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Objective: To evaluate the healing activity of the chitosan gel associated with light emitting diode
in induced skin lesions in albino rats. Methods: Experimental study was carried out on the induction
of cutaneous wounds in 60 Wistar albino rats (300g) distributed randomly in six groups of 10
animals, according to the type of treatment proposed, nemaly: control group, positive group, light
emitting diode, chitosan, light emission by diode / chitosan and chitosan / light emission by diode.
Wound healing was evaluated by histological, by caliper measurement, photography and analysis of
inflammatory parameters of the lesions. Results: The combined action of light emission by diode
and chitosan, regardless of the order of application, did not show any increase in the tissue healing
process when compared to the other treatment groups, surpassing only the control group.
Conclusions: Further studies of this nature are necessary to evaluate the interaction between these
two treatment methods in order to contribute to the evolution of current healing methods.

Copyright © Renata Oliveira Moura et al, 2017, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

The healing process of the injured skin is a natural
phenomenon of angiogenesis and reorganization of connective
tissue that involves physiological and biochemical factors that
act harmoniously to promote the tissue restoration, involving
phases that overlap in time and include inflammation,
proliferation and tissue remodeling .

The pharmaceutical industry is interested in improving the
healing time with the development of new treatments,
substances or protocols, which can provide an acceleration of
the tissue repair, preventing complications. In this field the
studies advance in the research of natural resources, because
they present economic advantages and few side effects, such as
chitosan, and non-drug therapies, which exert their action
through physical properties, such as phototherapy. ")

Chitosan, a natural polysaccharide derived from chitin,
obtained through the carapace of crustaceans, has received
much attention as a biomaterial because of its excellent
biocompatibility and healing action . Research on animals
have shown the efficacy of that substance in accelerating tissue
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repair, showing its antibacterial and fungicidal characteristics,
adding to it the advantage of low cost, natural origin and be
simple to obtain. There are reports on the effects of chitosan in
the injured tissue mentioning their macrophage activation
capacity, stimulation of fibroblast proliferation and collagen
and granulation tissue . Tt is also observed that stimulation
occurs for neutrophil migration and reduction of inflammation
@19 providing a more uniform scar formation, with a lower
degree of fibroplasty 7.

Phototherapy, in turn, is a treatment modality that encompasses
a series of resources based on the effects that the incidence of
light causes on biological tissues. One such feature is the LED
(Light Emitting Diode or LED), which has effects on healing as
deposition of collagen fibers, reducing the number of
inflammatory cells in the early phase of wound healing, %%,
acceleration of tissue repair and obtaining scar aesthetically
satisfactory '3, Studies in rats obtained results that allowed
to conclude the light action in the stimulation of the transition
from the inflammatory phase of cicatrization to the
proliferative and remodeling phase, modifying the leukocyte
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activity in a dose-dependent manner, detecting the significant
increase of the natural process of wound healing %7,

This work is justified by the possibility of investigating the
action of these two therapies together in the repair of tissue
damage, considering the relevance of the issue and the scarcity
of studies that address this association. For this, the following
guiding question was raised: Are the healing effects of chitosan
gel and LED enhanced when these modalities are associated in
the treatment of cutaneous lesions? The objective of this study
was to evaluate the cicatrizant activity of the chitosan gel
associated with LED in cutaneous lesions induced in albino
rats.

METHODS

An experimental study was carried out on 60 male Wistar rats
(Rattus novergicus), male adults aged 2-4 months, with body
mass around 300g. The animals were kept in the animal house
of the Center for Agricultural Sciences (CCA) of the Federal
University of Piaui (UFPI) in large cages (five animals per
cage), fed standard chow with free access to water. Each cage
was identified with tags and animals with markings on the tail.
The animals were randomly divided into six distinct groups of
10 specimens, according to specific treatment, namely: Control
group (did not receive treatment); Chitosan group
(administration of the chitosan gel covering the wound
completely); LED group (red LED application, A = 640 nm,for
22 seconds at a distance of 0.5cm from the wound. Calculation
of the application time was done using the formula: t = E / P;
namely E= energy in Joule, P = power in mW and t = time in
seconds per cm?. With the power of the device 90 mw and the
energy 4J, then the application time is 22 seconds); Chitosan
and LED group (administration of the chitosan gel covering the
wound totally followed by LED application for 20 seconds at a
distance of 0.5cm from the wound); LED and chitosan group
(application of LED for 20 seconds at a distance of 0.5cm from
the wound followed by administration of the chitosan gel
covering the wound totally); Positive Group (application of gel
commercialized in the market, pielsana, covering the whole
bed of the wound).

The animals were known to be anesthetized using dissociative
anesthesia with ketamine (Ketalar) and xylazine (Rompun)
(50mg / kg and 8mg / kg, respectively), associated in the same
syringe and applied intraperitoneally, producing, then
cutaneous wounds in the dorsal region by the surgical method.
The demarcation area of skin by tape adhesion in the size of 1.0
cm 2 was performed, followed by excision of the skin flap ¥,
Once every 24 hours the animals received the treatment
according to the group to which they belonged.

Before the daily application of the treatment, the wounds of
each animal were evaluated with three instruments in different
periodicities: photograph of the lesion (every 48 hours); caliper
(measurement of wound size every 72 hours) and table with
macroscopic parameters of inflammation, with the following
variables: presence of crust, exudate, hyperemia and pus (every
24 hours). Two animals from each group were euthanized on
days 2, 5, 12 and 17, with thiopental sodium overdose (50 mg /
kg) and epithelial tissue sample collection for histological
analysis, closing the study with 21 days of treatment.

The data were organized into Microsoft Office Excel 2007
spreadsheets for the construction of tables and then transferred
to the statistical program Graph Pad Prism 5.1, in which the
Two-way ANOVA test was applied to evaluate the interaction
of the different treatments applied in the moments of
measurements, 95% CI and significance p <0.05. The
Statistical Package for Social Science for Windows (SPSS)
17.0 was used to evaluate the correlation with the qualitative
percentage of the evaluations, applying the Spearman
nonparametric correlation test, also with significance at p
<0.05.

The study was approved by the Committee of Ethics in
Experimentation with Animals (CEEA) under the number
0106/12. All procedures were carried out in accordance with
the "Ethical Principles of Animal Experimentation", as
provided by the National Council for the Control of Animal
Experimentation (CONCEA).

RESULTS

In the macroscopic evaluation of cutaneous lesion size, there
was no statistical difference between the treatments (p =
0.3416), but there was a difference (p <0.05) between the
negative control group and the others, showing the
effectiveness of the treatments in the acceleration healing
(Figure 1).
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Figure 1 Relation between the size of cutaneous lesions induced in rats,
according to treatment with chitosan gel and isolated and / or associated LEDs.
Teresina, 2014.

Regarding the daily evaluations of the healing parameters,
there were only statistical differences in the variables exudate
(p = 0.003) and crust (p <0.001). The groups with better
evaluation were the LED group and chitosan group, that is, the
non-associated groups.

The histological slides were analyzed and the most relevant
data for this process were classified according to the days of
collecting material: second, fifth, twelfth and seventeenth day
of the experiment.

On the second day of the experiment (Figure 02) only the LED
group showed moderate proliferation of fibroblasts, absent in
the other groups. The absence of edema was observed only in
the negative and chitosan groups. All groups revealed presence
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of neutrophils, macrophages and inflammatory exudate with
predominance of polymorphonuclear (PMN).

In the collection performed on the fifth day of the experiment,
it was observed that the groups began to show proliferation of
fibroblasts, an activity that was already intensified in the LED
group from the second day of treatment.

On the 12th day of treatment of the wounds, the third collection
was made. The negative group revealed a discrete lymphocytic
infiltrate and well preserved keratinized squamous epithelium.
In chitosan group observed intense angiogenesis and

proliferation of fibroblasts, the presence of moderate inflammatory
focus with a predominance of lymphocytes and mild edema. The
LED group demonstrated significant proliferation of fibroblasts
and angiogenesis without congestion or edema.

Figure 2 Histological photomicrographs of the cutaneous lesions induced in rats on the second postoperative day according to the types of treatment
implemented: G2- chitosan group, G3- LED group, G4- chitosan / LED group, G5- LED group / chitosan and G6- positive group. Teresina-PI, Brazil 2014.

With the exception of the negative group, it was possible to
analyze the presence of discrete angiogenesis, more evident in
the LED and chitosan / LED group. Inflammatory infiltrates
were still present in all groups, but less intensely in the LED
group and chitosan group.

The chitosan / LED group presented a discrete inflammatory
infiltrate with the presence of lymphocytes, edema and an
intense proliferation of fibroblasts in the subepithelial region.
In the LED / chitosan group can be seen histological specimens
with structural features similar to that previously mentioned but
with foci of lymphocytic infiltration of subepithelial moderate

Figure 3 Histological photomicrographs of the cutaneous lesions induced in rats on the seventeenth postoperative day, according to the types of treatments
implemented: G2- chitosan group, G3- LED group, G4- chitosan / LED group, G5- LED group / chitosan and G6- positive group. Teresina-PI, Brazil 2014.
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in nature. The positive group showed intact epithelium with
moderate inflammatory infiltrate with predominance of
lymphocytes, absence of congestion and edema with great
proliferation of fibroblasts and angiogenesis.

The last collection of histological material was performed on
the 17th day of treatment (Figure 3). In this collection, the
negative group presented ulcerated area reepithelialization with
intense proliferation of fibroblasts, angiogenesis and a discrete
focus of lymphocytic infiltrate. The chitosan group had
unchanged epithelium (keratinized stratified squamous
epithelium), congestion or edema, but with an intense
proliferation of fibroblasts and lymphocytic infiltrate. In the
LED group was observed intense proliferation of fibroblasts,
mild lymphocytic infiltration, and dense connective non-
patterned uniform without congestion or edema. Clear
angiogenesis was observed in the subepidermal region. In the
chitosan / LED group we observed intense proliferation of
fibroblasts, moderate subepidermal lymphocytic infiltrate and
moderate angiogenesis. The LED / chitosan group showed very
characteristic  keratinized stratified epithelium (without
structural alterations); unmodulated dense connective tissue
with moderate fibroblast presence and intense angiogenesis.
Positive group revealed skin without structural alterations and
stratified  keratinized = squamous  epithelium  without
histopathological changes.

Macroscopically analyzing the final scar of the lesionsat the
end of the experiment, we can observe the formation of an
aesthetically scarier and uniform scar in the chitosan / LED
group and with higher hair growth, as shown in Figure 4.

DAY1D

Figure 4 Photographs of cutaneous lesions induced in rats on the first, tenth
and twenty-first postoperative days, according to the types of treatment
implemented, respectively: G1-negative groups, G6- positive group, G3- LED
group, G5- LED group / chitosan, G4- chitosan group / LED and G2- chitosan
group. Teresina-PI, Brazil 2014.

DISCUSSION

The use of LED and chitosan for wound healing has been
reported and scientifically proven in isolation, but no study has
used these two methods in an associated way. The actions of
chitosan in tissue repair are reported in all stages of healing,
with antimicrobial, hemostatic and cellular activation actions
(macrophages and fibroblasts, for example) (19). LED also has
its proven efficacy in all phases of tissue repair, stimulating the
proliferation of fibroblasts, collagen fibers and reducing the
number of inflammatory cells, as well as increased
angiogenesis %,

Macroscopically, the healing process was monitored daily at
the time of treatment application, based on researched
authors®*?" documenting the staging of wounds through
photography, measurement of wound size and assessment of
healing aspects. The results did not show superiority of the
combined treatment, highlighting only the healing effect of
LED and chitosan in isolation, as evidenced by other studies *?
that confirmed the healing action of chitosan by its application
in cutanecous wounds of rats and preserving the closure of
wound in 9 days. Researches involving tissue repair (%%2%
studied the application of LED in healing, observing a total
reepithelialization and evidencing the satisfactory action of
LED in the tissue repair in their studies.

The evolution of cicatrization through histological analysis
showed that from the second day of treatment the LED group
(G3) had already demonstrated the presence of fibroblasts,
whereas the other groups presented with cellular infiltrates,
neutrophils and lymphocytes with discrete edema characteristic
of the first stage of healing, the inflammatory phase.
Fibroblasts appeared in the other groups only after the fifth day
of treatment, with the intense angiogenesis of the LED (G3)
and chitosan and LED (G4) groups, characterizing the second
stage of cicatrization, proliferative. On the 12th day of
treatment, the intense angiogenesis and proliferation of
fibroblasts, not observed only in the chitosan and LED (G5)
and negative (G1) groups, were highlighted. On the last day of
collection, after 17 days of treatment, it was possible to observe
re-treatment in the negative control (Gl), chitosan (G2),
chitosan and LED (G4) and positive (G6) groups. The presence
of unformed dense connective tissue was evident in the LED
(G3) and LED and chitosan (G5) groups, characterizing the
tissue remodeling, beginning the third healing phase, the repair
phase.

The major highlight of the histological analysis was the rapid
proliferation of fibroblasts influenced by the LED treatment,
confirming the results found by other authors "*'¥, who cited
the great contribution of the LED for the deposition of collagen
fibers, fibroblast proliferation and reduction of the number of
inflammatory cells, minimizing the initial stage of healing, the
inflammatory phase. Other investigators ** observed that the
LED treated wounds achieved a better aesthetic quality,
attributing to this the rapid proliferation of fibroblasts and
collagen fibers. The LED " was attributed to the stimulation
of the rapid transition between the inflammatory and
proliferative phase, accelerating the tissue repair in order to
obtain a more uniform scar.

Chitosan also exerts a strong influence in all phases of healing,
as seen with the stimulus for cell migration, proliferation of
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fibroblasts and neoangiogenesis. These findings confirm
reports from the literature *>, which showed that the action of
chitosan stimulates the activation of macrophages, neutrophils,
fibroblasts and collagen.

The combined action of LED and chitosan, regardless of the
order of application, did not show any superiority in relation to
the other treatment groups, surpassing only the control group. It
is assumed that these treatments used together do not interfere
in each other's actions, neither canceling nor increasing the
cicatrizant action, determining results similar to those found in
the groups using LED and chitosan alone.

CONCLUSION

All treatments were efficient in potentiating the healing effect
and the action of the LED associated with chitosan independent
of the moment of its application, seeming to have a synergic
effect of the potentiation of the healing effect.

It emphasizes the need for further studies that include the
evaluation of biochemical and histological parameters of the
healing process in the association of these two treatment
modalities in order to determine a form of positive interaction
between them.
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