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Abstract

Background The aim of this study is to compare the histopathological changes in experimental skin wound healing
in mice treated with a topical application of chitosan combined with doxycycline, as well as zinc and selenium
nanoparticles.

Methods Fifty mice with experimental skin wounds were divided into four equal groups: a control group with no
therapeutic intervention, a CsD group receiving a transdermal patch containing doxycycline, a CsDZn group receiving
a transdermal patch with chitosan-doxycycline-zinc nanoparticles, a CsZnS group receiving a transdermal patch with
chitosan-zinc and selenium nanoparticles, and a CsDZnS group receiving a transdermal patch containing chitosan-
doxycycline-zinc and selenium nanoparticles. After synthesizing and confirming the efficacy of the transdermal
patches, we measured the wound area and histological indices of wound healing on the 7th and 14th days of the
study.

Results The results showed that the use of selenium and zinc nanoparticles leads to a decrease in the wound surface
in the CsDZnS group compared to the control group and remaining experimental groups. A significant reduction in
inflammation and hemorrhage was recorded in the CsDZnS group compared to other groups. On the seventh day of
the study, angiogenesis in the CsDZnS group was higher than in the other groups. In addition, on the 14th day of the
study, orientation of collagen fibers and re-epithelialization were more observed in the CsDZnS group compared to
the other groups.

Conclusion The chitosan skin patch containing doxycycline, zinc nanoparticles, and selenium nanoparticles (CsDZnS
group) demonstrated the most effective results in skin healing, as evidenced by the highest control of inflammation
on days 7 and 14, the greatest re-epithelialization on day 14, and the smallest wound area on both days compared to
the other evaluated groups.

*Correspondence:
Moosa Javdani
javdani59@gmail.com

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-025-04672-5&domain=pdf&date_stamp=2025-3-27

Khosravian et al. BMC Veterinary Research (2025) 21:221

Page 2 of 10

[Keywords Chitosan, Doxycycline, Zinc nanoparticles, Selenium nanoparticles ]

Introduction

Transdermal skin patches function as wound dressings
that adhere to the skin, covering wounds and delivering
specific doses of one or more drugs through the skin into
the injured area and bloodstream. These pharmaceutical
systems are synthesized using various scaffolds, including
chitosan, which is favored for its unique properties, such
as permeability, cross-linking ability, optimal membrane
thickness, biodegradability, and non-toxicity [1]. Chi-
tosan has been shown to be effective in the hemostasis,
inflammation, and proliferation stages of wound heal-
ing. It aids in stopping bleeding by increasing the accu-
mulation of platelets and red blood cells while inhibiting
fibrin dissolution. Additionally, chitosan assists in bacte-
rial removal from the wound site during the inflamma-
tory phase and promotes the growth of granulation tissue
[2]. Previously, the application of a chitosan skin patch
loaded with selenium nanoparticles and doxycycline
in skin wounds was evaluated in rats. It was found that
the simultaneous presence of these two compounds in
the chitosan scaffold promotes effective skin repair [3].
Additionally, in the study by Khosrovian et al. (2023),
it was demonstrated that the combination of chitosan
with doxycycline and mesoporous silica facilitates suit-
able skin repair in rats [4]. Chitosan biofilms contain-
ing selenium nanoparticles have been shown to enhance
angiogenesis and facilitate the infiltration of multinuclear
and mononuclear cells at the wound site [5] and fur-
ther enhance skin wound healing by boosting collagen
production and increasing the number of fibroblasts
[6]. Selenium nanoparticles increase the levels of vascu-
lar endothelial growth factor (VEGF) and collagenase-1
while decreasing nitric oxide levels at the wound sur-
face [7]. VEGF regulates angiogenesis by stimulating the
proliferation, migration, differentiation, and survival of
endothelial cells, facilitating the formation of new blood
vessels [8]. In contrast, elevated nitric oxide levels can
lead to increased nitro-oxidative stress [9]. Doxycycline,
as a tetracycline, plays an important role in regulating
inflammation, promoting new blood vessel formation,
and supporting tissue regeneration by inhibiting metal-
loproteases. Additionally, it inhibits protein synthesis by
binding to bacterial ribosomes [10].

Doxycycline inhibits reactive oxygen species, thereby
preventing the conversion of pro-MMP into active matrix
metalloproteinases [11, 12]. The use of zinc nanoparti-
cles in wound healing has also been explored [13]. Zinc
nanoparticles exhibit wound healing, anti-inflammatory,
and bactericidal properties due to their capacity to gen-
erate reactive oxygen species [14]. Studies have shown
that the local application of zinc nanoparticles enhances

epithelialization, promotes wound closure, and supports
skin regeneration [15]. Given that the efficacy of chito-
san wound dressings containing doxycycline, selenium
nanoparticles, and zinc nanoparticles has not yet been
compared, this study aimed to evaluate the histopatho-
logical changes in experimental wound healing in mice
following the local application of these dressings.

Materials and methods

Materials

Zinc nanoparticles was obtained from Sigma Aldrich
(Seelze, Germany). Selenium dioxide, ascorbic acid, low
molecular chitosan and propylene glycol were purchased
from Merck (Darmstadt, Germany). Furthermore, doxy-
cycline was obtained from Razak Pharma (Razak Pharma
Co., Karaj, Iran). Other reagents and solvents were pur-
chased from Merck (Darmstadt, Hesse, Germany).

Nanoparticles preparation and characterization

Selenium nanoparticles were synthesized according to
the previous method [16]. At first, selenium dioxide solu-
tion (1 mM, 500 mL) was prepared and was left to stir
at 800 rpm. Afterward, ascorbic acid solution (44 mM,
50 mL) was added gradually to the first solution and the
final solution was left to stir for 24 h to form selenium
nanoparticles. The prepared nanoparticles were washed
by distilled water and centrifuged sometimes to obtain
net Selenium nanoparticles.

Selenium and zinc nanoparticles were examined by
dynamic light scattering (DLS) (DLS, Mastersizer 2000;
Malvern Instruments, Malvern, Worcestershire, UK) and
Field emission scanning electron microscope (FE-SEM)
(FE-SEM, Tescan/Mira, Brno, Czech Republic) methods.

Patch preparation

Low molecular chitosan (100 mg) was dissolved in 10 ml
of acetic acid (0.1 M) and 0.2 ml of propylene glycol. The
solution was stirred for 2 h to get completely homoge-
neous. Afterward, for preparation of CsD, CsDZn, CsZnS
and CsDZnS patches, the mentioned amount in Table 1
were added to chitosan solution. Afterward, the pre-
pared solution for each patch was stirred for 2 h and then
divided to ten molds and let to dry at 24 °C and dark con-
dition. The dried patches were checked and select the flat
and bubble free one. They were characterized by FE-SEM
method and stored at room temperature in a glass con-
tainer for the next procedures.

Study design and animals
Fifty male mice, aged 9 weeks, were purchased and ran-
domly assigned to five equal groups: (a) a control group
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Table 1 Amount of Chitosan, Doxycycline, zinc nanoparticles,
selenium nanoparticles in different prepared patches

Amount chitosan doxycycline  zinc Sele-

in each nanoparticles nium
patch nanopar-
(mg) ticles
CsD 10 0.03 0 0

CsDZn 10 0.03 1.8 0

CsZnS 10 0 1.8 0.03
CsDznS 10 0.03 18 0.03

CsD (chitosan containing doxycycline patch); CsDZn (chitosan containing
doxycycline and zinc nanoparticles patch): CsZnS (chitosan containing
doxycycline and selenium nanoparticles patch); CsDZnS (chitosan containing
doxycycline and zinc nanoparticles, and selenium nanoparticles patch)

with a skin wound that did not receive any therapeu-
tic intervention; (b) the CsD group, in which a chitosan
transdermal patch containing doxycycline was applied
to the skin wound; (c) the CsDZn group, where the skin
wound was covered with a chitosan transdermal patch
containing doxycycline and zinc nanoparticles; (d) the
CsZnS group, in which the skin wound was covered with
a chitosan transdermal patch containing zinc and sele-
nium nanoparticles; and (e) the CsDZnS group, in which
a transdermal patch of chitosan-doxycycline-zinc-sele-
nium nanoparticles was placed on the skin wound.

Before the study commenced, the mice were housed in
the rodent facility of the Veterinary Faculty at Shahrekord
University for one week to de-stress and adapt to the new
environmental conditions, and they were fed using stan-
dard methods.

Creating experimental skin wounds

Mice were anesthetized via intraperitoneal injection
of ketamine (60 mg/kg) and xylazine (10 mg/kg). They
were positioned prone, their back hair was clipped, and
the skin was surgically prepared in the usual manner. To
create an experimental wound, a circular area of full-
thickness skin measuring 10 mm in diameter was excised
from the backs of the mice using a sharp cut. In accor-
dance with the different experimental groups, a skin
patch was implanted, and the mice were then transferred
to small cages. Daily individual care, including wound
management, feeding, access to water, and environmen-
tal maintenance (such as bedding changes and ensuring
appropriate temperature and humidity), was provided
until the end of the study.

Histopathological examination

In addition to measuring the skin wound area (mm?) on
days 7 and 14 post-surgery, tissue samples including the
wound site and 2 mm of surrounding intact skin—were
collected from 5 mice in each group following induction
of anesthesia via injection. The samples were washed with
PBS, fixed in a container containing 10% buffered for-
malin, and then transferred to the histology laboratory.
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Three parallel slices were prepared from each sample and
stained with hematoxylin and eosin. Skin regeneration
parameters, including inflammation, hemorrhage, angio-
genesis, orientation of collagen fibers, and epithelial tis-
sue regeneration, were assessed using a light microscope.
The scoring system mentioned in the study of Gorgiilii et
al. (2015) was used to rank the histological parameters
[17].

Statistical analysis

The median histological parameters and wound surface
area among different groups at the same time were com-
pared after scoring the evaluated parameters using the
Kruskal-Wallis statistical test, with a significance level set
at P<0.05.

Results

Characterization of prepared nanoparticles

The DLS analysis diagram for selenium nanoparticles was
obtained, showing a dispersion distribution index (PDI)
of 0.178, which indicates a uniform and satisfactory dis-
tribution. The hydrodynamic diameter of the selenium
nanoparticles measured by DLS was 192.5 nm (Fig. 1A),
closely matching the size observed in FE-SEM imaging.
The zeta potential of the selenium nanoparticles was cal-
culated at -19.91 mV, reflecting the negative charge due
to free metal electrons on the nanoparticle surface, in
agreement with findings from other studies (Fig. 1B). The
morphological and surface characteristics of the synthe-
sized nanoparticles were further assessed using FE-SEM,
with images confirming a spherical shape and uniform
distribution of the particles, which ranged in size from
approximately 100 to 200 nm (Fig. 1C).

The DLS analysis diagram of zinc nanoparticles was
examined. The PDI for these nanoparticles was 0.606,
indicating a uniform and satisfactory distribution. Addi-
tionally, the hydrodynamic diameter measured by DLS
for the zinc nanoparticles was reported to be 176.2 nm
(Fig. 2A), which is consistent with the size obtained from
scanning electron microscopy. The zeta potential of the
zinc nanoparticles was measured at -13.57 mV, reflect-
ing the negative charge due to the presence of free metal
electrons on the nanoparticle surfaces, consistent with
findings from other studies (Fig. 2B). Moreover, accord-
ing to Fig. 2C, FE-SEM image of zinc nanoparticles shows
100 to 200 nm almost spherical particles with uneven
surface and uniform particle size distribution.

Examining the appearance of chitosan patch with
nanoparticles

The final patch containing zinc and selenium nanoparti-
cles was visually inspected. The prepared patch exhibited
a uniform, soft, smooth, and bubble-free surface, with a
red coloration (Fig. 3A). Additionally, a FESEM image of
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Fig. 1 Size and zeta surface potential of selenium nanoparticles (A&B); FE-SEM image of selenium nanoparticles (C)

the final patch was obtained, demonstrating the uniform
distribution of nanoparticles within it (Fig. 3B).

Comparison of the wound area in different groups

The areas of wound surfaces in different groups at two
time points, days 7 and 14 of the study, are compared
in Table 2. On the 7th day, the lowest wound level was
observed in the CsDZnS group, with no significant dif-
ferences among the other treatment groups; the largest
wound area was found in the control group. Additionally,
the comparison of the median wound surface on the 14th
day revealed that the CsDZnS group again had the lowest

wound area, while the other groups showed no signifi-
cant differences, with the highest wound level belonging
to the control group.

The comparison of histological parameters in the differ-
ent studied groups on day 7 is presented in Table 3; Fig. 4.
The histopathological results indicated that inflammation
in the control group was significantly higher than in the
other groups (P<0.05), while the CsDZnS group exhib-
ited significantly lower inflammation compared to the
others. However, no significant differences were observed
among the other treatment groups (P>0.05).
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Fig. 2 Size and zeta surface potential of zinc nanoparticles (A&B); FE-SEM image of zinc nanoparticles (C)

The results also showed that hemorrhage in the
CsDZnS treatment group was less than in the other
groups, whereas the control group exhibited more hem-
orrhage compared to the others (P<0.05). The remain-
ing three groups did not show significant differences.
Angiogenesis in the CsDZnS group was greater than in
the other groups, with no significant differences observed
among the latter.

Additionally, the orientation of collagen fibers in the
control group on the 7th day was significantly lower than
in the other groups (P<0.05), while no significant differ-
ences were noted among the other groups. Re-epitheli-
alization was not observed in any of the groups. Tissue
parameters on the 14th day of the study are compared in
Table 4; Fig. 5. The histopathological evaluation on day

14 revealed that inflammation in the control group was
significantly higher than in the other groups, while the
CsDZnS group exhibited lower inflammation compared
to the others (P<0.05). However, no significant differ-
ences were found among the other treatment groups.
Hemorrhage in the CsDZnS group was significantly less
than in the other groups, whereas the control group had
more hemorrhage compared to the others (P<0.05).
Angiogenesis was not observed in any of the groups on
day 14. The orientation of collagen fibers in the control
group was lower than in the other groups (P<0.05). The
density of collagen fibers in the CsDZnS group was sig-
nificantly higher than in the other groups, but no sig-
nificant differences were noted among the remaining
groups. Additionally, re-epithelialization in the CsDZnS
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Fig. 3 Grossimage (A) and FE-SEM image (B) of CsDZnS (chitosan containing doxycycline and zinc nanoparticles) patch

Table 2 Comparison of wound area surface in different groups
in 7 and 14 days of study

Group Day 7 Day 14
Control 9 (8-10)? 7 (5-8)°
CsD 7 (6-8)° 5 (3-6)°
CsDZn 6 (5-8)° 4(4-6)°
CsZnS 6 (5-7)° 5 (3-5)°
CsDzZnS 4 (4-6)° 3 (2-4)

Different letters indicate significant differences in each column (P<0.05);
CsD (chitosan containing doxycycline patch); CsDZn (chitosan containing
doxycycline and zinc nanoparticles patch): CsZnS (chitosan containing
doxycycline and selenium nanoparticles patch); CsDZnS (chitosan containing
doxycycline and zinc nanoparticles, and selenium nanoparticles patch)

group was significantly higher than in the other groups
(P<0.05), while no significant differences were observed
among the other groups.

Discussion

Activation of the inflammatory response initiates tis-
sue regeneration and repair following an injury. Well-
controlled inflammation can promote wound healing;
thus, wound dressings that modulate immune cells and
cytokines at the wound site can effectively reduce inflam-
mation [18]. Conversely, oxidative stress has been found

to regulate wound healing through various pathways.
Therefore, both topical and systemic use of antioxidants
can mitigate stress-induced damage and enhance wound
healing [19]. Chitosan is a functional and versatile bio-
logical substance that serves as a suitable option for pre-
paring wound dressings due to its proven antioxidant and
anti-inflammatory effects [20]. Furthermore, the addi-
tion of any substance that has synergistic effects with
chitosan can significantly enhance wound healing [20].
In the present study, doxycycline, zinc, and selenium
nanoparticles were incorporated into the chitosan scaf-
fold, resulting in a significant reduction in wound surface
area and inflammation compared to the control group.
Notably, a marked reduction in these evaluated param-
eters was observed with the simultaneous presence of
zinc and selenium nanoparticles in the chitosan scaffold.
The anti-inflammatory effect of doxycycline is mediated
through the suppression of TNF-«, IL-1p, and IL-6, and
it has been shown to inhibit IgE-mediated degranulation
and histamine-induced vascular permeability [21]. These
cytokines play a crucial role in initiating and maintain-
ing the immune and inflammatory response. Doxycycline
also reduces the recruitment of inflammatory cells, such

Table 3 Comparison of histological parameters in different groups on day 7 of the study

Group Inflammation Hemorrhage Angiogenesis orientation of collagen fibers Re-epithelialization
Control 2(2-37 2(1-3)72 1(0-2)° 0(0-1) 0 (0-0)°
CsD 1(1-2)P 0(0-1)° 1(1-2)p° 1(1-2)P 0 (0-0)°
CsDZn 1(1-2)° 1(1-2)P° 1(1-2)? 1(0-2)° 0 (0-0)?
CsZnS 1(1-2P° 1(1-2P° 1(1-2)° 1(1-2P 0 (0-0)°
CsDZnS 0(0-1)° 0(0-1)° 2(2-2)° 1(1-2)P 0(0-0)

Different letters indicate significant differences in each column (P<0.05); CsD (chitosan containing doxycycline patch); CsDZn (chitosan containing doxycycline
and zinc nanoparticles patch): CsZnS (chitosan containing doxycycline and selenium nanoparticles patch); CsDZnS (chitosan containing doxycycline and zinc

nanoparticles, and selenium nanoparticles patch)
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Control group

CsD group
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CsDZn group

Fig. 4 Histopathological sections on day 7 in different groups (10x magnification); Control; (Edema (blue arrow), inflammation (red arrow), hemorrhage
(white star), very fine collagen fibers (white arrow); CsD (chitosan containing doxycycline; fine collagen fibers (white arrow), newly formed vessels (yellow
arrow), fibroblast cells (orange arrow); CsDZn (chitosan containing doxycycline and zinc nanoparticles; newly formed vessels (yellow arrow), fine collagen
fibers (white arrow), presence of fibroblasts (orange arrow); CsZnS (chitosan containing doxycycline and selenium nanoparticles; hematoma (white star),
fine connective tissue (white arrow), fibroblasts (orange arrow), newly formed vessels (yellow arrow); CsDZnS (chitosan containing doxycycline and zinc

nanoparticles, and selenium nanoparticles; regular and relatively dense collagen fibers (white arrow), very little edema, no inflammation)

Table 4 Comparison of histological parameters in different groups on day 14 of the study

Group Inflammation Hemorrhage Angiogenesis orientation of collagen fibers Re-epithelialization
Control 2 (2-3)° 1(1-2)? 0(0-1)? 0(0-1)? 1(1-2)?
CsD 1(1-2)P 0(0-1)° 0(0-1) 1(1-27° 1(1-2)7°
CsDZn 1(0-1)P 0(0-1)° 0(0-1) 1(0-2)° 2(1-2)°
CsZnS 1(1-2)° 0(0-1)° 0(0-1)? 1(1-2)? 2(1-2)7°
CsDZnS 0(0-1)° 0(0-1)° 0(0-1) 1(1-2)° 2(2-3)P

Different letters indicate significant differences in each column (P<0.05); CsD (chitosan containing doxycycline patch); CsDZn (chitosan containing doxycycline
and zinc nanoparticles patch): CsZnS (chitosan containing doxycycline and selenium nanoparticles patch); CsDZnS (chitosan containing doxycycline and zinc

nanoparticles, and selenium nanoparticles patch)

as macrophages and neutrophils, to the wound site, ulti-
mately decreasing scar formation [22]. TNF-a acts by
binding to two cell surface receptors, TNFR1 and TNFR2.
Upon binding to TNFRI, a signaling cascade is initiated
that activates nuclear factor kappa B (NF-«B). The acti-
vation of NF-kB results in a decrease in the expression
of several pro-inflammatory mediators, including adhe-
sion molecules, cytokines, chemokines, and enzymes
such as cyclooxygenase-2 (COX-2), ultimately reducing

the inflammatory response and the activation of immune
cells [23]. Conversely, oxidative stress can disrupt wound
healing due to its role in promoting inflammation. Doxy-
cycline exhibits antioxidant properties by removing reac-
tive oxygen species (ROS), leading to anti-inflammatory
effects and creating a more favorable environment for
wound healing [24]. Additionally, doxycycline has sev-
eral other beneficial effects, including antibacterial activ-
ity, stimulation of angiogenesis, inhibition of matrix
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CsDZn group

Fig.5 Histopathological sections on day 14 in different groups (10x magnification); control (lack of proper epithelium formation (black star), edema (blue
arrow) and hemorrhage (white star); CsD (chitosan containing doxycycline; formation of thin epithelium (black star), edema (blue arrow) and the absence
of dense and regular collagen fibers (white arrow), hyperemia (white star); CsDZn (chitosan containing doxycycline and zinc nanoparticles; formation of
thin epithelium (black star), fine collagen fibers (white arrow); CsZnS (chitosan containing doxycycline and selenium nanoparticles; formation of delicate
epithelium (black star), edema (blue arrow), absence of regular collagen fibers (white arrow), inflammation (red arrow); CsDZnS (chitosan containing
doxycycline and zinc nanoparticles, and selenium nanoparticles; formation of thick and unified epithelium (black star) and surface keratin (red star), rela-

tively dense connective fibers in the dermis (white arrow)

metalloproteinases (MMPs), and modulation of fibro-
blast activity, all of which contribute to wound healing.
Zinc nanoparticles have also been reported to possess
anti-inflammatory, antibacterial, and antioxidant proper-
ties, along with stimulation of cell migration, angiogen-
esis, and re-epithelialization [25]. Various mechanisms of
action have been attributed to zinc nanoparticles, includ-
ing inhibiting the expression of pro-inflammatory cyto-
kines, blocking inducible nitric oxide synthase (iNOS),
preventing mast cell degranulation, inhibiting the myelo-
peroxidase enzyme, and blocking the NF-kB pathway
[26]. These nanoparticles are therefore effective in pro-
moting wound healing. Selenium nanoparticles, due to
their small size and large surface area, have a high poten-
tial for scavenging free radicals and improving wound
healing. Research has shown that selenium nanoparticles
enhance wound healing by reducing the inflammatory

response and promoting wound closure, granulation tis-
sue formation, collagen deposition, and angiogenesis [27].
The anti-inflammatory effects of selenium nanoparticles
are mediated by downregulating the mRNA synthesis of
pro-inflammatory cytokines, including IL-1, TNF-a, and
inducible nitric oxide synthase. Selenium nanoparticles
also reduce the production of pro-inflammatory media-
tors through the nuclear translocation of NF-«B [28]. The
antimicrobial effect of selenium nanoparticles, attributed
to their ability to disrupt bacterial cell walls, is one of the
key benefits of these nanoparticles in enhancing wound
healing. It has been reported that an ointment containing
5% selenium nanoparticles was highly effective in repair-
ing the skin of wistar rats [29]. Similarly, in the study by
Abbaszadeh et al. (2019), the combination of chitosan
and selenium nanoparticles was found to be effective in
healing skin wounds in rats [5]. Based on the results of
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the present study, the incorporation of selenium and zinc
nanoparticles into the chitosan scaffold accelerated the
wound healing process compared to the control group.
Notably, the wound area was smaller with zinc com-
pared to selenium when loaded onto chitosan. However,
the simultaneous incorporation of both zinc and sele-
nium nanoparticles on the chitosan scaffold exhibited a
synergistic and positive effect on the acceleration of skin
wound healing.

Conclusion

The highest control of inflammation observed on the 7th
and 14th days of the study, along with the greatest re-
epithelialization on the 14th day and the smallest wound
area on both the 7th and 14th days, indicates that the chi-
tosan skin patch containing doxycycline, zinc, and sele-
nium nanoparticles (CsDZnS group) is more effective for
skin healing compared to the other evaluated groups.
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