it is also useful for pain control due to the decrease
in the amount of c-fos released by the spinal cord. Therefore,
our results suggest that LILT could be used as an effective
therapy for wound healing and pain relief, and could be
further used as a clinical approach for treating cutaneous
wounds.
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