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Combined use of low level laser therapy and
cyclooxygenase-2 selective inhibition on skin incisional
wound reepithelialization in mice: a preclinical study *
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nase-2 na reepitelização de ferida incisional em pele de camundongos: um
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Abstract: BACKGROUND: Low level laser therapy and cyclooxygenase-2 (ICOX2) selective inhibitors have been widely used to modulate
inflammatory response; however, their effect on wound reepithelialization are not well understood. 
OBJECTIVE: To evaluate the isolated and combined effects of low level laser therapy and ICOX2 in the reepithelization of skin incisional
wounds in mice. 
METHODS: We induced a 1-cm wound on the back of each mouse, which were divided into four groups (N = 20): control, laser therapy,
treated with celecoxib and combined therapy. The animals in the celecoxib and combined therapy groups were treated with celecoxib for
10 days before skin incision. The experimental wounds were irradiated with He-Ne low power laser (632nm, dose: 4J/cm2) in scanning for
12 seconds during three consecutive days in the laser therapy and combined therapy groups. The animals were sacrificed 3 days after sur-
gery. Samples of the wounds were collected and stained (Masson's Trichrome) for histomorphometric analysis. 
RESULTS: Both the laser therapy group and the celecoxib group showed an increase in skin reepithelialization compared to the control
group; however, the combined therapy group showed no differences. As for keratinization, the laser therapy and combined therapy groups
showed a reduction in keratinocytes compared with the control group. 
CONCLUSION: The results show that the use of low level laser therapy and ICOX2 in isolation increases epithelial cells, but only low level
laser therapy reduced skin keratinocytes. The combined treatment restores innate epithelialization and decreases keratinization in spite of
accelerating wound contraction with improvement in the organization of the wound in the skin of mice. 
Keywords: Cyclooxygenase 2 inhibitors; Epithelial cells; Keratinocytes; Laser therapy; Wound healing

Resumo: FUNDAMENTOS: A laserterapia de baixa potência e os inibidores seletivos da ciclooxigenase-2 (ICOX2) vem sendo muito utilizados
para modular a resposta inflamatória, entretanto, os seus efeitos na reepitelização de feridas não são bem compreendidos. 
OBJETIVO: Avaliar os efeitos isolados e combinados da laserterapia de baixa potência e da ICOX2 na reepitelização de ferida incisional na
pele de camundongos. 
MÉTODO: Foi induzida uma ferida de 1 cm no dorso de cada camundongo, que foram divididos em quatro grupos (N=20): Controle,
Laserterapia, Tratados com celecoxib e Terapia conjugada. Os animais dos grupos celecoxib e Terapia conjugada foram tratados com celeco-
xib por 10 dias antes da incisão cutânea. As feridas experimentais foram irradiadas com laserterapia de baixa potência He-Ne (632nm, dose:
4J/cm2) em varredura, por 12 segundos durante três dias consecutivos nos grupos Laserterapia e Terapia conjugada. Os animais foram sacri-
ficados no 3º dia de pós-operatório. Amostras das feridas foram coletadas e coradas (Tricromio de Masson) para análise histomorfométrica. 
RESULTADOS: Tanto o grupo Laserterapia, quanto o grupo celecoxib, mostrou aumento da reepitelização cutânea em relação ao grupo
Controle, entretanto, o grupo Terapia conjugada não apresentou diferenças. Quanto à queratinização o grupo Laserterapia e Terapia con-
jugada apresentaram redução dos queratinócitos, comparados com o grupo Controle. 
CONCLUSÕES: Os resultados mostram que o uso da laserterapia de baixa potência e da ICOX2 isoladamente aumentam as células epiteliais,
mas somente a laserterapia de baixa potência reduziu os queratinócitos cutâneos. O tratamento conjugado restabelece a reepitelização
inata e dimunui a queratinização, embora ocorra uma acelerada contração da ferida com melhora na organização da ferida na pele de
camundongos. 
Palavras-chave: Cicatrização; Células epiteliais; Inibidores de ciclooxigenase 2; Queratinócitos; Terapia a Laser
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INTRODUCTION 
Cutaneous wound healing is a dynamic process

that involves blood cells, cell mediators, extracellular
matrix (ECM) and parenchymal cells. The classic
model of skin repair presents three consecutive phas-
es: inflammation, proliferation (formation of granu-
lation tissue) and regeneration (tissue remodeling).
Understanding these phases allows us to identify nor-
mal skin healing, recognize when intervention is nec-
essary, and be consistent as to implementing an adju-
vant therapy.1.2 In the inflammatory and proliferative
phases, that is, first and second phases of the skin
repair process, the keratinocytes at the edge of an epi-
dermal wound migrate, proliferate, and differentiate
in order to cover the exposed surface of the wound.
Then, neutrophils, macrophages and capillaries pro-
duce a new granulation tissue. Each step of this intri-
cate process can be regulated by numerous bioactive
substances released at the site of the injury and / or
derived from the system, which include inflammatory
cytokines, growth factors, ECM components,
prostanoids, and reactive oxygen species (ROS). 1 - 4 

Classic studies show that prostaglandins (PGs),
prostanoids formed by the actions of phospholipases
(tissue-specific isomerases) on arachidonic acid (AA)
in cell membrane phospholipids, are directly involved
in tissue repair. Among the many functions of PGs are
the local control of tissue metabolism and, conse-
quently, the dynamics of cutaneous-wound healing.
Lipooxigenase (LOX) and cyclooxygenase (COX)
enzymes are two of these classic tissue isomerases
that convert AA into PGs. 4.5 Currently, there are two
identified isoforms of COX, a constitutive form (COX-
1) and a homologous inducible form (COX-2).

Non-steroidal anti-inflammatory drugs
(NSAIDs) are among the most commonly used thera-
peutic agents to modulate acute inflammatory
response (AIR) in the tissue repair process. It has long
been known that these drugs exert their effects on AIR
by inhibiting the synthesis of PGs. Thus, the NSAIDs
currently available are used to inhibit the synthesis of
PGs and enzymes such as COXs, modulating AIR. 5-8 In
addition, it is established that the use of cyclooxyge-
nase (COX) selective inhibitors does not only inhibit
the synthesis of PGs but also reduces the synthesis
and bioavailability of nitric oxide (NO), which inter-
feres with the structure and function of damaged skin
by slowing the innate healing process. 5-10

A laser is a form of “Light Amplification by
Stimulated Emission of Radiation,” which originated
the term ‘laser’ as its acronym. Lasers are basically
classified into two types: “high-power lasers” and
“low-level lasers”. Low level laser therapy (LLLT) has
been mainly and widely used in many biomedical
areas in order to modulate inflammatory response

and accelerate the tissue repair process.1,2,11-14 Recent
investigations show the influence of LLLT in the
dynamics of healing of the skin and other tissues;
however, there are still some controversies about it
because of the wide variability and divergence in irra-
diation parameters, in addition to discrepancies in the
biological findings.14-16 Previous studies in our labora-
tory as well as others have suggested that photo-stim-
ulation by laser seems to occur during the inflamma-
tory and proliferative phases of wound healing, exact-
ly because of their influence on biomodulation of
eicosanoids, especially PGs, and on the oxidative
enzyme system of the skin. 1,2,5,11-19

Consequently, studies that show the effects of
combined treatments in wound healing are oppor-
tune, since both laser therapy and the use of COX
inhibitors act during the same time period in the
repair process, that is, both separate treatments affect
the inflammatory and proliferative phases of skin
healing in animals and humans. Considering this sce-
nario, the purpose of this pre-clinical study was to
evaluate the isolated and combined effects of low
level laser therapy (LLLT) with helium-neon (He-Ne,
632nm) and selective inhibition of cyclooxygenase-2
(COX-2) in the reepithelialization of skin-incisional
wounds in mice.

MATERIALS AND METHODS
We used 20 male Swiss mice (Webster) at 12

weeks of age and body weight ranging from 30-35
grams from a vivarium (CCS/UFES). The animals were
kept in individual cages in a large environment with
temperature controlled at 22º C and artificial light,
with a photoperiod of 12h light/12 h dark; food
(Purina®) and water were provided ad libitum. The
mice were randomly divided into four groups (N = 5
in each group): 1 - Control (CT); 2 - Low-level laser
therapy (LS); 3 - Treated with COX-2 inhibitors (CE);
and 4 - Combined therapies (CE + LS).

The investigation was conducted in accordance
with the norms established by the Guide for the Care
and Use of Laboratory Animals, approved by the
Animal Research Ethics Committee at the Federal
University of Espirito Santo (UFES), under opinion
report No. 004/2007.

Ten days before the surgical procedure (inci-
sion of the wound), 10 mice were previously treated
with Celebra® (celecoxib, Pfizer Ind., Guarulhos, SP,
Brazil) at a dose of 50 mg/Kg-1, which was daily cor-
rected according to body weight and administered by
gavage (PO), thus ensuring the effects of the drug. On
the 10th day of treatment with inhibitor (COX-2), the
animals were anesthetized with an anesthetic solution
containing Ketamine + Xylazine (100 ml + 10 mg. Kg-
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1, respectively, intraperitoneally), the dorso-thoracic
region (T1 – T7) of the bodies of the mice was shaved
and cleaned. Then, with a scalpel, we performed an
incisional wound 1cm in length in all of the experi-
mental animals. After that, skin sutures were per-
formed using Steri Strip (3M®, Sao Paulo, Brazil). After
suturing, LLLT was irradiated by a laser device com-
mercially available (KLD Biosystems, Sao Paulo, SP,
Brazil) with the following characteristics: helium and
neon (He-Ne) semiconductors, continuous waves,
wavelength of 632 nm , peak power of 5 mW, average
output power of 0.5 to 3.5 mW, and application
through optical fiber (spot size, 1.5 cm). The experi-
mental wounds were irradiated in the following
parameters: dose of 4 J / cm2 for 12s in each of the
applications in the laser (LS) and combined therapy
(CE + LS) groups. Laser irradiation was performed
by using the scanning method in the total length of
each wound (suture), thus allowing its uniform treat-
ment. The first laser application occurred immedi-
ately after the surgery and the other applications in
the subsequent days, totalizing three days of treat-
ment. No form of treatment was used in the control
group. On the third day after surgery, the animals
were sacrificed in CO2 chamber, as recommended by
COBEA. Samples of all skin lesions were collected in
a way that included part of the skin adjacent to the
sutured edges of the incisional wound and all the
scar tissue in depth. 2,12,20

The samples of the skin lesions obtained were
fixed in paraformaldehyde-10% (p H 7.0) for at least
24 hours. After fixation, the samples were gradually
dehydrated in increasing concentrations of ethanol
(70% to 100%), cleared in xylene, and embedded in
paraffin in accordance with routine histological meth-
ods. The fragments embedded in paraffin were cut
using 820 Spencer microtome, yielding pairs of sec-
tions of 6Ìm thick. The histological slides were incu-
bated for drying and, subsequently, tissue sections
were stained with Masson’s Trichrome (TM) for subse-
quent histological analysis. We captured images of
four microscopic fields of each histological slide with
a digital camera (100x total zoom) of optical micro-
scope model AX70 Plus (Olympus ®, Tokyo, Japan).
Histomorphometric analyses were performed and
evaluated using images captured by computerized
imaging system Sigma-pro® (Sigma, St Louis, MO,
USA) and stored on PC. At the end of the study, ten
pairs of images were filed, totaling 50 histological sec-
tions, which were subjected to counting the volume
fraction (mm2) of keratinocytes (keratinization) and
epithelium (epithelialization) using digital marking by
color contrast. 2,20 

Initially, we performed an ideal estimate for
sampling using Statemat® 2.0 software, with test

power of 90% and alpha error of 0.05, which indicat-
ed five animals per group, totaling 20 experimental
animals. In the evaluation of data, we performed a
normality test (Shapiro-Wilk) and one-way analysis of
variance (ANOVA), followed by the nonparametric test
of Mann-Whitney U, using Prism® 5.0 software
(GraphPad, San Diego, CA, USA). Values were
expressed as mean ± standard error (SE) and the sig-
nificance level for all analyses was p £ 0.05.

RESULTS
Histological observations of samples of skin

wounds of all of the animals showed a small amount
of fibronecrotic material (clot) on the surface with
clear presence of blood vessels in the hypodermis; lit-
tle or no exudate in the suture area. The skin wounds
of the control group (CT) showed tissue-repair pat-
tern of the inflammatory phase (day 3 after surgery),
with raised borders and crust formation and with red-
dish center due to presence of blood irrigation in the
area, which seemed to present an aspect of granula-
tion tissue, consistent with the normal pattern of heal-
ing (Figure 1A). The wounds of the group treated with
He-Ne LLLT (LS) presented accelerated repair, show-
ing an early morphological and functional recovery of
tissue, delineated scars with clear edges and an
uneven central portion, besides a significant increase
in reepithelialization (Figure 1B). Wounds in the
group treated with COX-2 inhibitors (CE) presented
initial repair pattern (inflammatory phase) and some
clots, without demarcation of the wound edges,
although they presented high presence of granulation
tissue and a significant increase in reepithelialization
(Figure 1C). On the other hand, the combination ther-
apy (CE + LS) presented less fibronecrotic material
with reepithelialization similar to that found in the
control group; however, it showed early incisional
wound contraction, better organization of the scar
with apparent acceleration of the repair process, con-
sistent with 7 to 9 days after surgery (Figure 1D).

In the epithelial histomorphometry presented
in Graph 1A, the results showed a significant increase
(p <0.01) of the degree of reepithelialization in the LS
(16.9 ± 0.8 mm2) and CE (19.1 ± 0.8 mm2) groups
compared to the CT group (12.6 ± 0.8 mm2); howev-
er, the CE + LS group (11.8 ± 0.6 mm2) showed
restoration of the basal patterns of reepithelialization,
indicating that the combination of techniques elimi-
nated their separate effects. As for keratinocyte vol-
ume fraction, Graph 1B, the results showed a signifi-
cant (p <0.05) reduction in the LS (6.4 ± 0.2 mm2)
and CE + LS (5.3 ± 0.5 mm2) groups compared to the
CT group (8.1 ± 0.4 mm2); however, the CE group
(8.1 ± 0.8 mm2) did not present statistically significant
effects. This suggests that LLLT, but not COX-2
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inhibitors, modulates the migration and differentia-
tion of keratinocytes in skin wounds of mice.

DISCUSSION
The present study demonstrates the effects of

LLLT (He-Ne) and inhibition of COX-2 (Celebra®) on
the reepithelialization of surgical wounds when used
alone and combined. The data obtained indicated that
both LLLT (He-Ne) and COX-2 inhibitors alone
increase the degree of reepithelialization in the skin
of mice. However, the results also showed that the
combination of the treatments eliminated the sepa-
rate effects on reepithelialization and reduced the
degree of keratinization in the experimental animals.
They also demonstrated that this treatment combina-
tion promoted an early incisional wound contraction
with improvement in the organization of scars in the
skin of healthy mice. 

Inflammatory response induced by an epider-
mal injury causes migration of monocytes, particular-
ly keratinocytes and neutrophils, which perform a
rapid local consumption of oxygen (O2).3.4 This mech-
anism activates the epidermal NADPH oxidase, cat-
alyzing the transfer of electrons from NADPH to O2,
forming superoxide anion (O2

-), which in larger
quantities activate antioxidant enzymes and nitric
oxide synthase (NOS). It is believed that laser therapy
reduces local consumption of O2 by neutrophils and

macrophages, stimulates the phagocytic activity of
leukocytes and the differentiation of keratinocytes,
leading to a decrease in the formation of O2

- and con-
sequently reducing the duration of the inflammatory
phase of the repair process.18, 21,22 This reduction in
ROS by LLLT described in the literature can also be
associated with a mitochondrial reabsorption mecha-
nism, suggesting that O2

- can be a source of electrons
for oxidative phosphorylation of adenosine diphos-
phate (ADP) to adenosine triphosphate (ATP). 23.24 In
addition, other studies have reported that LLLT direct-
ly influences levels of oxidative stress in the skin by
modifying antioxidant enzymes and NOS, altering the
production of ROS such as peroxynitrite (-OONO),
which is a strong oxidant with the potential to destroy
critical cellular components. 17,17,21,22 Some studies also
emphasize that there may be a dose and time-depend-
ent relation between LLLT and the production of ROS
and free radicals in the skin tissue. 21 -23 According to
Karu et al. 17.24 and other authors 20-23, exposure to LLLT
stimulates an extra mitochondrial electrochemical
activity and a simultaneous increase in the synthesis of
adenosine triphosphate (ATP), in addition to an
increase in the intracellular concentration of calcium
(Ca+2), exerting effects on cellular signaling and
increasing the activity of NOS in endothelial cells,
which would offer cytoprotection to damage caused
by lipid peroxidation induced by LLLT. 14-16

A B

C D
FIGURA 1: Photomicrograph
montage of skin wounds in
mice in the following
groups: control (CT, A), He-
Ne laser therapy (LS, B),
treated with celecoxib (CE,
C), and treated with com-
bined therapy (CE + LS, D).
The arrows show the degree
of reepithelialization in skin
wounds in all groups
(Masson's Trichrome, scale
bar: 0.1 mm)

Photomicrograph montage
of skin wounds in mice
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Additionally, recent research has shown that the
inducible isoform of nitric oxide (iNOS), a small free
radical formed from the amino acid L-arginine, partic-
ipates in the first phase of wound healing through
inflammatory cells, especially monocytes: neutrophils
and leukocytes present in the process of skin healing.
3-5,17,20-24 It has also been reported that nitric oxide (NO)
produced by activation of the iNOS enzyme in mono-
cytes participates in signaling for deposition of granu-
lation tissue and collagen and for wound contraction
(scar formation) via distinct pathways in animal mod-
els of wound healing.3,14,15,17,21,24 Some authors also
show biostimulation effects of LLLT on inflammatory
cytokines through gene expression modulation of var-
ious growth factors such as platelet-derived growth
factor (PDGF), transforming growth factor beta (TGF-
β), tumor necrosis factor alpha (TNF-α), and interfer-
on gamma (IFN-γ), which are also potentially involved
in the healing of skin wounds. 24.25 These regulatory
effects of oxidative stress in skin, biomodulation of
inflammatory cytokines and growth factors could be
related to the histological findings observed in this
study, in relation to the isolated treatment with LLLT
(He -Ne).

The results obtained in the group treated only
with COX-2 inhibitor showed a sharp increase of
epithelial cells in skin wounds without changes in the
keratinocytes (Graph 1A and 1B). These effects may be
due to a reduction in local formation of PGs produced
by classic NSAIDs, besides the important role of
NSAIDs in altering the bioavailability of NO, especially
selective COX-2 inhibitors,2,4-10 which could have pro-
moted the accelerated increase in reepithelialization,
but with a consequent deficit in scar organization
observed in the histological sections and presented in

Fig. 1C. However, it is believed that both COX-1 and
COX-2 are key mediators in skin-wound healing,
although COX-1 becomes important only when COX-2
is impaired. Other studies 5,6,9,10 also show that inhibi-
tion of COX-1 and COX-2 simultaneously can cause a
compensatory increase in NOS and COX mRNA in the
repair tissue, suggesting distinct and important roles
for the different isoforms of COX and NOS during
healing of regular skin wounds and those with deficit.
6,8,14

The combination of the COX-inhibitor and LLLT
(He-Ne) treatments promoted a reduction in the vol-
ume fraction of keratinocytes, which could be associ-
ated with the effect of LLLT (He-Ne) in regulating the
expression and synthesis of inflammatory cytokines
involved in the repair process, since the basic fibrob-
last growth factor (bFGF) and keratinocyte growth fac-
tor (KGF) accelerate cell differentiation of the granula-
tion tissue.14.2123.25 However, this combination of treat-
ments did not alter the wound reepithelialization of
skin wounds in mice, but it is speculated that COX
inhibitor favors biostimulation of the inflammatory
phase promoted by LLLT (He-Ne), which is character-
ized in this study by early incisional wound contrac-
tion with improvement in scar organization, as shown
in Figure 1D and in Graph 1.

CONCLUSION
The combination of He-Ne laser therapy with

COX-2 inhibitor was able to regulate the separate bios-
timulation effects of both treatments, presenting a
more accelerated skin histomorphofunctional aspect
compared with the innate process, with better
arrangement of the epithelial and hypodermic struc-
tures, conjugated with accelerated and organized

GRAPH 1: Determination of the
volume fraction (mm2) of epithe-
lial cells (A) and keratinocytes (B)
in the skin of mice on the 3rd
postoperative day in the follow-
ing groups: control (CT), He-Ne
laser therapy (LS), treated with
celecoxib (CE), and treated with
combined therapy (CE + LS).
Data expressed as mean ± stan-
dard error of the mean (SEM). We
used the Mann-Whitney U for the
non-parametric variables. Being
p&nbsp;&lt; 0.05 ** p&nbsp;&lt;
0.01 vs. CT and ## p&nbsp;&lt;
0.01 vs. LS and CE

Determination of the volume fraction (mm2) of epithelial cells (A) and keratinocytes (B) in the skin
of mice on the 3rd postoperative day
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repair process. However, further studies are needed
to better elucidate the mechanisms involved in the

effects of LLLT and COX-2 inhibitor in terms of skin
repair and regeneration. �


