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Abstract

The study aim to evaluate the effect of 660nm wave length low level laser therapy
(LLLT) at different doses on open wound healing in rat model. Twenty five adult male Wistar
rats were randomly divided into five equal groups. Rats were anesthetized by IM injection of
ketamine (50mg/kg B.W), xylazine (10mg/kg B.W) mixture. The back of animal was
prepared for aseptic surgery, two parallel circular skin incisions 0.5 cm in diameter involving
full thickness of the skin were made on both left and right sides of the back of each animal.
Four groups were received a close-contact pulsed Gallium-Aluminum Arsenide (GaALAS)
laser therapy on the left incision, with energy density of 2, 4, 6 and 8J/cm? of 660nm wave
length, 50mw power output and 146Hz pulsing rat immediately after surgery then repeated
the same dose daily for 7 successive days. Results declare that the laser treated group of
2J/cm? found slightly differences when compared with control group. At 4J/cm? laser treated
group, the healing of wound was better than of control group by presence of narrow scar
tissue and completely epithelization. The study found that 6J/cm? laser treated group was
effective in open wounds, which showed faster keratinize layer formation and collagen fiber
parallel oriented with the wound surface. However, energy density of 8J/cm? was more
effective for healing process than other groups by presence of more collagen deposition,
increase activity of myofibroblast, and presence of clear skin adnexa. In conclusion, the laser
wave length 660 nm use in this study was effective enhance the healing process of open skin
wound in rats in all the four energy density used; further to the 8J/cm? is seen the best in
stimulation of wound healing.
Key words: Laser, LLLT, open wound, healing, rats.
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Introduction

Skin wound repair requires complex and
highly coordinated interaction between
different cells to restore the epidermal barrier
and tissue architecture after injury (1). The
wound healing is a multi-stage phenomenon
that requires the activation, recruitment of
numerous cell types as keratinocytes,
endothelial cells, fibroblast, inflammatory
cells, and macrophage which appear to be
central to this process (2). Open wounds are
extensive  tissue  damage and are
contaminated or infected, they are allowed to
heal completely by contraction and
epithelialization ~ (healing by  second
intention). Healing by second intention has
the advantage of allowing progressive,
gradual debridement of tissue in early stages
of wound debridement. Open wounds
provide optimal wound drainage (3). Healing
is a complex process that can be divided into
at least three continuous and overlapping
processes: an inflammatory reaction, a
proliferation process leading to tissue
restoration, and eventually tissue remodeling
(4). The inflammatory stage begins with
platelet aggregation and formation of the
fibrin clot, which reestablishes hemostasis
and provides an extra cellular matrix for cell
migration (5). This phase is triggered by a
variety of mediators released from injured
tissue cells and capillaries, activated platelets
and their cytokines and the by—products of
hemostasis (6). The subsequent proliferative
phase lasts for about 2 to 3 weeks after the
inflammatory phase, dominated by days the

formation of granulation tissue and
epithelization (7). Re-epithelization these
phase also includes contraction of wound
edges pull together to reduce the defect in the
second step epithelial tissues are formed over
wound site (8). Epithelization of open
wound is different from that of closed
wound. In open wounds epithelization occurs
after a bed of granulation tissue has formed.
There is a latent period of approximate 4 to 5
days before epithelization starts, (in closed
wound epithelization may complete in 48
hours as the epithelium migrates through the
fibrin clot) (3). The remodeling phase of
wound healing is characterized by a decrease
in cell population and an increase in collagen
organization in granulation tissue which form
a scar (9). During the remodeling phase
myofibroblasts play an important role in
wound contraction and scar formation (10).
Low level laser therapy (LLLT) is a form of
phototherapy used to promote wound healing
in different clinical conditions. The LLLT at
an adequate wavelength, intensity, and dose,
can accelerate tissue repair (11). LLLT is
effective in open wounds, which showed
better regeneration and faster restoration of
structural and functional integrity (12). The
LLLT emission increased tissue oxygenation,
morphofunctional activity, and substantial
expansion of the microcirculation bed and in
turn accelerated the restoration of the
functional features of the injured area (13).
Laser stimulation shortened the inflammatory
phase as well as accelerated the proliferative
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and maturation phase, and positively
stimulated the regeneration of injured
epidermis and the reparation of injured
striated muscle (14). It may reduce pain
related to inflammation by lowering levels of
prostaglandin E,, TNF-a, cellular influx of
neutrophil granulocytes oxidative stress,
edema, and bleeding (15). LLLT accelerates
wound healing by stimulating the biological
activities and differentiation of fibroblast and
by reducing the inflammatory process (16).
All  laser treatment led to marked
improvements in dermal layer thickness and

collagen fiber density, and increase in
fibroblast number and hydroxyproline
content. Hydroxyporline is a major

component of collagen and rarely found
outside collagen (17).

Materials and methods

Twenty five adult male Wister rats
weighing about (250+ 1.45g) and aged
between (10-12) months. Animals were
randomly divided into five groups, five
animals of each. The animals were kept in
plastic cages with a metal top, in normal
laboratory conditions (room temperature 20-
24 °C) and were fed a solid diet and water ad
libitum. The laser device GaALAs in multi-
wave length probes used was (Omega Laser
Systems Limited, UK) emits a wave lengths
under 1000nm utilizing red light (600nm to
780nm) and infrared (over 780nm). The

Results

Clinically during the fourteen days post
wounding (PW) observation period, animals
were seen healthy, active, with normal
healing aspect of the wound observed on the
operated site, without clinical evidence of
infection.

Histologically after 14" day PW in G1
(2J/cm? laser exposure dose), there were wide
immature scar tissues observed (Fig. 1),
typified abundant of collagen fibers achieved
proliferation of fibroblast, and new blood
vessels formation, occasionally absence of
keratinized, with infiltration of inflammatory

power, pulsing frequency and programming
is set via the control unit and the frequency
laser pulse is varied (2.5Hz-10KHz). After
general anesthesia utilizing IM injection of a
mixture of ketamine 50mg/kg B.W and
xylazine 10mg/kg B.W, the site of incision
on the back of the animal was prepared for
aseptic surgery (clipping, shaving and apply
antiseptic), to induced (0.5cm in diameter)
two open parallel circular full-thickness skin
incision by using punch machine. The left
incision was treated with laser therapy and
the right incision left without treatment as
control in the same animal. Treatment of the
left incision only was applied immediately
after creating the skin wound and repeated
for 7 consecutive days. The diode laser used
was (660 nm wave length), (50 mw power
output), (146 Hz pulsing rate), and (0.5 cm
spot size). The energy densities of 2, 4, 6,
and 8J/ cm? were used in G1, G, Gzand G,
respectively. The laser irradiation during the
successive days was performed while the rat
restrained with special restrainer and keeping
the diode laser probe closely to the wound
surface. Five male Wistar rats were used as
control group in which make the skin
incision without exposing to the laser. The
skin specimens 1cm® were collected after 14
days post wounding from the wound area
involving all the skin wound, where prepared
and  sectioned for histolpathological
examinations.

cells (Fig. 2). In G2 (4J/cm? laser exposure
dose) There were narrow scar tissue, with
complete epithelialization was seen (Fig. 3).
Also presence of granulation tissue below the
epithelial layer, and stamping abundant
collagen with formation of new blood
vessels, and infiltration of inflammatory cells
(Fig. 4). In G3 (6J/ cm? laser exposure dose).
There were narrow scar tissue, presence of
thin  keratinized layer, presence of
granulation tissue which characterized the
wound and formation of fibrous connective
tissue with collagen fibers parallely oriented
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with the wound surface (Fig. 5). Also (8) /cm? laser exposure dose), there were
presence of collagen, and presence of few narrow scar tissues, thick of keratinized
skin adnexa (primitive, stray hair follicles layer, and thick epidermis with upward
and sweat gland were seen) (Fig. 6). In G4 proliferation of stratum basal. Also a typified

S
e

Histological sections (H&E Stain) in open wound of rat skin 14 days PW; (Fig 1, and 2, 2J/cm? laser
treated). Fig. (1): Show a wide immature scar tissue (double head arrow), abundant of collagen (red
arrow), with absence of keratinized layer (yellow arrow)(X50). Fig. (2): Show abundant collagen fibers
(yellow arrows) and new blood vessels formation (blue arrows), with infiltration of inflammatory cells (red
arrows) (X200). (Fig. 3 and 4, 4J/cm? laser treated). Fig. (3): Show narrow scar tissue (double head arrow)
and complete epithelialization. There was presence of granulation tissue below the epithelial layer (red
arrow) (X50). Fig.(4): Magnified field (X200) show granulation tissue characterized by proliferation of
endothelial cells, new blood vessels (red arrows) and abundant of collagen (white arrow), also there was
infiltration of inflammatory cells (blue arrows). (Fig. 5 and 6, 6J/cm? laser treated). Fig.(5): Show narrow
scar tissue (double head arrow), thin keratinized layer (thin arrow), more compacted and paralled-
oriented collagen fibers on the surface of the wound and formation of new blood vessels vertically on the
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surface of wound (red arrow), and mild presence of skin adnexa (primitive and stray hair follicles) (yellow
arrow) (X20). Fig.(6): Observe granulation tissue, typified by fibrous connective tissue (green arrow) and
formation of new blood vessels vertically on the surface of wound (red arrow) (X200).

Histological sections (H&E Stain) in open wound of rat skin 14 days PW; (Fig. 7 and 8, 8J/cm2 laser
treated). Fig.(7): Show narrow scar tissue (double head arrow), with thick keratinized layer (thin arrow),
and thick epidermis with upward proliferation of stratum basale (yellow arrow), a typified abundant of
collagen fibers (green arrow), and adipose tissue in sub dermal layer (red arrow) (X20). Fig.(8): Show
narrow scar tissue (yellow arrows), with formation of skin adnexa (development of solitary and primary
hair follicles) in sub dermal layer (green arrow) (X20). (Fig. 9 and 10 control group). Fig. (9): Show wide
scar tissue (double head arrow), with profuse fibrous connective tissue (proliferation of fibroblast), with
entity of scant collagen (red arrow) (X20). Fig. (10): Show wide scar tissue, with epithelial invagination
(white arrow). Entity of granulation tissue which involved profuse fibrous connective tissue (proliferation
of fibroblast). Absence of skin adnexa. There was hemorrhage in the dermis (yellow arrow) (X50).

of abundant collagen with presence of
adipose tissue in sub dermal layer (Fig. 7).
There was presence of skin adnexa
(development of solitary primary hair
follicles, invasion with smooth muscles) (Fig.
8). In G5 (control group without laser
treatment), there were wide scar tissue, lack
of Keratinized layer, with few up ward

proliferation of stratum basal, presence of
epithelial invagination and also presence of
thin epidermis layer (Fig. 9). Entity of
granulation tissue which involved profuse
fibrous connective tissue (proliferation of
fibroblast) and proliferation of endotheliall,
and absence of skin adnexa. There was
hemorrhage in epidermis (Fig. 10).
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Discussion

The aim of this investigation is to
demonstrate the role of the LLLT on the
open wound healing processes following the
use of different energy parameters, and also
to make critical suggestions for the
application of LLLT on the skin of rats. The
result revealed that the 2J/cm? laser exposure
observed a wide immature scar tissue,
typified abundant of collagen fibers achieved
proliferation of fibroblast, and new blood
vessels formation. This result is in agreement
with (18) who found that LLLT at energy
density 2J/cm? is capable of enhancing
collagen synthesis, his study showed a
significant increase of both fibroblast in
experiment group and endothelium of blood
vessels at the maturation of the wound
healing process. But this dose is still much
little to enhance of healing and minimization
the size of the open wound. This result is in
agreement with (19) found that there is a
little advantage in using low-level laser
irradiation therapy at 2J/cm? for the treatment
of full thickness skin wounds. With 4J/cm?

laser treated group, there is complete
epithelization, with the presence of
granulation  tissue  stamping abundant

collagen, with formation of new blood
vessels, these results corresponded with (20)
who found that the use of LLLT for
treatment of wounds result in a thick
epithelial layer that completely covered the
wound tissue, the granulation tissue is thick
and composed primarily of fibroblast and
collagen, and a moderate of neovascular-
ization, acceleration of the wound healing
process with laser can be explain by a higher
collagen synthesis from fibroblast, and
numerous vascular proliferation in the
connective tissue, coupled with higher
mitotic activity of the epithelial cells. Also
(21) report that use of laser result in re-
epithelialization of the dermis. Also this
result is consistent with (22) who found that
this specific energy density (4J/cm?) has been
found to increase fibroblast proliferation,
which may be the mechanism by which
photobiomodulation (PBM) capable of

altering wound healing. The use of GaALAS
laser at lower energy densities had a
significant effect on the cicatrization of
tissue, acceleration of tissue repair through
decrease edema, improve granulation tissue
and fibroblast proliferation stimulation. We
also find abundant collagen and this
confirmed with (23) who find that LLLT
contributed to a larger expression of collagen
and elastic fibers during early phase of
wound healing process, the use of 4J/cm? is
more effective in the synthesis of collagen,
and mainly in speeding up the rate of wound
closing. The healing process appeared
accelerated in the treated group with a
thinner resulting scar in comparison to the
control group. In the 6J/cm® laser treated
group, we found the presence of granulation
tissue characterizing the wound with
formation of fibrous connective tissue and
collagen parallel oriented with the wound
surface. This result is corresponded with (20)
who found the wounds in the 6J/cm? laser
treatment are characterized by thick
granulation tissue dominating by fibroblast,
and extensive deposition of collagen and
moderate amount of neovascularization. The
fibroblast and collagen fibers seen minimal
parallel orientation below the epithelial layer.
The LLLT is increasing the ATP production,
cellular metabolism and DNA synthesis, thus
increasing the fibroblast proliferation and
causing earlier formation of granulation
tissue (24). The Cytochrome c¢ oxidase is the
terminal enzyme of mitochondrial respiratory
chain, functions of cytochrome c oxidase as a
signal generator as well as a signal transducer
in irradiated cell. Two mechanisms occurring
in cytochrome ¢ oxidase under irradiation,
these are an increase of electron flow inside
of cytochrome c oxidase and relieve of nitric
oxidase NO block in the catalytic center of
cytochrome c¢ oxidase (25). Also Presence of
the new blood vessels vertically on the
surface of the wound was found in
comparison to those of the control group, this
result is consistent with (26) who found that
the proliferation of blood vessels in irradiated
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group was superior. In the 8J/ cm? laser
treated group, there is a narrow scar tissue,
presence of thick keratinized layer, and thick
epidermis with upward proliferation of
stratum basal. This result is corresponded
with (14) who found that the thickness of the
keratin layer in the laser-stimulated wound is
similar to that of the intact epidermis, so
regeneration of the epidermis is completely
finished. Also our result is agreed with (27)
who report that the increase in number of
dividing cells and in the expression level of
inducible nitric oxide synthase, keratinocyte
growth factor, and keratinocyte growth factor
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