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Abstract

The skin is the largest organ in the body, with a total area of about 2 m2. It is estimated that one in Twenty-two people in the world suffers from an epithelial surgical insult,
of which there is a large proportion of anomalous repairs, resulting from exacerbation of local inflammatory processes. Therapeutic strategies that minimize such conditions are of
great interest, including that use of folkloric herbal medicines. Thus, the present experimental study intends to investigate the effect of CS on histological parameters of epithelial
reorganization in a pre-clinical model of postoperative wound. To that end we maintained 40 male Swiss mice in controlled environmental conditions. On the first day the animals
were submitted to a 5 mm plantar epithelial incision in the right hind paw, one stitch suture and 50 [g topic treatment solutions: dexamethasone 0,5 mg/mlL, acetone 2,5% and
hydroalcoholic crude extract of CS (HCE-CS) 30 mg/site every 24 hours for 5 days. Every day after the treatments the surgical wound were photographed and on the third and fifth
day, the mice were euthanized, the hind paws were collected for histological analyzes. To compare all different treatment groups we used one-way ANOVA methodology, followed
by post hoc Dunnett's test for comparison. All animals shrank their scars on fifth day and in the group treated with HCE-CS we observed a larger dermal thickness and smaller scar
proportions related to other groups on third day, showing an accelerated inflammation resolution.

ABBREVIATIONS

HCE-CS: Hydroalcoholic Crude Extract of Casearia Sylvestris;
CS: Casearia Sylvestris

INTRODUCTION

The skin is the largest organ in the body, covering an area of
about 2 m?; it provides a mechanical and biological barrier against
chemical, physical and pathogenic insults [1,2]. After an injury
to the skin, the body tries to restore its integrity to the original
state before the injury, with the physiological result of wound
healing being the formation of replacement tissue or a scar as
result of any insult to the skin, including surgical procedures
[3,4]. Operative interventions require a solution of continuity
through the tissues and, therefore, an uncontaminated wound,
in which healing depends on cellular and molecular events
[5] hemostasis, inflammation, cell proliferation, granulation
tissue formation, re-epithelialization, neovascularization,
matrix deposition and remodeling [6,7]. It is estimated that 313
million surgeries were performed in 2012, an increase of 138%
since 2004 [8], corresponding to one operation for every 22

people. These statistics are especially important if we consider
that wounds when incorrectly repaired can cause physical,
psychological and aesthetic discomfort, leading to psychological
stress, depression and social withdrawal that lead to a reduced
quality of life [9]. Some available treatment modalities that
aim to reduce inflammation are the systemic or topical use of
corticosteroids, radiotherapy, cryotherapy, compression therapy,
and surgical methods that reduce skin tension [10,11]. However,
currently available medical treatments are not fully effective.
Defective skin regeneration has been understood as a result of
continuous and localized inflammation of the reticular dermis
layer, increased fibroblasts, blood vessels and collagen deposits,
as well as raised pro-inflammatory flags [12]. CS plant is used
by different communities, even indigenous tribes, to treat skin
lesions [13]. Some properties of the crude aqueous extract of its
leaves observed in pre-clinical studies are its anti-inflammatory
activity [14], due to enzymes that inhibit the phospholipase A2,
an enzyme category involved in the fatty acids supply important
for skin homeostasis [15] and the ability to inhibit the infiltration
of inflammatory cells into injured tissues [16]. Hereof, since the
epidemiology of skin scars is frequent worldwide, with a great
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impact on the quality of life of affected patients, the present study
aimed to investigate the possible influence (Figure 1) of topical
treatment of the HCE-CS on different parameters observed in a
post-operative wound model.

MATERIALS AND METHODS

Animals

The population consisted of forty healthy, male, 2 months
old, Swiss mice from the Federal University of Santa Catarina
bioterium. The animals were acclimatized to 22+2°C, in a 12-
hour light to 12-hour dark cycle, with access to food and water
ad libitum at LANEX - UNISUL. Approximately 10 mice were
accommodated per polypropylene box covered with sawdust.
Mice that, after the surgical procedure, did not survive or
presented signs of infections or bleeding in the postoperative
wounds were excluded from the sample.

Ethics

The project was approved by the Ethics Committee on
Animal Use (CEUA/UNISUL), under registration: 19.045.4.01.1V.
All experiments were performed in accordance with the Care of
Laboratory Animals Guide and Ethical Guide for Experimental
Investigations in Conscious Animals.

HCE-CS

The plant was collected from the botanical Horto at the
campus of UNISUL, in the city of Tubardo, Santa Catarina, Brazil
and was identified with the assistance of Professor Jasper Zanco
(Agronomy, UNISUL), by direct comparison with a voucher
specimen deposited at the herbarium Laelia Purpurata at this
University. Leaves were dried, minced and standardized through
sieves, using particles ranging between 250 um and 850 pm. The
extract was produced at a ratio of 1:3 of plant and solvent with
70% ethanol used as extractor liquid. The plant was engorged
in a minimal volume of ethanol and the remaining quantity of
extractor liquid was subsequently added to this material. This
process of maceration was dynamic, with the extractor liquid
remaining in contact with the plant for 10 days under constant
agitation in a closed container at room temperature. At the end of
this process, the extract was filtered using a vacuum pump. HCE-
CS was then concentrated in rotavapor under reduced pressure
to evaporate the ethanol. This process continued with the extract
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Figure 1 Time course of healing, observed by the reduction of the
macroscopic incision extension.

being deposited in a round bottom container which was placed
within a water bath at a temperature of 35,1°C to 40,1°C until
total ethanol evaporation had occurred. The concentrated HCE-
CS was then frozen and lyophilized, and placed in posterior
storage in a desiccator until required for use.

Postoperative Wound Induction

The model was adapted [17] for plantar incision with the
animals under anesthesia induced via a nasal mask of 1%-2%
isoflurane. After checking the animal state of consciousness, the
right hind paw was cleaned by 10% povidone-iodine solution, on
which a 5 mm longitudinal incision was made through the skin
and fascia of the plantar part with a scalpel blade number 11. The
incision started 2 mm from the proximal end of the calcaneus
towards the toes. After the incision, the skin was sutured with 8.0
nylon threads and the suture covered with 10% povidone-iodine
solution.

Treatment

All animals were treated once a day for 3 to 5 days, starting
fromthe day ofthe plantarincision, with 20 uL/site of the following
solutions: a) vehicle: 2.5% acetone solution; b) dexamethasone
0.05 mg/dL diluted in the vehicle; c) Casearia: HCE-CS at a dose
of 30 pg/mL diluted in the vehicle. The allocation of animals in
different groups was done randomly.

Macroscopic evaluation

From the first day of treatment to the last day, the animals
were placed in an acrylic chamber and had their hind legs
photographed, along with a ruler, by a Canon camera. Their
paws were illuminated and fixed at a standard distance. After the
images obtained, the measurements of the length of the scar with
the Image ] program were made (Figure 2).

Histology

On the third day and on fifth the animals were randomly
chosen to be euthanized by intraperitoneal injection of 300 mg/
kg ketamine and 30 mg/kg xylazine, after loss of consciousness
and death, the right hind legs of the mice were dissected and fixed
in 10% formalin, decalcified with 3% formic acid, kept in ethanol
70%, dehydrated, clarified in xylene and embedded in paraffin
at 582C. Subsequently, blocks were made; these were cut on a
Leica RM 2025 microtome at a thickness of 5 um. The sections
were then collected in a thermostatic bath at 522C and placed
on slides. For histomorphometry, the sections obtained were
deparaffinized, hydrated, stained with hematoxylin and eosin,
dehydrated and mounted. To obtain the images, the photos were
taken using an Opticam camera connected to a Quimis optical
microscope. The images were captured at 40x magnification and
analyzed by the Image software assessing the microscopic length
of the scar seen in cross-section and the thickness of the dermis.

Statistical Analysis

Data from independent samples were analyzed using
the Graphpad Instat® 6.0 program and, first, evaluated for
normality. To compare the different study groups, a one-way
Ordinal Analysis of Variance (ANOVA) test was used followed by
Dunnett’s post hoc, with data presented as mean * standard error
of the mean.
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Figure 2 Macroscopic analysis of the influence of different treatments on the time course of healing.
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Figure 3 Influence of HCE-CS on microscopic parameters of skin reorganization. Results presented as a mean * standard deviation of the mean

(n=8). One-way ANOVA, followed by Dunnet’s, P < 0.05.

RESULTS AND DISCUSSION

The data from the present study showed that there is a
statistically significant reduction in the macroscopic length of the
incisional lesion after the 4th day in all groups, when the mean
values of this outcome changed from 5.5+ 1.0 mmto 1,7 + 1.9 mm.
On the other hand, this effect was not statistically significantly in
any treatment group at the different time periods tested in this
study. Regarding the histomorphometric analysis, the effect on
the thickness of the dermis was greater in the group treated with
HCE-CS with an average of 12.69 + 1.92 um, whereas in the group
treated with dexamethasone was the lowest at 6.08 + 1.54 pm
and 6.47 + 0.70 pm in the vehicle group. The transversal section
scar microscopic length was longer in the vehicle group with
107.50 £ 14.80 pm, in the dexamethasone group the mean was
68.88 + 12.46 um and shorter in the HCE-CS with a mean of 58.28

+ 10.64 um. Both measurements showed statistical significance,
with a value of P = 0.0549 for the microscopic length of the cross
section and a value of P = 0.0124 for the dermis thickness.

Through hydroalcoholic solutions of the macerated leaves
of CS, medicinal plastids abbreviate the healing process through
the improvement of capillary permeability, angiogenesis and
cleaning of cellular debris [18]. Corroborating these findings,
structurally in our research it was possible to visualize a faster
return to dermal homeostasis of postoperative wounds from the
third day of scar evolution, through a shorter scar length and
greater dermal thickening.

It has already been pointed out in a previous study that HCE-
CS promotes a reduction of edema in the ear of mice, in addition
to reducing pro-inflammatory enzymatic activity, promoting
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Figure 4 Histomorphometric analysis of the influence of HCE-CS on
skin reorganization parameters (skin thickness and scar length). A:
Casearia; B: vehicle; C: dexamethasone.

histological reorganization of the skin, with a decrease in the
infiltration of mast cells [19]. A comparison of its efficacy and
potency in both models is possible because the dose of the extract
used in both studies was the same.

Another study, also edematogenic model, treated with a
different species of Casearia, demonstrates medicinal properties
common to the genus, related to share phytoconstituents,
visualized by the plant ability to scavenge several free radicals,
and a lower inflammatory infiltrate [20], histological data similar
to the result found by our study. Another author [21] used a model
of second-degree burns and assessed the beneficial effect for a
biofilmform incorporating a hydroalcoholic CS extract. Despite
the re-epithelialization and neovascularization improvements,
no effect was found on scar width or new collagen formation,
similarly to our macroscopic results. In the present study, the
fact that HCE-CS increased the thickness of the treated skin, at
first, may be intriguing, since the increase in this region indicates
a greater activity of fibroblasts. However, it remains for further
studies to investigate whether this is an initial effect of the plant
to promote an improvement in the final outcome, since the
microscopic wound length was reduced by the treatment.

CONCLUSION

In conclusion, the present study expanded the literature
data on the effect of CS in a post-surgical skin lesion model,
demonstrating the benefit on microscopic aspects related to skin
reorganization (Figure 3,4).
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