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Abstract

Low-level laser (light) therapy (LLLT) promotes wound healing, reduce pain, inflammation, and
prevent tissue death. Studies have explored the effects of various radiant exposures on the effect of
LLLT, however studies of wavelength dependency in in vivo models are less common. In the
present study, healing effects of LLLT mediated by different wavelengths of light in the red and
near infrared (NIR) wavelength region (635, 730, 810 and 980 nm) delivered at constant fluence
(4 J/em?) and fluence rate (10 mW/cm?) were evaluated in a mouse model of partial-thickness
dermal abrasion. 635 and 810 nm wavelengths were found to be effective in promoting healing of
dermal abrasions. However, treatment using 730 and 980 nm wavelengths showed no sign of
stimulated healing. Healing was maximally augmented in mice treated with 810 nm as evidenced
by a significant wound area reduction (p < 0.05), enhanced collagen accumulation, and complete
re-epithelialization as compared to other wavelengths and non-illuminated controls. A significant
acceleration of re-epithelialization and cellular proliferation revealed by immunofluorescence
staining for cytokeratin-14 and proliferating cell nuclear antigen (PCNA) (p < 0.05) was evident in
810 nm compared with other groups. Photobiomodulation mediated by red (635 nm) and NIR (810
nm) light suggests that the biological response of the wound tissue depends on the wavelength
employed. The effectiveness of 810 nm agrees with previous publications, and together with the
partial effectiveness of 635 nm and ineffectiveness of 730 and 980 nm can be explained by the
absorption spectrum of cytochrome ¢ oxidase, the candidate mitochondrial chromophore in LLLT.
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Introduction

The use of laser or other light sources at non-thermal irradiances for healing, and relief of
pain and inflammation (among other medical applications) is known as low-level laser (or
light) therapy (LLLT), phototherapy or photobiomodulation. In past few decades large
numbers of reports demonstrating positive effects of LLLT in various in vitro [1-7], in vivo
[5, 8-12] and clinical studies [13-16] have been published. LLLT has emerged in recent
years as a non-invasive physical modality for various musculoskeletal, neurological and
cutaneous disorders [17]. LLLT involves exposing cells or tissue to low-levels of red and
near infrared (NIR) light, and is referred to as ‘low-level’ because of the use of light at
energy or power densities that are low compared to other forms of laser therapy that are used
for ablation, cutting, and thermally coagulating tissue.

The mechanism associated with the photobiostimulation by LLLT is not yet fully
understood. It appears that LLLT has a wide range of effects at the molecular, cellular, and
tissular levels. The basic biological mechanism behind the effects of LLLT is thought to be
through absorption of red and NIR light by chromophores, in particular cytochrome ¢
oxidase (CCO) which is unit IV in the respiratory chain located within the mitochondria
[18], and perhaps also chromophores in the plasma membrane of cells, and thereafter a
cascade of events occur in the mitochondria, leading to biostimulation of various processes
[19]. Absorption spectra obtained for CCO in different oxidation states were recorded and
found that to be very similar to the action spectra for biological responses to LLLT [18]. It is
assumed that this absorption of light energy may cause photodissociation of inhibitory nitric
oxide from CCO [20] leading to enhancement of enzyme activity [21], increased electron
transport [22], oxygen consumption, mitochondrial respiration and ATP production [23]. In
turn, LLLT by altering the mitochondrial or cellular redox state can induce the activation of
numerous intracellular signaling pathways; alter the affinity of transcription factors
concerned with cellular migration, proliferation, survival, tissue repair and regeneration
[18].

Although LLLT is now used to treat a wide variety of ailments, it still remains somewhat
controversial as a therapy for two principle reasons: firstly there remain uncertainties about
the fundamental molecular and cellular mechanisms responsible for transducing signals
from the photons incident on the cells to the biological effects that take place in the
irradiated tissue. Secondly a large number of dosimetry parameters which are mainly
categorized in two ways, i.e. the irradiation or the ‘medicine’ (wavelength, irradiance or
power density, pulse structure, coherence, polarization); and the delivered fluence or dose’
(energy, fluence, irradiation time, repetition regimen). A less than optimal choice of
parameters can result in reduced effectiveness of the treatment, or even a negative
therapeutic outcome [17]. As a result, many of the published studies on LLLT include
negative results simply because of an inappropriate choice of light source and dosage [24]. It
is important to consider that there is an optimal dose of light for any particular application,
and doses higher or lower than this optimal value may have no therapeutic effect. In fact,
one important point that has been demonstrated by multiple studies is the concept of a
biphasic dose response depicted by LLLT [17]. Laser radiation or non-coherent light has a
wavelength and radiant exposure dependent capability to alter cellular behavior in the
absence of significant heating [25]. Phototherapy includes wavelengths of between 500-
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1,100 nm and typically involves the delivery of 1-4 J/cm? to treatment sites. There is a
considerable debate in the literature about the differences between the cellular effects of
monochromatic laser-light and polychromatic light from non-laser light sources [16, 26]. In
this context, earlier our group demonstrated that LLLT stimulated healing of excision-type
dermal wounds in mice and reported no difference between non-coherent 635 + 15 nm light
and coherent 632.8 nm laser [8] irradiations performed using same spot size and same
fluence (2 J/cm?). While the various studies exploring the effects of different power and
energy densities on the outcome of the treatment however, the studies of the wavelength
dependency, especially in in vivo models are less widespread. In view of the wide variety of
different light sources available to perform LLLT it is important to define all parameters
exactly so that studies can be compared with each other.

Since light has a wavelength dependent capability to alter cellular behavior, hence in the
present study, healing effects of LLLT mediated by different wavelengths of light in the red
and NIR wavelength region (635, 730, 810 and 980 nm) delivered at constant fluence (4 J/
cm?) and fluence rate (10 mW/cm?) were evaluated in a mouse model of partial-thickness
dermal abrasion. This study aimed to identify the light wavelength that would augment
healing process by improving wound contraction, cellular proliferation, collagen deposition
and re-epithelialization in partial-thickness dermal abrasions.

In this study, we used a mouse model of a partial-thickness dermal abrasion to mimic the
dermal scrape in humans (skin trauma including sports, road accidents and combat
situations). Dermal abrasions are wounds that rub or tear off the upper layer of the skin
comprising of epidermis, and partially damaged dermis up to subcutaneous layer. Human
wound healing is governed by re-epithelialization not by contraction, which is commonly
observed in excision-type wound healing in animals. The animal possesses a subcutaneous
panniculus carnosus muscle, which contributes to the repair via contraction and collagen
formation. However, this structure is absent in humans. The present partial-thickness dermal
abrasion mouse model was used to evaluate the effect of LLLT in a wound healing model
where re-epithelialization is the dominant mode of healing rather than wound contraction
and which also represents a high clinical relevance. Further, in this study the re-
epithelialization and cellular proliferation in the LLLT-induced partial-thickness dermal
abrasion were monitored by using specific molecular markers viz. cytokeratin-14 and
proliferating cell nuclear antigen (PCNA) respectively.

The experiments were approved by the Subcommittee on Research Animal Care of
Massachusetts General Hospital (IACUC) and were in accordance with NIH guidelines.
Adult male BALB/c mice (Charles River Laboratories, Wilmington, MA), 7-8 week old and
weighing 18-20 g, were used in this study. The animals were housed one per cage (to
prevent cage-mate attacks on wounds) and had access to food and water ad libitum. The
mice were maintained on a 12-hour light/dark cycle under a room temperature of 21 °C.

Mouse model of partial-thickness dermal abrasion

The animals were anesthetized by an intra-peritoneal (i.p.) injection of a ketamine—xylazine
cocktail (90 mg/kg ketamine and 10 mg/kg xylazine) before wounding procedure and during
follow-up treatment. The dorsal surface of the mouse was shaved using an electric fur
clipper, and the underlying skin was cleaned with sterile 70% isopropanol. Mouse skin was
then scraped with no. 15 sterile scalpel blades (Feather Safety Razor Co. Ltd., Osaka, Japan)
until a reddened area appeared. This procedure resulted in partial-thickness skin abrasions
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with removed epidermis, and partially damaged dermis up to subcutaneous layer with some
oozing of a small amount of blood, and surface became dark red. Each wound measured
approximately 1.2 cmx1.2 cm. The wound was left uncovered during the whole period of
experiments. The previous histological analysis revealed that epidermis and partially dermis
up to subcutaneous layer were completely injured.

Experimental design

Four light sources were used in this study for irradiation. A non-coherent light source with
interchangeable 30-nm band pass filters (LumaCare, London, UK) was used to deliver 635 +
15 nm light; a 730-nm diode laser (Pharmacyclics Cambridge, UK); an 810-nm diode laser
(Acculaser, Photothera Inc., Carlsbad, CA); and a 980-nm diode laser (\VV-Raser,
HoyaConBio, Fremont, CA). All the lasers were coupled into a fiber-optic that was arranged
to deliver a light spot centered on the dorsal surface of the mouse with the dermal abrasion.
The fluence rates were measured with a power meter (PM 100D with Standard head,
Thorlabs Gmbh, Dachau, Germany) and adjusted to be 10 mW/cm?2. Table 1 depicts
irradiation parameters for partial-thickness dermal abrasion in mice.

A total of 30 mice were randomly divided into five groups of 6 mice per group, comprising
of four experimental and one non-illuminated control group. Experimental groups of mice
received a single illumination with 635, 730, 810, or 980 nm light irradiation respectively (at
the constant fluence of 4 J/cm?2) 30 minutes post-injury. The irradiations were performed in
the same manner with the different probes. The spot of the light beam had an area of 2.25
cm? that covered the entire dermal abrasion including the surrounding normal tissue to
stimulate unwounded dermal cells (keratinocytes and endothelial cells) to migrate into
wounded area. Non-illuminated control mice with dermal abrasions were kept anesthetized
for the same length of time as the illuminated mice. Control abrasions received no light and
were left to heal spontaneously.

Irradiation was delivered once daily for seven consecutive days. The wounds were observed
daily and wound images were acquired on 0, 1, 2, 4 and 8 day post-injury using a charge-
coupled device camera (CCD) (Olympus PEN E-PL1). Mice were sacrificed by CO,
inhalation on the eighth day post-injury and skin samples were carefully collected to include
the adjacent healthy tissue and all the healed tissue to perform histopathological and
immunohistochemistry analysis.

Wound area measurement

Wound surface area was monitored by capturing the video images of each partial-thickness
abrasion together with a ruler (mm) using the Olympus digital camera and downloaded to a
computer. The first image of each abrasion wound from the different groups was obtained
on the day of injury (day 0). The subsequent images were captured on first, second, fourth
and eighth day post-injury. The wound area analysis was performed by Fiji (ImageJ)
software and values were expressed in mm?Z. Repeated measurements were accurate to
within 2%.

Histological studies

The regenerated skin tissues were preserved in 10% phosphate-buffered formalin (Fisher
Sci., USA) for 18-24 h, processed, and then embedded in paraffin. Serial tissue sections of
4-um thickness were prepared, and stained with hematoxylin and eosin (H&E) and observed
for histological changes under light microscope (Axiophot, Carl Zeiss Microscope,
Thornwood, NY). Gomori Trichrome (GT) staining (Leica Microsystem, USA) for collagen
was also performed on paraffin sections, followed by photomicrography.
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Immunohistochemistry for PCNA and cytokeratin-14

PCNA is a 36 kDa polypeptide and is known to be strongly expressed in the nuclear region
of cells where DNA synthesis is occurring. Cytokeratin-14 is a 50 kDa polypeptide found in
the basal cells of squamous epithelia, glandular epithelia, myoepithelium, mesothelial cells
and also found in keratinocytes surrounding the club hair during hair production resting
phase (telogen). Epithelialization originated from adnexal structures in which epithelial
islets showed positive staining for cytokeratin-14 and PCNA. In the present study, changes
in the mitotic rate (cell proliferation) and re-epithelialization following dermal abrasion in
mice treated with LLLT were studied immunohistochemically (IHC) using PCNA and
cytokeratin-14 primary antibodies respectively.

Briefly, sections were deparaffinized in Citrisolv solution (Fisher Sci., USA) and rehydrated
with descending ethanol series. After antigen retrieval (DAKO North America Inc., CA),
tissue sections were permeabilized with Triton-X 100 (0.1%) followed by blocking with
10% goat serum in PBS at 37 °C for 30 min. After that tissue sections were incubated with
the primary antibody against rabbit polyclonal to PCNA (Abcam, MA) (1:500) at 4 °C for
overnight and fluorescence-labeled secondary antibody (Alexa Fluor-680 goat anti-rabbit
IgG, Invitrogen, CA) (1:500) in dark for 1 h at room temperature, washed with PBS,
coverslipped with mounting media including diamidino-2-phenylindole (DAPI) (SlowFade
Gold anti-fade reagent, Invitrogen CA). Negative controls were treated with PBS instead of
primary antibody.

For cytokeratin-14 IHC staining, a primary antibody against mouse monoclonal to
cytokeratin-14 (Abcam, MA) was used. Tissue sections were processed in similar way as
PCNA until the permeabilization step. After that, a further procedure was performed using
Vector Mouse-on-Mouse (M.O.M.) Immunodetection Kit’s (Vector Lab Inc., Burlingame,
CA ) following instructions supplied by the manufacturer. Briefly, tissue sections were
incubated for 30 min at room temperature with anti-cytokeratin-14 (1:200) followed by
incubation with M.O.M. biotinylated anti-mouse 1gG reagent (2nd antibody) for 10 min at
room temperature. Then, the tissue sections were incubated in dark for 5 min at room
temperature with Fluorescein Avidin DCS (Vector Labs). Between the incubations, the
tissue sections were extensively washed in PBS. The sections were then mounted with cover
slips using mounting medium with DAPI.

Fluorescent images were obtained using an Olympus Fluoview FVV1000-MPE multiphoton
confocal microscope (Olympus Corporation, Tokyo, Japan) to image the LLLT treated
tissue sections. The microscope used excitation wavelengths of 488 nm for Fluorescein, 647
nm for Alexa Fluor-680 and 405 nm for DAPI-associated fluorescence. DAPI was used as
nuclear counter stain. The emission signals were observed using a set of band-pass filters:
for DAPI (425-475 nm), Fluorescein (505-556 nm) and Alexa Fluor-680 (660760 nm) and
images acquired using Olympus Fluoview FV10-ASW software, version 3.0a (Olympus
Corporation, Tokyo, Japan). Further, images were merged and signals of the integrated
fluorescence intensity were quantitatively analyzed at 60X magnification using Fiji (ImageJ)
software. In the confocal fluorescence micrographs, the fluorescence from PCNA,
cytokeratin-14 and DAPI was pseudo-colored red, green and blue respectively to make
superimposition more visible.

Statistical analysis

Data are presented as mean + SE. Differences in the wound surface area and integrated
immunofluorescence intensity (PCNA and cytokeratin-14) between the non-illuminated
control and different wavelengths of light treated groups were compared for statistical
significance using one-way ANOVA followed by Dunnett’s post-hoc test using Graph Pad
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Prism 5.0 (Graph Pad Software Inc., La Jolla, CA, USA). A p-value < 0.05 was considered
statistically significant.

Results

Wound area evaluation after LLLT

In the present study we compared four different wavelength ranges of red and NIR light
centered at 635, 730, 810 and 980 nm delivered at a constant fluence (4 J/cm?2) and fluence
rate (10 mW/cm?), to study dermal wound healing response variation with wavelength.
Table 2 depicts the effect of light treatment with different wavelengths on wound area.
Illuminated wounds treated with different wavelengths exhibited wound contraction from
day 1 till observation of day 8 post-injury. However, non-illuminated control wounds
initially expanded on day 1 post-injury and at day 2 control wounds were the same size as
the original size on day 0. From day 4 onwards, control wound exhibited a gradual reduction
in wound area. Day 4 and 8 post-injury revealed that the mice treated with 810 nm had a
significant reduction in wound area compared with the non-illuminated control mice (p <
0.05). However, no significant differences were detected in other groups treated with 635,
730 and 980 nm light at 4 and 8 day post-injury (Table 2).

Morphological changes after LLLT

Multiple cross-sections of H&E stained sections of light treated and untreated dermal wound
tissues of mice were examined for epithelial regeneration, formation of granulation tissue
and fibrogenesis. The non-illuminated control wounds showed denuded epithelium and the
wound itself showed a number of inflammatory cells, such as neutrophils and lymphocytes,
and scattered fibroblasts at day 8 post-injury (Fig. 1). In contrast, the histopathological
examinations indicated that 635 and 810 nm were effective in promoting repair of partial-
thickness dermal abrasion in mice. The most pronounced stimulation of wound healing as
evidenced by enhanced organization and initiation of fibrogenesis, neo-vascularization and
complete re-epithelialization was observed in 810 nm compared to the 635 nm treated
wounds. However, 730 and 980 nm treated wounds showed no sign of healing. Moreover,
980 nm treatment revealed edema, denuded epithelium and persisting inflammatory infiltrate
in wound bed (Fig. 1).

The extent of collagen deposition in the wound granulation tissue was examined by
trichrome staining (Fig. 3). 810 nm treatment resulted in enhanced collagen accumulation in
the wounds compared with the other light treated groups and non-illuminated control. Non-
illuminated control wounds had a loose reticular arrangement of collagen, whereas collagen
was compact and well aligned in the 810 nm treated wounds (Fig. 2).

IHC localization of PCNA and cytokeratin-14 after LLLT

Figure 3 and 4 show the IHC staining for PCNA and cytokeratin-14 after treatment with
different wavelengths of light at eighth day post-injury. Quantitative analysis of
immunofluorescence intensity revealed a significant increase in PCNA located in the
epidermis-dermis (3-14 folds) and also in epidermal cytokeratin-14 expression (6—20 folds)
in 810 nm treated wounds compared with the non-illuminated control and other light treated
wounds (p < 0.05). However, 635 nm treatment showed a trend for increasing PCNA and
cytokeratin-14 expression compared with the controls that did not reach significance. There
was no difference in the expression of PCNA and cytokeratin-14 in 730 and 980 nm light
treated wounds compared with the control. Negative control demonstrated no staining (not
shown).
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Discussion

A light beam applied to live tissue will have different effects on the tissue components
dependent upon the wavelength of the radiation and the tissue component susceptibility to
different wavelengths. The aim of this study was to evaluate the effects of the light
wavelength by delivering at constant fluence (4 J/cm?) and fluence rate (10 mW/cm?) of
four different wavelengths (635, 730, 810 and 980 nm) of light in a mouse model of partial-
thickness dermal abrasion. The results of the present study indicated that light irradiated
wounds resulted in significant reduction in wound area. Interestingly, marked difference
between illuminated and non-illuminated control wounds was observed at day 1 post-injury.
Control wounds showed an expansion on day 1 in wound area being almost 15% bigger than
it was immediately after wounding. However, the illuminated wounds treated with different
wavelengths decreased in wound area after light delivery on day 1 and 2 post-injury.
However, later days of post-injury (4 and 8) demonstrated no significant differences in
wound area contraction of control compared with the light treated groups (635, 730 & 980
nm). Remarkably, the wound area was found significantly reduced in 810 nm light treated
wounds at day 4 and 8 post-injury compared with control. In this study, we demonstrated
that both, red (635 nm) and NIR (810 nm) light can significantly enhance the healing of
partial-thickness dermal abrasions. Similarly, other studies have also reported that He-Ne
laser (632.8 nm) and other wavelengths (660-670 nm) irradiation at fluence of 1-6 J/cm?
stimulated healing in normal and impaired wounds (burns and diabetic) by re-
epithelialization and granulation tissue formation [8, 9, 11, 27, 28].

Interestingly, results of the present study indicate that NIR lasers at 730 or 980 nm did not
produce the same beneficial positive effects on dermal abrasion. The most pronounced
stimulation of healing in dermal abrasion was observed in 810 nm treatment as evidenced by
significant wound area contraction and enhanced collagen accumulation, neo-vascularization
and complete re-epithelialization compared with the 635 nm treated and non-illuminated
control. A significant enhancement of re-epithelialization and cellular proliferation revealed
by positive immunofluorescence staining for cytokeratin-14 and PCNA across the wound
surface and dermal granulation tissue was evident in 810 nm treatment. The rapid wound
healing in 810 nm treated mice might be attributed to the photobiostimulative effects on the
non-wounded healthy tissue, which in turn inducing the unwounded keratinocytes and
endothelial cells in the surrounding skin to migrate into the wounded area and promoting re-
epithelialization and angiogenesis. The fact that red and NIR light can penetrate into deep
tissue injury allows non-invasive treatment to be carried out for augmented healing
processes. Visible red light (660 nm) is readily absorbed by blood and skin surface
components thereby limiting its tissue penetration to < 10 mm. NIR laser 810 nm is not
readily absorbed and has a much larger depth of tissue penetration of 30-40 mm or greater
and thereby providing greater deposition of photons in the wound bed [11]. The
effectiveness of 810 nm light agrees with previous publications, which showed positive
healing effects of 810 nm in in vitro and in vivo studies performed on cortical neurons,
bone-marrow derived dendritic cells and traumatic brain injury mouse models [7, 12]. These
studies suggested that LLLT at 810 nm wavelength and lower fluence is capable of inducing
mediators of cell signaling processes which in turn may be responsible for the beneficial
stimulatory effects of the LLLT, however; at higher fluences beneficial effects are reduced.

Light must be absorbed by a photoacceptor to exert photobiomodulation effects on living
biological systems. Indeed, recent studies identified mitochondrial photoacceptor-
cytochrome c oxidase (CCO) as a principal tissue chromophore for visible/ NIR spectral
light [18, 23]. During LLLT, absorption of red or NIR photons by CCO in the mitochondrial
respiratory chain causes an increase in cellular respiration that leads to an increase in the
production of ATP, which is required for numerous cellular functions providing both energy
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and phosphates required for the regulation of cellular functions [20]. CCO has distinct
absorption bands in the red (around 665 nm) and in the NIR (around 810 nm) regions [29].
There is a minimum absorption of light by CCO at 730 nm, and there have been reports that
this wavelength is ineffective in preserving cultured cortical neurons from cyanide toxicity
[21] and also did not improve neurobehavioral performance of mice after closed-head
traumatic brain injury [12], while 665-670 and 810-830 nm wavelengths were highly active
in healing process [12, 29]. In the present study, 980 nm wavelength was found ineffective.
However, it should be mentioned that several reports show that 980 nm is an active
wavelength in LLLT applications [30, 31]. It is entirely possible that our finding that 980 nm
was ineffective only meant that we used sub-optimal irradiation dosage parameters. In other
words, if the fluence or fluence rate of 980 nm laser was lower than we used (or possibly
higher) the effect on dermal healing might have been positive.

In conclusion, the findings of the present study would suggest that photobiostimulation
induced healing for partial-thickness dermal abrasion in mice treated with red (635 nm) and
NIR (810 nm) light is attributed to modulating various phases of the wound healing process
which includes cellular proliferation, neo-vascularization, collagen accumulation and re-
epithelialization of the wound bed. However, healing was more pronounced in 810 nm as
compared to 635 nm light treatment which could be attributed to the greater penetration and
to the absorption spectrum of cytochrome c oxidase, the candidate mitochondrial
chromophore in LLLT.
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Fig. 1.

Histopathological changes on eighth day post-injury in partial-thickness dermal abrasion in
mice. H & E stained sections of non-illuminated control show denuded epidermis and
infiltration of inflammatory cells in the wound bed. On the other hand 635 and 810 nm light
treatment resulted in enhanced fibrosis, collagen accumulation, neovascularization and re-
epithelialization. Healing effect was more pronounced in the 810 nm compared with the 635
nm light. 810 nm light treatment showed wound surface with well-organized thick
epithelium. However, 730 and 980 nm light treated wounds showed no sign of healing. 980
nm light treatment showed edema and denuded epidermis with marked infiltration of
inflammatory cells in wound bad. Scale bar, 100 pm (bottom panels). d, dermis; e,
epidermis; f, fibrosis; me, migrating tongue of the epidermis; n, necrotic tissue. Arrows
show denuded epithelialization in case of non-illuminated control and light (730 and 980
nm) treated wounds.

Lasers Med Sci. Author manuscript; available in PMC 2015 January 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Gupta et al.

Fig. 2.

Trichrome staining shows collagen on eighth day post-injury in partial-thickness dermal
abrasions in mice. Sections of non-illuminated control and other light (635, 730 and 980 nm)
treated groups showed less and irregularly arranged collagen, whereas 810 nm light
treatment showed compact and well-aligned collagen fibers. Scale bar, 50 pm (bottom
panels).
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Fig. 3.

Representative images of PCNA immunofluorescence staining on eighth day post-injury in
partial-thickness dermal abrasion in mice showing enhanced cellular proliferation as
evidenced by increased expression of PCNA in 810 nm light treated wound compared with
the non-illuminated control and other light (635, 730 and 980 nm) treated groups. (A-E)
Immunofluorescence of PCNA and DAPI are represented by red and blue pseudo-color
respectively. DAPI is used for nuclear counter stain. Scale bar, 20 pm (bottom panels). d,
dermis; e, epidermis. (F) Integrated immunofluorescence intensity of PCNA was
quantitatively analyzed from digital immunofluorescence images using Fiji (ImageJ)
software. Data are expressed as mean value of integrated immunofluorescence intensity of
PCNA + SE; N= 6 per group; *p < 0.05 compared with the non-illuminated control and
other light (635, 730 and 980 nm) treated groups.
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Fig. 4.

Representative images of cytokeratin-14 immunofluorescence staining on eighth day post-
injury in partial-thickness dermal abrasion in mice showing complete re-epithelialization as
evidenced by enhanced expression of cytokeratin-14 in 810 nm light treated wound
compared with the non-illuminated control and other light (635, 730 and 980 nm) treated
groups. (A—E) Immunofluorescence of cytokeratin-14 and DAPI are represented by green
and blue pseudo-color respectively. DAPI is used for nuclear counter stain. Scale bar, 20 um
(bottom panels). d, dermis; e, epidermis. (F) Integrated immunofluorescence intensity of
cytokeratin-14 was quantitatively analyzed from digital immunofluorescence images using
Fiji (ImageJ) software. Data are expressed as mean value of integrated immunofluorescence
intensity of cytokeratin-14 + SE; N= 6 per group; *p < 0.05 compared with the non-
illuminated control and other light (635, 730 and 980 nm) treated groups.
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Table 1

Irradiation parameters for partial-thickness dermal abrasion in mice.

Wavelength (nm) 635 + 15 730 810 980
Mode CWlamp CWlaser CW laser CW laser
Fluence rate (mW/cm?) 10 10 10 10
Fluence (J/cm?) 4 4 4 4
Power (mW) 22.5 225 22.5 22.5
Energy (J) 9 9 9 9
Time of irradiation/day (min) 6.6 6.6 6.6 6.6
Spot size on mouse (cm2)” 225 225 225 225
Number of animals 6 6 6 6

(Controls, n = 6)

Page 15

*
Spot size was defined by the area of the square window in aluminum-foil (1.5 cm x 1.5 cm) used to cover the mouse body. Each wound measured

approximately 1.2 cmx1.2 cm. CW, continuous-wave.

Lasers Med Sci. Author manuscript; available in PMC 2015 January 01.



Page 16

Gupta et al.

.ANEQ\>>E 0T) 81eJ dduaN|y pue ANEQR ¥)
80UaN}J ULISUOI Te PalaAl|ap 1Yl Wu 086 10 0TS ‘0. ‘GEQ SYIBUBIaARM JuaIaHIP 01 Ajiep ainsodxa a|Buls pue (J0JiU02) UoITeUIWN||I OU PAAIBI3] SPUNOAA *|0JIU0D pareulwn||i-uou yim pasedwod oo > d
*

‘uo19eUO0I punom Jo abejuadiad ajealpul sisayiuased ul sisquunp ‘dnodb Jad 9 = N ‘3S F uesw aJe SanjeA

®9)TyFgo0 (T ,9€F6Tr  (go)gexoer  (9)STFEZS  (09) YO T T6G 8 keq
©og)or¥etor  WOIVFTL (goeFL0T (W) TTFES6  (8E) YOTFO0°T6 v feq
(e ye¥evit  (8e) ge¥c16 (02),LC¢F26TT (82) ,TTFTVOT GOT T 69T 2 feq
(e1),08%592T (c2) ce+62CIT  (6) YEFOVET (8T) 9TF9LIT  (g1-) 9T ¥ 0'69T 1 Aeq
YT LTF LT 6TF 28yl ZTF8ET TZFOLYT 0/ea
wu 086 wu 018 wu gL wu Gg9
14O1| JO Yibus AR M j0Ju0)  Aep Buipunom-1sod

"801W U1 UOISeIgR [BULIBP SSBUMOIYI-Tellied JO (;Wiw) ease 80e4Nns punom uo 1ybi| Jo yibuajanem ay) Jo 108443

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Lasers Med Sci. Author manuscript; available in PMC 2015 January 01.



