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Abstract The present work reports the photo-biomodulatory
effect of red (632.8 nm) and near infrared (785 and 830 nm)
lasers on burn injury in Swiss albino mice. Animals were
induced with a 15-mm full thickness burn injury and irradiated
with various fluences (1, 2, 3, 4, and 6 J/cmz) of each laser
wavelength under study having a constant fluence rate
(8.49 mW/cm?). The size of the injury following treatment
was monitored by capturing the wound images at regular time
intervals until complete healing. Morphometric assessment
indicated that the group treated with 3-J/cm? fluence of
830 nm had a profound effect on healing as compared to
untreated controls and various fluences of other wavelengths
under study. Histopathological assessment of wound repair on
treatment with an optimum fluence (3 J/cm?) of 830 nm per-
formed on days 2, 6, 12, and 18 post-wounding resulted in
enhanced wound repair with migration of fibroblasts,
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deposition of collagen, and neovascularization as compared
to untreated controls. The findings of the present study have
clearly demonstrated that a single exposure of 3-J/cm? fluence
at 830-nm enhanced burn wound healing progression in mice,
which is equivalent to 5 % povidone iodine treatment (refer-
ence standard), applied on a daily basis till complete healing.

Keywords Burns - Histopathology - Low-level light therapy -
Wound healing

Introduction

Wound repair is a natural course of action against injury which
comprises multifaceted step [1, 2], regulated upon activation
of a series of molecules such as cytokines, growth factors, and
hormones [3, 4], playing a crucial role in the restoration pro-
cess in response to injury. Any impairment in the cascade may
result in delayed healing. Several systemic and local factors
may also contribute to the cause, leading to the development
of non-healing wounds [5]. In burns, the nature of injury is
complex and is often accompanied by microbial infections
further complicating the healing process [6]. Wide range of
treatment modalities is being practiced in clinics to treat burn
injuries [7, 8]. Despite these advances, the management of
burns still remains a concern and, therefore, development of
new approaches to reduce physical and psychological stress
associated with burns is still needed.

Low-level laser therapy (LLLT) is a non-invasive tech-
nique and is regularly being tested over the decades for its
possible application in tissue regeneration, as it is known to
induce a photo-biological response [9] by altering cellular
redox potential in cells. The effect of this favorable response
triggered at molecular level [10] is being actively investigated
as reported both in vitro [11-13] and in vivo [14, 15] studies.
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However, one limitation of this method is that the light energy
for stimulation in LLLT at threshold can stimulate therapeutic
outcome in low fluence but an inhibitory effect at high fluence
[15]. 1t is highly dependent on several complex laser parame-
ters [16], and the choice of these parameters plays a major role
in the effectiveness of treatment or otherwise, which could
lead to negative therapeutic outcomes as depicted in biphasic
dose-response curve observed in LLLT [17].

In an effort to facilitate the choice of laser parameters, the
present work was designed to interpret the influence of vari-
ous fluences of 632.8, 785, and 830 nm having equal power
density (8.49 mW/cm?). The study will help in selecting an
optimal fluence and appropriate laser wavelength for burn
wound healing in mice. The experimental animals were in-
duced with full thickness burns followed by treatment with
various fluences of selected wavelengths under study. The
optimum fluence and wavelength for best healing was
assessed through morphometric analysis. Histopathological
analysis was performed at various time points for the optimum
fluence to understand the effect of the wavelength in amelio-
rating healing events in burn induced mice.

Materials and methods
Selection of animals

Animals were handled as per the guidelines of the Committee
for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Govt. of India. Experiments conducted
on animals were with prior approval from the Institutional
Animal Ethics Committee (IAEC), Manipal University,
India. Swiss albino mice (total =221) of either sex aged 6—
8 weeks, weighing 25-30 g were selected from an inbred
colony of mice, maintained under controlled conditions of
temperature (23 +2 °C), humidity (50 +5 %), and light/dark
(12 and 12 h) cycle, access to sterile water and food ad libitum
at our institutional animal house facility. All the animals were
monitored carefully throughout the experimental period and
housed individually in polypropylene cages comprising of
sterile paddy husk as quilt.

Mouse model for full thickness burn

Dorsal surface of each animal was depilated using elec-
tronic mouse clipper (Remington, Spectrum Brands Inc.,
Germany). Animals were administered with a cocktail of
anesthesia (65-mg/kg Ketamine -Ancket, Neon
Laboratories, India, and 8-mg/kg Diazepam—Calmpose,
Ranbaxy Laboratories, India) intraperitoneally. The
depilated area was swabbed with disinfectant solution,
and thermal injury was induced by placing a hot alumi-
num rod (15-mm diameter), immersed in boiling water
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bath for 2 min and placed on dorsum surface of the mice
for 60 s to induce burn. Duration required to achieve full
thickness injury was determined by conducting the proce-
dure on animals (n =5, each) for 30, 60, and 90 s.
Histology was performed to analyze the severity of burn
and was confirmed by histopathologist, scored in a
blinded way.

Experimental design

About 170 animals induced with full thickness burn were
randomly divided into 3 major groups (Table 1); Group 1:
untreated control, devoid of any treatment, Group 2: 5 %
povidone iodine (reference standard) (Wokadine, Wockhardt,
Mumbai, India), topical application on a daily basis and
Groups 3-5: served as laser treatment groups for 632.8, 785,
and 830 nm, irradiated with fluences 1, 2, 3, 4, and 6 Jem?,
respectively, only once immediately after wounding. Laser
sources include; Helium-Neon laser—632.8 nm (CVI Melles
Griot, US), and two diode lasers—785 and 830 nm (CNI
Optoelectronics Tech. Co., Ltd.) The laser beam was coupled
with an optical fiber, carried further and coupled to a beam
expander for ensuring uniform laser beam, covering inflicted
area of the mice as shown in Fig. 1. All the laser irradiation
experiments were conducted after 30 min of laser warm-up
time to enable stable laser power throughout the experimental
procedure. Table 2 illustrates the laser parameters used in the
study for irradiating burn inflicted mice.

Morphometric analysis

The animals with burn lesions were monitored, and the images
were captured using digital camera with fixed distance. The
area of the burnt lesions was calculated using AutoCAD 2011,
version 18.1 (Autodesk, Inc., California, USA) software. The
wound area at a particular day was expressed in percentage of
day one by considering the wound area on day one as 100 %
and calculated as follows:

Percentage of wound contraction

wound area on that day < 100

~ total area of wound on day one

The average healing time of animals from each group was
calculated and is represented as mean healing time in days.
The experiments were conducted in duplicates (n=15), and
data were represented as mean =+ standard error of mean.
Statistical analysis was performed using GraphPAD Prism 5
(GraphPad Software, Inc., California, USA) software.
Unpaired ¢ test, one-way ANOVA and two-way ANOVA with
a post-hoc test was used for comparisons. p <0.05 was con-
sidered significant.



Lasers Med Sci (2016) 31:1741-1750

1743

Table 1 Distribution of mice in experimental groups and their
respective fluence

Table 2  Laser irradiation parameters employed on full thickness burn
injured mice

Groups Treatment Parameters Wavelengths—632.8, 785, and 830 nm
Group 1—untreated Devoid of any treatment Mode Continuous wave (CW)
control ) o ) ) Polarization Linear
Group 2—reference standard 5 ‘iaa[;io;wdone iodine applied on daily Power (mW) 15
Irradiance (mW/cm?) 8.49

Group 3—632.8 nm Fluence — 1 J/cm?

Group 4—785 nm 2 J/em?
Group 5—830 nm 3 Vem?
4 J/em?
6 J/em?

Histopathology

Animals (n=36) induced with full thickness burns were
randomly divided into 3 groups; Group 1: untreated con-
trol, devoid of any treatment, Group 2: 5 % povidone io-
dine (reference standard) (Wokadine, Wockhardt, Mumbai,
India), topical application on a daily basis and Group 3:
laser treatment group (optimum fluence and wavelength).
Three animals from each group were euthanized on 2, 6,
12, and 18 days post-injury, and burn tissues were excised,
fixed in Bouin’s solution, processed in series of alcohol,
cleared in xylene, and embedded in paraffin as described
elsewhere [18]. Sections of thickness 4-5 um were obtain-
ed using microtome and stained with Hematoxylin and
Eosin (H and E). Inflammatory levels, neovascularization
and deposition of collagen by fibroblast proliferation, and
epithelialization were assessed qualitatively by a histopa-
thologist in a blinded fashion.

Fig. 1 Schematic representation
of LLLT setup. Setup includes
He-Ne laser—632.8 (1), diode
laser—785 (2) and 830 nm (3),
optical lens (4), XYZ translation
stage with fiber coupler (3), 200-
pum optical fiber (6), beam
expander (7), and power meter (8)

1 (1 min 58 s)
2 (3 min 56 s)
3 (5 min 53 s)
4 (7 min 51 s)
6 (11 min 47 s)

Only once immediately following injury

Fluences in J/em?
(Exposure duration)

Laser exposure
Type of exposure Non-contact
Spot size on mouse (sz) 1.7

Room temperature (°C) 23+2

Results
Standardization of burn injury

Burn injury model for the present study was established by
histopathological evaluation. The histological changes ob-
served after 30, 60, and 90 s burn induction is shown in
Fig. 2. The full thickness burn achieved with 30 s of burn
procedure was limited to epidermis and just extending to der-
mal region of the skin (Fig. 2b). In case of full thickness burn
with 60 s of burn induction, the severity of damage extended
till the reticular dermis to subcutaneous tissue, damaging all
the skin layers (Fig. 2c). In case of 90-s burn induction
(Fig. 2d), the wound extended beyond the subcutis to the
muscle layer, as compared to intact architecture of the un-
wounded skin (Fig. 2a). The severity of the injury was
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Fig. 2 H&E-stained histological
sections of unwounded skin (a),
the skin wounded with 30-s burn
(b), 60-s burn (c), and 90-s burn
(d). Arrows indicate the damages
observed. (HE, x100)

assessed by an experienced histopathologist and confirmed
that 60 s of burn procedure was sufficient to induce full thick-
ness burn in Swiss albino mice.

Morphometric assessment of burn injury

The progression of wound healing was monitored by captur-
ing digital images (Fig. 3) and wound contraction rate for each
group has been illustrated in Table 3. As anticipated, a signif-
icantly enhanced wound contraction on day 3 (p < 0.05), day 9
(p<0.05), day 15 (p<0.05), day 21 (p<0.001), and day 27
(p <0.01) was observed in reference standards as compared to
untreated controls. The group treated with 2 J/cm? fluence of

Fig. 3 Representative Day:3
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632.8 nm showed statistically significant difference on day 27
(p <0.05) as compared to untreated controls, whereas no sig-
nificant difference was observed for the group treated with
various fluences of 785 nm. On the other hand, animals re-
ceiving 3-J/em? fluence of 830 nm have also shown profound
wound contraction as observed on day 21 (p <0.01) and day
27 (p <0.001), compared to untreated controls (Table 3). An
additional bar graph representing the % of wound closure on
day 27 for all the wavelengths under study and respective
fluences, depicting best and poor fluence is shown in Fig. 4.

In order to understand the overall contraction and the
time taken by the animals to heal, the average healing
time was calculated for all the experimental groups
Day 27

Day 15 Day 21
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Table 3 Effect of wavelength
and their respective fluence on Groups Day 3 Day 9 Day 15 Day 21 Day 27
contraction of wound (% of
wound area as on day 1) Control -25.6+3.1 04+43 20.7+4.3 41.1+3.9 70.2+54
5% PI1 —17.1+£2.2% 16.0+£3.5% 36.5+3.5% 72.3 £4.9%%* 4.1 £3.3%*
632.8 nm
1 Jem? -222+39 89+42 29.2+£4.0 482+29 75.8+£5.4
2 Jem? -16.1+2.0 3.5+2.8 222+3.5 64.8+7.9 94.6 £2.2%
3 J/em? —22.7+2.8 3.7+£28 28.5+34 63.9+64 90.3+4.0
4 J/em? —21.7+3.6 102+3.4 29.4+5.0 59.1+£5.0 81.9+5.0
6 J/em® -34.0+2.6 —4.7+4.1 14.7+4.4 40.9+£6.2 69.8+£7.5
785 nm
1 J/em? -25.1+3.6 1.6+43 16.7+5.1 543+93 85.1+6.4
2 J/em? —28.5+3.8 -1.2+48 20.0+54 54.4+59 89.6+4.4
3 J/em? —28.6+2.7 03+43 17.1+4.4 51.6+£74 81.9+7.0
4 J/em? -30.0+1.1 —12.5+2.6 82+4.7 40.8+8.6 73.4+8.7
6 J/em? —239+2.1 —44+39 20.3+4.6 59.9+6.3 85.6+5.7
830 nm
1 J/em? —272+44 22+53 24.6+5.7 67.8+£5.7*% 87.0+6.4
2 J/em? -19.9+23 11.3+3.3 31.1+43 66.2+7.0 90.2+£6.7*
3 J/em? -20.4+3.0 13.3+42 36.5+£5.2 74.2 +£6.2%% 97.8 +£0.5%%*
4 J/em? —24.8+6.2 7.6+4.1 25.8+4.0 61.1+£53 97.6 +£0.6%%*
6 J/em® -16.8+3.4 9.9+53 34.7+6.7 67.6+£7.0% 94.3 £2.0%*

Values represented in mean + SEM
*p <0.05; **p < 0.01; and ***p < 0.001, compared to untreated control

(Fig. 5). The average healing time was found to be 35.4
0.4 days for untreated controls and 29.6+1.0 days for
5 % povidone iodine treatment group. The average
healing time for 632.8-nm treatment group was observed
to be 34.2+0.8, 29.8+0.9, 31.2+0.6, 34.0+1.2, and
34.2+1.0 days post-wounding for 1, 2, 3, 4, and 6 J/
cm® fluence, respectively (Fig. 5a). Similarly, for 785-
nm treatment group, the average healing time was found

2

to be 32.8+1.3, 31.6+0.5, 31.8+0.8, 34.2+1.0, and
34.2+0.9 days (Fig. 5b). Likewise, 830-nm treatment
group exhibited average healing time of 32+ 1.0, 31.2+
1.0, 29.2+0.8, 29.8+0.5, and 31.6 + 1.1 days for 1, 2, 3,
4, and 6 J/cm?, respectively, as shown in Fig. 5c. As
predicted, the reference standard revealed a significant
(p<0.001) mean healing time as compared to untreated
controls. Statistical analysis was also performed for test
groups and observed a significant difference in 632.8 nm

The H and E-stained sections of untreated, positive control

2 I Untreated control exposed with 2 (p <0.001) and 3 J/em? (p < 0.05) as com-

110 ?gg :2 [_1632.8nm pared to untreated controls. Although 785 nm exhibited a

oo = slight response to healing, which is better than untreated

T E: T control, the difference observed was statistically insignif-

£ 90- { { i { Taie—— icant as shown in Fig. 5b. However, 830 nm exhibited a
3 ol i ‘ 1 dl better response with significant difference when exposec21
§ ¢ v with 2 (p <0.05), 3 (p<0.001), 4 (»p<0.001), and 6 J/cm
3 704 (p <0.05), respectively, as compared to untreated controls.
?5 60 -
ES

50 - Histopathological analysis

.

40 =
Kl |
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Fig. 4 The % of wound closure on day 27 for all the wavelengths and
respective fluences depicting the best and poor fluence in decreasing
order. Data represented as mean + SEM
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and test (830 nm 3 J/cm?) groups were qualitatively assessed
by an experienced pathologist in a blinded manner. Figure 6
represents the outcomes of histopathological observations.
Group treated with 3 J/cm? fluence of 830 nm displayed mild
inflammation in between the subcutaneous region with
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Fig. 5 Mean healing time of
untreated control and test groups
0f 632.8 (a), 785 (b), and 830 nm
(¢) irradiated with 1, 2, 3, 4 and
6 J/em? along with 5 % Povidone
iodine as reference standard. Data
points represented in mean
+SEM. *p <0.05 and

*#%p <0.001 as compared to
untreated controls

(Untreated control)

(5% Povidone iodine)

(830 nm 3 J/cm?)

Fig. 6 Microscopic images of histopathological changes on 2, 6, 12, and
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18 day post-wounding in untreated control (a—d), 5 % Povidone iodine
(e~h) and 830 nm 3 J/em? (i-1). H & E-stained sections of untreated
control showed persistence of dense inflammation on day 2 and 6 at
subcutaneous region with slight neovascularization and fibroblast
proliferation. However, 830 nm 3 J/cm? displayed mild inflammation,
mild to moderate level of neovascularization and fibroblast
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exhibited better epithelialization at wound margin and abundant
neovascularization with fibroblast proliferation and deposition of denser
connective tissue, compared to untreated control persisting with scanty
inflammatory cells, loose connective tissue, and moderate level of
neovascularization. (HE, x400)



Lasers Med Sci (2016) 31:1741-1750

1747

marked edema and tissue necrosis on day 2 post-irradiation.
While untreated controls were mostly necrotic and edematous
with persistence of intense inflammation, presence of neutro-
phils and lymphocytes extensively at subcutaneous region. At
day 6 post-wound irradiation, with the presence of mild in-
flammation with occasional neutrophils, moderate amount of
plump fibroblasts was found, deposition of collagen, minimal
granulation tissue formation at wound edges and mild to mod-
erate level of neovascularization was observed at subcutane-
ous region. In contrast, minimal neovascularization and fibro-
blast proliferation with dense inflammation persisted in un-
treated controls. By day 12 post-wound irradiation (830 nm
3 J/em?), regenerating epithelium was observed with better
neovascularization, moderate amount of granulation tissue
with denser packing of collagen was observed as compared
to untreated controls, where the presence of plasma cells at
mild to moderate levels was observed. Mild to moderate levels
of macrophages were observed at days 2, 6, and 12 post-
wounding in almost all the groups under study. At day 18,
epithelialization at wound margin with abundant neovascular-
ization and denser connective tissue with random arrangement
of collagen fibers was observed in group 830 nm exposed to
3 J/cm?. In contrast, in untreated controls, the connective tis-
sue was still loose and moderate level of neovascularization
was observed. Scanty neutrophils and plasma cells persisted at
low levels in an edematous tissue.

Discussion

The use of in vitro models in the field of burns evaluating the
progression of healing has limitations in assessing the com-
plexity behind the disease. Nevertheless, in vivo rodent
models like mouse and rat have been found suitable for study-
ing burns injury and evaluating the progression of healing
[19]. Further, mouse are easy to handle and cost effective as
well making the monitoring process post-burn injury simple
due to its reduced healing time [20]. Therefore, in the present
study, mouse has been used for evaluating the treatment out-
comes in burn wound healing. Standardization of burn wound
model seeking reproducibility in the study outcomes is anoth-
er important aspect when studying factors related to burn in-
jury. To induce burns on animals, the present study adapted
heating metal method [21] and standardized the time duration
for creating full thickness burns at our facility through histo-
pathological assessment of the corresponding changes as com-
pared to untreated controls (Fig. 2). The histopathological
analysis revealed that 60 s of burn procedure was suitable
for inducing full thickness burn in Swiss albino mice.

The biphasic dose-response generated in LLLT is frequent-
ly related with the “Arndt Schultz law,” which states that
“weak stimuli increases physiologic activity, moderate stimuli
inhibit activity and very strong stimuli abolish activity.” In

context to LLLT, the stimulus could be irradiation time or
irradiance (laser beam intensity) [17]. The therapeutic effect
of laser therapy is highly dependent on the factors like laser
beam intensity, laser exposure, and the fluence delivered.
However, a recently published article [22] has clearly stated
the importance of key illumination parameters in improving
the repeatability and reliability of study outcomes. Based on
these, the laser parameters described in Table 2 such as beam
area, power, irradiance, fluence, and exposure time were kept
constant, except for the wavelength, the influence of which
was evaluated in the present study. Hence, the observed
photo-biomodulatory effects in the present study following
LLLT could be contributed by the laser wavelengths under
study. Nevertheless, the wavelengths to be evaluated were
selected based on the oxidized forms of the copper centers
present in cytochrome ¢ oxidase (CCO), which are responsible
for the photo-biomodulatory effect and are sensitive to red and
near infrared lights (620-820 nm) [23], as reported by Karu
[24]. There are several studies in the literature of using 632.8-
nm irradiation on burn wound healing reporting efficacious
outcomes [25, 26]. However, studies using 785-nm irradiation
on burn wound healing showing progressive outcomes are
very few [27]. Recently, there are fewer reports of using
830-nm irradiation as well on burn wound healing [28, 29].
The use of three laser wavelengths (632.8, 785, and 830 nm)
in the present study intended to understand the influence of
laser fluences for all the wavelengths in burn wound healing
and to make a comparative evaluation for selecting an optimal
fluence of a wavelength showing accelerated tissue regenera-
tion. Our intension was also to evaluate whether the observed
photo-biomodulatory effects was due to the laser fluence spe-
cific to a particular wavelength or to the laser fluence alone.
Wound closure can be referred as the boundaries of the
injury travelling towards the center and can be assessed
through parameters like percentage of wound contraction
and average healing time [15, 30]. The groups irradiated with
laser exhibited a better wound contraction rate as compared to
untreated controls. During the progression of healing, an ini-
tial expansion of the wound [31] was observed at initial days
in all the groups, which subsequently reduced to the original
size and eventually contracted. We observed that 830-nm
treatment group was more potent as observed in morphomet-
ric analysis when compared to other two wavelengths. While
632.8 nm showed a partial effect in the healing of burn injury,
785 nm showed a limited effect in the study. Although, the
healing time for 632.8 nm (2 J/cm?) was almost similar to that
of 830 nm (3 and 4 J/cm?), the independent ¢ test (data not
shown) revealed 830-nm treatment significantly reduced the
healing time (p <0.01) as compared to 632.8 nm (mean +
SEM, 30.7+0.4 days vs. 32.6 0.4 days) treatments.
Furthermore, two-way ANOVA was also performed (data
not shown) to determine the interaction between the wave-
length and fluence for the healing time, but no such interaction
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in the present study was observed (p > 0.05). The morphomet-
ric observation revealed that the group treated with 3-J/cm?
fluence of 830 nm exhibited best response with an optimum
effect when compared to other groups and statistically signif-
icant when compared to untreated controls. In order to further
evaluate the efficacy of 3-J/cm? fluence of 830 nm showing
optimum tissue regeneration, histopathological analysis was
also performed. Wound healing can be investigated at several
levels of the healing progression with histopathology by uti-
lizing stains specific to cellular and tissue components of the
skin. As reported in literature [31, 32], the use of H and E
staining has the ability to qualitatively assess numerous path-
ological parameters and the same was used in the present
study to assess the efficacy of 3-J/em?® fluence of 830 nm on
burn wound healing. The histological observations revealed
that the group treated with 3-J/cm? fluence of 830 nm exhib-
ited favorable outcomes compared to untreated controls. This
led to a more beneficial response in controlling the levels of
inflammation and thereby regulating proliferation, neovascu-
larization and remodeling during the healing. These findings
were in accordance with the earlier studies using low doses of
near-infrared wavelengths [28, 32, 33]. Further, it is a recog-
nized fact that proliferation phase is characterized by forma-
tion of new blood vessels, granulation tissue formation, and
re-epithelialization in histological analysis as observed in the
present study on day 12 and 18 post-wounding with 3-J/cm?
fluence of 830 nm. A similar observation was also reported on
cutaneous wound healing by Rezende and co-workers with
1.3-J/cm? fluence of 830-nm treatment [32]. This may be
due to the type of wound (cutaneous) examined as well as
the laser fluence rate (53 mW/cm?) used in their study as
compared to the present study on full thickness burns irradi-
ated with fluence rate of 8.49 mW/cm?. Several studies have
also reported the use of near-infrared wavelengths at low
doses to stimulate enhanced deposition of collagen and tensile
strength of collagen fibers [32, 34]. In the present study, treat-
ment with 3-J/cm? fluence of 830 nm showed a similar obser-
vation with a modest amount of granulation tissue and denser
packing of connective tissues in the wound bed.

Healing of injury requires continuous supply of energy in
the form of ATP to repair damaged tissues and provide all the
necessary nutrients to restore the healthy tissues.
Mitochondria which is a source of ATP is particularly sensi-
tive to monochromatic lights due to the presence of transmem-
brane protein CCO involved in the respiratory chain. Karu
et al. have shown the existence of a wide range of absorption
spectrum of CCO ranging from visible to near-infrared region
of the electromagnetic spectrum [24, 35]. The response ob-
served in the present study at 830-nm treatment may be due to
the oxidized activity of CCO [34] and its ability to penetrate
deeper into the tissues. In contrast, 632.8 nm is readily
absorbed by various components in the skin and tissues, lim-
iting the penetration depth to less than 3—5 mm [36]. On the
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other hand, 785 nm had limited effect, perhaps due to the
reduced form of CCO at wavelengths 750—770 nm with lim-
ited biochemical activity [10, 34].

Povidone iodine is known for its wide spectrum of micro-
bicidal activity against bacteria, protozoa, fungi, and virus and
has been accepted to treat burn injuries in clinical settings
[37-39]. The free iodine is slowly discharged from the
povidone iodine complex and aids in anti-microbial activity
by lipid iodination, cytoplasmic and membrane oxidation.
Povidone iodine has also shown excellent healing properties
on both open [40, 41] and burn wounds [42, 43], acting as an
effective barrier against microbial infection and promotes
wound healing [44]. Based on these evidences, povidone io-
dine (5 %) was used as a reference standard to evaluate the
efficacy of all the laser treatment groups under study. In the
present study, the group treated with optimum laser fluence
and wavelength was performed only once after the injury,
while 5 % povidone iodine was applied on daily basis as
prescribed by the clinician, till complete healing.
Surprisingly, 3-J/cm? single exposure of 830-nm treatment
group exhibited a similar effect as that of 5 % povidone iodine
treatment in enhancing burn wound healing. This observation
was noticed both in biophysical and histopathological evalu-
ations of 3-J/cm? fluence of 830-nm treatment confirming the
healing potential of the laser wavelength and fluence. The
advantage of using LLLT as a treatment modality is its non-
invasive nature and has a huge potential of photo-
biomodulatory effects when applied at an optimum dose of a
suitable wavelength. While in topical application there is a
chance of disturbing the wound and most importantly the
possible side effects of Povidone iodine, i.e., excessive iodine
resorption in clinical consequences may lead to systemic ef-
fects [45]. However, investigating the physical interaction be-
tween the photons and CCO [46] in mitochondria could help
in solving the mystery of LLLT mechanism and could relate to
the results observed in the present study of 3-J/cm? treatment
with 830 nm in enhancing burn wound healing in mice.

Conclusion

In summary, low-power lasers at wavelength 632.8, 785, and
830 nm have shown beneficial effects in burn wound healing,
compared to untreated controls. Further, 3-J/cm? fluence of
830 nm exhibited the best response among the other wave-
lengths and fluences under study in enhancing wound repair in
full thickness burn injury in mice. The treatment promoted
proliferation, neovascularization, deposition of collagen,
denser packing of connective tissue, and epithelialization at
faster rate to contract the wound, compared to untreated con-
trols. Surprisingly, the response observed in the single expo-
sure of 3-J/em? treatment of 830 nm was equivalent to the
reference standard applied on daily basis. Upon additional
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evaluation by different groups, this could be an alternate
source of therapy in near future for treating full thickness burn
injuries.
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