Available online freely at www.isisn.org

Bioscience Research

Print ISSN: 1811-9506 Online ISSN: 2218-3973

Journal by Innovative Scientific Information & Services Network

S,

£ ¥
£
%Q/ E‘B

RESEARCH ARTICLE BIOSCIENCE RESEARCH, 2020 17(1): 25-32. OPEN ACCESS

Low-energy Gallium Arsenide laser versus polarized
light on healing of full-thickness wound in rats

Hesham Galal Mahran El-Sayed*, Ali Abd EI-Monsif Thabet!, Mohamed Mohamed
Ibrahim Ali' and Mohamed Raafat Abdalla?2

1Physiotherapy and Rehabilitation Department, Faculty of Applied Medical Sciences, Umm Al-Qura University,
Mecca, Saudi Arabia.
2Department of Pharmacology & Toxicology, College of Pharmacy, Umm Al Qura University, Mecca, Saudi Arabia.

*Correspondence: heshammahran75@yahoo.com Received 01-01-2020, Revised: 19-01-2020, Accepted: 20-01-2020 e-
Published: 30-01-2020

Objective: To compare between Gallium Arsenide Laser and Polarized Light effects on Full-Thickness
wound healing in rats Methods: Sixty mature male albino rats were included. While rats were under
anesthesia, area of skin with five-centimeter square (2x2.5cm) was excised from all rats nape, and then
rats were assigned directly into three groups equal in number; Group A) received low-intensity laser
(GAIAs Laser, 830 nm), Group B) received polarized light (400—2000 nm). Irradiation and illumination
starting immediately after surgery as wound irradiation by laser or wound illumination by polarized light
occur at an equal distant point from each wound and both groups received total energy of 20 joules and
at a rate of three times per week and for two weeks for both light techniques. Group C: received no
treatment. Outcome measures: Wounded area and contraction rate measured after 7 days, and 14 days
of treatment. Results: In both GAIAs Laser group and polarized light group, there was a better significant
reduction of WSA along with better contraction rate than those in the control group, also, significantly,
there was a difference between both light groups effects on wound recovery. Conclusion: Both GAIAs
Laser and polarized light with the total received the energy of 20 joules have a facilitating effect on
wound healing in addition, polarized light had a better wound healing effect than GAIAs laser.
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INTRODUCTION 1992, In de Braekt et al.,1992, Pogrel et al.,

The laser biological effects cannot belong to
the heating effect as there is no thermal effect for
a therapeutic laser on tissues (Basford, 1995).
The magnitude of the laser effects based on the
cells' physiological state or the clinical condition of
the pre-irradiation state and this gives the
evidence that the biomodulation effect may not
always observable (Karu, 1989). Regarding
therapeutic doses, many previous studies
reported that therapeutic laser with low doses has
positive effects on living cells (Van, 1992, Reddy
et al.,,1998). Controversy, a laser with higher
doses has no positive effects on tissues (Van,

1997, Sommer et al., 2001 ). The wavelength of
the laser is characterized by monochromaticity
and coherence, so laser has a highly focused
intensity (Van, 1992, Pinheiro et al., 2000,
Pinheiro et al., 2000 a,b). Studies reported that
maximum cell proliferation occurs after 24 post-
laser irradiation but as time increased while
maintaining the same output power, cell
stimulation decreased (Kreisler et al., 2002). in the
same ratio, the amount of energy within the tissue
will increase, so tissue wit larger volume will
receive doses within the therapeutic range (Tuner
and Hode, 2004).In a correct treatment protocol,
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tissue healing responds to the coherence of light,
but no response to incoherent light ( Nicola J and
Nicola E, 2002, Rosner et al.,1993). In spite of the
reduction of coherence with more tissue
penetration by laser, there is enough coherence to
induce a positive effect (Tuner and Hode, 2004).
Light from alternative sources has been used to
enhance healing of the wound, polarization is
considered as laser light characteristic which a
cause of the biomodulation, so, biomodulation of
biological tissues may attribute to other sources of
polarized light (Pogrel et al., 1997, Fenyo, 1984).
Polarized light therapy is a modern
therapeutic approach, in which linear polarized
polychrome light was utilized, in Polarized light,
the beam is concentrated and focused beam as
parallelism moves of light waves. Contrary to
normal light, when waves open in every direction,
common light refraction through special mirrors
and filtration through a specific system produces
polarized light (Monstrey et al., 2002a). polarized
light has beneficial biological effects to improve
cell membrane function and increase the
production rate of mitochondria adenosine

triphosphate. Furthermore, it decreases
inflammation, improves microcirculation and
tissue oxygenation, facilitates fibroblast
propagation, collagen composition, and

accelerated epithelization. By improving these
functions, this approach has led to the
improvement of the wound healing process
(Monstrey et al., 2002b).

The present study aimed to evaluate and
compare the healing process of wounds exposed
to Gallium Arsenide Laser with 830 nm or
polarized light (Bioptron System ) with 480 - 3400
nm with a total energy of 20 Joules for bot lights.

MATERIALS AND METHODS

Animals

Sixty young mature male albino rats were
housed in a condition of the same temperature
and brightness of environment in the Laboratory
of Animal Experimentation at the Medicine Faculty
at the University of Um Al Qura. Rats have cared
according to the Guide of Experimental Animals
Care and Use of Umm Al-Qura University, KSA,
and International Principles associated with
Animal Research were followed in the whole
study. Each rat was lived in an individual cage,
was fed a registered pelted diet and had drinking
water throughout the full time of the study.

Creating a wound model

The skin area on the upper back of each rate was
prepared as it was saved and cleaned by alcohol
70% then under anesthesia, the surgical
excisional procedure was performed to create a
uniform area of wound approximately five-
centimeter square (2.5x2 cm).

Research design:

The study was a randomized controlled study as
rats were randomly assigned straight into 3
groups.

Treatment intervention

Laser group (1):

Twenty rats were irradiated by beam of
Gallium Arsenide Laser, (830 nm, BTL 5000, UK)
as the manufacturer's instructions were followed
using the subsequent parameters; 4 Jouls /cm?,
the total energy of 20 Joules, three times per
week for two weeks, and scanning method was
used with perpendicular alignment at distant of 10
cm from the area of the wound.

Polarized light group:

Twenty rats were illuminated by polarized light
(Bioptron, 480-3400 nm, AG, made in
Switzerland) as the manufacturer's instructions
were followed. In treatment procedure, The
Bioptron device head was aligned perpendicular
at distant of 10 cm from the area of the wound,
the polarization degree was above 95%, polarized
light intensity was around forty mW/cm2 which
gave an average fluence of 2.4 Joules/cm2 every
minute, each session duration was 8 min.and 20
sec with total energy of 20 Joules and the
treatment frequency was 3 times per week, and
for 2 weeks.

Untreated (control) group:
Twenty rats had no treatment.

Measurement and evaluation:
Wound area and contraction rate
measurement:

A sterilized transparency metric grid of
double-layered sheet 16 x 16 squares (1 cm2
each) was applied directly over the wound and a
fine tip marker was used to trace wound outline.
HP LaserJet p2030 equipped-scanner was used
for scanning traced sheets to be saved on
personal computers, opened on photoshop Adobe
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Photoshop CS6 program and the pixel numbers in
scanned traced wound area were counted in
addition number of pixels per centimeter square
were estimated. Then, dividing total pixel numbers
in the wound by the number of pixels in the
square centimeter gave the wound area in
centimeter square (Li et al.,2012).

-The rate associated with wound closure was
calculated utilizing the following formula:

[(Area of 1st day— Area of X days) /Area
associated with 1st day] X 100.
-In each group, the wound area plus the rate of
contraction for each rat had been measured two
times; after 7 days, and 14 days of treatment.

Statistical analysis

The outcomes were collected and examined using
the SPSS program (V.16) as means plus standard
deviations were determined in addition, as

parametric procedures, one way ANOVA in
addition to repeated measures were utilized to
compare mean values among groups as well as
within a group respectively. A probability value
less than (0.05), the differences between means
had been defined as significant differences
(Riedel, 2005).

RESULTS

Wound Surface Area (WSA) and the rate of
contraction:

The results considered in table 1 and in
figure 1 show a highly significant wound surface
shrinking within all groups throughout different
measurement phases (p-value < 0.0001) for all
measures, as data were analyzed by repeated-
measures ANOVA.

Table 1. Comparison of wound surface area (WSA) and healing rate mean values after (1st, and

2nd weeks) within a group and between groups.

Day(0) 15t week 2" week P-value
Mean + SD WSA WSA Healing WSA Healing
(cm?) (cm?) Rate (%) (cm?) Rate (%)
PL. G. 5.11+0.01 | 2.61+0.49 | 48.75+9.94 0.1+0.04 97.9+0.83 0.0001
GL.G. 5.10+0.08 | 2.89+0.41 | 43.48+7.39 | 0.25+0.14 94.9+2.85 0.0001
Control G. 5.16+0.13 | 3.33+0.31 35.37+6.2 0.37+£0.10 | 92.71+2.08 0.0001
P value 0.41 0.001 0.0001
1vs2=(0.13) 1vs2=(0.003)
PofetSTOC 2vs3=(0.017) 2vs3=(0.015)
1vs3=(0.0001) 1vs3=(0.0001)
F value 0.90 8.5 17.32
PL.: Polarized light GL.: Gallium Arsenide Laser
PL. group: (1): PL. group, (2): GL.group, (3): Control group.
(2) vs. (2): Comparison between PL.group and GL.group group.
(2) vs. (3): Comparison between GL.group and control group.
(1) vs. (3): Comparison between PL.group and control group.
6
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Figure 1: Comparison of wound surface area mean values within each group at different

treatment phases
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At day (0), there were no statistically
significant differences between groups as (p-value
equal to 0. 41) (An area of each wound was
approximately 5 cm?).

After 1st week, the results in table 1 and
figure 2 show that the mean value of WSA in
polarized light (PL.) group was (2.61+0.49) with
contraction rate mean of (%48.75+9.94), and it
was (2.89£0.41) for gallium arsenide light (GL.)
group and with contraction rate mean of
(%43.48+7.39) while it was (3.33+0.31) for control
group with contraction rate mean of (%635.37+6.2),
analysis of outcomes by one-way ANOVA,
revealed that there were statistically significant
differences between groups as (p-value equal to
0.001), additional analysis by Post Hoc test
provided that there were no differences between
the mean of W.S.A or contraction rate in PL.
group and parallel measures in GL.group as p-
value was (0.13), while, significantly, there were
differences between; the mean of W.S.A or
contraction rate in PL. group and parallel
measures in control group and the mean of W.S.A

or healing rate in GL. group and in control group
after 1s'week as p-value were (0.0001), and
(0.017) respectively.

After 2nd week, table 1 and figure 2 show
that;, mean of the WSA in PL. group was
(0.1x0.04) cm2, with contraction rate mean of
(%97.9+0.83) while the mean of the WSA was
(0.25+0.14) cm2 with contraction rate mean of
(%94.9+2.85) in GL. group and it was (0.37+0.10)
cm2 and contraction rate mean of (%92.71+2.08)
in control group; the analysis of these data
revealed that there was a significant difference
between the groups (p-value = (0.0001). Detailed
analysis of the data revealed that; there were
significant differences between; the mean of
W.S.A or rate of healing in the PL. group and that
in GL. Group, the mean of W.S.A or contraction
rate in the PL. group and that in the control group
and the mean of W.S.A or contraction rate in the
GL. group and that in the control group as p
values were (0.003), (0.0001) and (0.015)
respectively.
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Wound surface area in cm?
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Figure 2: Comparison of wound surface area (WSA) mean values between groups at different

treatment phases.
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DISCUSSION

In this study, a uniform surgical wound model
was created in rats in order to compare between
the effects of Gallum Arsenide laser and
polarized light on healing of full-thickness wound,
and the results of the study elicited that there
were significant wound contractions and better
healing rate in PL. group and in GL. group when
respectively compared to measures in control
group after 1st and 2nd weeks as p-value was < (
0.05) for all measures. these results may attribute
to the efficient healing effect of both approaches;
Gallium Arsenide laser and polarized light at a
total energy of 20 Joules and the results were
consistent with following previous studies:

Polarized Light and Wound:

Electric and magnetic forms of polarization
are the main causes of therapeutic effects light,
not its wavelength (Nicola J and Nicola E, 2002).
After a few millimeters of penetration, the
polarization is lost and the peak penetration is
continued produced by collagen fibers through
polarized light scattering (Anderson, 1991),
polarization in a Linear direction can penetrate 1.2
millimeters of human skin with no polarization loss
(Tuchin, 2000).

Polarized light which is emitted from an
incoherent source of light is like a low power laser
in bio- stimulating living tissues. 480-700 nm of
visible light and 700-2000 nm of infrared light are
combined in a Bioptrona lamp, it is similar to low
power laser as it is a light source with low power,
but it is different in that it is incoherent and
polychromatic light. Both of the electromagnetic
spectrum parts present in this polychromatic light
source is responsible for photo bio-stimulating
effects through different mechanisms. at different
cellular levels, the cascade of metabolic events
starts and leads to the same final photoresponse.
Visible light absorption stimulates mitochondria
which is one of the main visible light effects, a
sequence, which results in cell energy increased,
nucleic acid synthesis activated, and wound
repaired (Tuner and Hode, 2004).

The cellular membrane bilipid layer is affected
by a polarized light as the lipids end polarized and
directed to the polarization source and its
structures changed. The cellular membrane
reorganization occurred as a result of energy
transfer from the lipids to proteins and this affects
all regulation processes of the membrane (Fenyo,
1984, Kubasova et al.,1988).

A significant beneficial effect of polarized light

on wound healing has been confirmed in many
studies as it has been demonstrated that
polarized light speeds up wound contraction,
reduces exudation, improves scar tissue formation
quality, fastens the wound closure and enforces
wound tensile strength. From different studies,
different Polarized light effects have been proved,;
it enhances humoral and cellular defense
mechanisms in human being, stimulates release
of cytokines, and growth factors, and increases
collagen formation. Also, the use of polarized light
may also stimulate peripheral vasodilatation,
improve blood circulation to the skin and deliver
good oxygenation and nutrients to the wound site
(Bolton,1992, Melo et al.,2001).

Gallium Arsenide Laser and wound:

The laser bio modulation effects are
depended on the theory that photo acceptor
elements, such as hemoglobin, oxyhemoglobin,
melanin, and cytochrome c oxidase, engulf light
energy then the energy is converted to chemical
energy inside the cell (lordanou, 2002).

Cytochrome m. oxidase as one of the photo
acceptor elements accepts photons and
stimulates changing in the redox of mitochondria
and facilitates ion movement across the internal
membrane of mitochondria as well as speed up
ATP formation (Fukuda,2010). Also, intracellular
calcium (Ca2+) increases and enhances DNA
and RNA formation, and followed by activating
intracellular indicators cascade (Houreld, 2014).
Which represented by promotes DNA duplication,
speeds up protein formation, facilitates the
release of different cytokines and enhances
oxidative stress regulation, (Karu, 1999, Silveira et
al., 2009) All these events lead to of different cell
types modulation which is responsible for steps of
tissue rebuilding (Alves, 2013), Which include
fastening of fibroblast divisions (Bayat and Azari,
2010), promoting of angiogenesis (Bayat and
Azari, 2010, Bates—Jensen,1997), changes in
cytokines activity (Schubert, 2001), and helping
fibroblasts transforming into myofibroblasts (Bayat
and Azari, 2010).

Many studies investigated the effect of low
power lasers on normal wound healing as well as
on delayed wound healing, animals and human
were included in studies and they reported that
low power lasers speed up wound closure,
stimulate  fibroblasts  replication, promote
endothelial cells blood vessel growth, increase
tensile strength, decrease inflammation, and
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induce synthesis of collagen in normal cutaneous
wounds, (Bates—Jensen,1997, Schubert, 2001),
ulcers (Schubert, 2001), superficial thickness
wounds in healthy humans, ( Hopkins et al.,2004),
and in rats, (Bayat and Azari, 2010, Monici et
al.,2008).

Despite a positive bio-modulatory effect for
both therapies using the same total dose (20
Joules) as irradiated or illuminated rats showed a
more wound shrinking in comparison to untreated
rat, the study results at the end of 1st week, also
founded that there was slight difference between
two groups receiving therapies in form of better
wound contraction in PL. group than in GL. group
but not reach a significant level as p-value was
(0.13), while at the end of 2nd-week the difference
between two groups increased and reached a
significant level in form of better wound
contraction and lesser wound areas in the PL.
group than in GL. group as the p-value was
(0.003).

The above results are aligned with previous
reports, which stated that subjects who were
irradiated by laser light had a fewer number of
myofibroblasts (Fisher et al.1983, Luomanen et
al., 1988), while subjects who were illuminated by
polarized had more numbers of myofibroblasts
(Antonio, 2005). Previous wound healing studies
found that there is a linear relationship between
myofibroblasts numbers and the amount of wound
contractions as a smaller number provides smaller
contraction and vice versa (de Freitas, et al.,
2002, Pinheiro, 1993).So the previous study may
confirm and explain our study results as the better
wound healing in a polarized light group
compared to the laser group which represented by
larger wound contraction may be attributed to
larger myofibroblasts number. In spite of the
causes for that result maybe not completely clear,
responsibility for that result may be related to
some properties which distinguish two lights such
as monochromaticity and coherence (Antonio,
2005). In most studies, the use of coherent and
incoherent lights has different impactions on
tissues (Tuner and Hode, 2004), and in polarized
light, as the light penetration depth increases
within the tissues, the light polarization degree
decreases ( Nicola J and Nicola E, 2002). While in
laser light, the penetration depth is power
independent and laser biological effect relies on
the power value and maximum penetration which
may affect the intensity effect of laser light on
deep tissue. So The laser therapy effect may be
detected in 4 cm deeper. While non-coherent
polarized light effects may be observed in the

form of more superficial biostimulation as provide
faster epithelialization (Tuner and Hode, 2004).

CONCLUSION

Both Gallium Arsenide Laser and Polarized Light
with total light energy of 20 joules speed up full-
thickness wound healing in addition polarized light
has been found to have more better wound
healing effect than GAIAs laser.
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