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Abstract

This study aimed to evaluate the restorative effect of chitosan hyaluronic acid scaffold (CHAS) with and without
mesenchymal stem cells (MSCs) on the wound healing process in rats. The different wound treatment groups were
as follows: no treatment or control (C), wound treatment with CHAS, wound covering with CHAS with MSCs.
The wound healing effect was measured by measuring the wound area in each mouse on days 3, 5, 9, and 14. Then,
for histopathological evaluation in the above days, each wound and 5 mm of normal skin tissue around each wound
were separated and fixed. The results demonstrated that on the third and fifth days after the wound formation, the
area of the remaining wound in the CHAS group was significantly smaller than the CHAS with MSCs but no
significant difference was observed in the group C. Also, the area of the remaining wound on the ninth and
fourteenth days in the studied groups did not show a significant difference. However, on day 14, the mean wound
area in the CHAS group with MSCs was smaller than the other two groups. Histological examinations of the
wound site were studied in terms of collagen arrangement, inflammation, vascular formation, granulation tissue,
and epithelial regeneration. Studies in terms of collagen arrangement, granulation tissue formation, and vascular
formation showed that on the third day. There was a significant difference between the groups, while no statistically
significant difference was found between the groups in terms of inflammation and epithelial regeneration on the
studied days. All these results demonstrate that there is no significant difference between the CHAS group and the
CHAS group with MSCs as well as in group C.
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Introduction

Wounds are one of the most common sequential phases: hemostasis, which lasts
health problems and their complete healing from a few minutes to a few hours after a
represents a major challenge worldwide skin injury, acute inflammation, which lasts
(Boateng and Catanzano, 2015). Wound 1- 3 days, Proliferation, generally lasting
healing is traditionally divided into four several days to a month, and eventual skin
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remodeling or scarring (Raziyeva et al,
2021). The inflammatory phase is
characterized by the presence of pro-
inflammatory neutrophils and macrophages
at the lesion site. The proliferative phase of
wound healing involves keratinocytes,
fibroblasts, macrophages and endothelial
cells whose active cooperation promotes re-
epithelialization, angiogenesis and
fibroplasia (Oliveira et al, 2022). Tissue
remodeling mainly involves fibroblasts
which are responsible for replacing the
fibrin clot with scar tissue, slowing down
angiogenesis and changing collagen
composition (Yang et al, 2021). Several
strategies have been proposed to improve
wound healing. They can be broadly
divided into biological agents, biomaterials,
and cellular strategies (Son et al, 2019).
Many studies have shown that cell therapies
improve wound healing by improving
angiogenesis and re-epithelialization to
utilize cellular technologies, bone marrow-
derived mesenchymal stem cells, adipose-
derived cells, epidermal cells, and others
(Shojaei et al, 2019).

Mesenchymal stem cells (MSCs) are
involved to varying degrees in all three
phases of wound healing. An important
element of the mechanism of action of
MSCs is that they directly reduce the
inflammatory response and modulate
immune system activity (Jiang and Xu,
2020). Studies have shown that the addition
of MSCs to an active immune response
reduces the secretion of the pro-
inflammatory  cytokines TNF-a and
interferon while increasing the production
of the anti-inflammatory cytokines,
interleukin-10 and IL-4. This demonstrates
the importance of the anti-inflammatory
and immunomodulatory effects of MSCs in
wound healing the detailed mechanisms of
which have been described in several
reviews (Harrell et al, 2019). In addition,
MSCs have an antimicrobial effect which is
very important in cleaning the wound from
infections. The antimicrobial activity of
MSCs occurs through two mechanisms:
directly  through the secretion of

antimicrobials such as LL-37 and indirectly
through the secretion of immune factors that
regulate bacterial killing and phagocytosis
by immune cells (Johnson et al, 2022).
Current data suggest that the persistence
and survival of MSCs at the lesion site are
limited and need to be overcome by tissue
engineering (TE) approaches (Shafiq et al,
2021).

One of the goals of skin tissue
engineering is to use engineering
techniques to facilitate the natural wound
healing cascade by providing appropriate
physicochemical and biochemical factors
via natural or synthetic polymers (Nour et
al, 2021). Chitosan (CS) is a de-acetylated
derivative of chitin found primarily in the
exoskeletons of arthropods including
shrimps, crabs, and insects. In fact, CS is a
polysaccharide composed of two di-acetyl
units (D-glucosamine linked to 3-(1-4)) and
acetylated units (N-Acetyl-D-glucosamine)
(Bakshi et al, 2020). The glucosamine
moieties of CS have been reported to be a
potent accelerator of wound healing. CS
promotes wound healing through two main
pathways (Eivazzadeh-Keihan et al, 2022).
First, the N-Acetyl-D-glucosamine moiety
of CS contributes to fibroblast proliferation
and collagen production. Its positive charge
interacts electrostatically with
glycosaminoglycans leading to the uptake
of growth factors. In the second phase,
macrophages are activated by N-Acetyl-D-
glucosamine to phagocytose and release
mediators such as TGF-B1 and platelet-
derived growth factor (Shariatinia, 2019).
Furthermore, CS controls the production of
IL-1 which controls fibroblast proliferation
and collagen synthesis (Ribeiro, 2021). CS
has also been reported to induce IL-8
secretion by fibroblasts leading to
angiogenesis and neutrophil migration. CS
can act as a hemostatic agent, promoting
blood clotting by absorbing fibrinogen and
plasma proteins. In addition, it can block
nerve endings, thereby relieving pain (Guo
et al, 2023). Therefore, it contributes to
rapid wound healing and prevents scarring.
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Numerous studies have shown that
components and mimetics of the
extracellular matrix play an important role
in the repair of various tissues (Amorim et
al, 2021). Scientists believe that hyaluronic
acid (HA) can improve the mechanical
properties and cell affinity of scaffolds
through chemical combinations and surface
modifications. HA is an important
component of the synovial fluid and
extracellular matrix with a disaccharide
structure consisting of di-glucuronic acid
and N-acetyl glucosamine (Chen et al,
2021). HA influences cell proliferation,
differentiation and tissue repair. Long-chain
HA activates fibroblast proliferation and
migration and increases collagen deposition
(Prajapati and Maheriya, 2019). During the
wound healing process, HA can bind to
fibrinogen during clot formation. At high
concentrations, hyaluronic acid forms a
porous network structure that allows the
diffusion and migration of cells and
proteins. During angiogenesis, HA binds to
CD44 which promotes the formation of new
blood vessels (Graga et al, 2020). It can also
lead to wound healing through proliferation,
migration, and increased  collagen
deposition in keratinocytes (Kawano et al,
2021). HA relieves pain by reducing nerve
sensitivity (Li et al, 2020).

In fact, the speed and quality of repair of
damaged tissue are very important (Kolimi
et al, 2022). Therefore, this study was
designed and implemented with the aim of
evaluating the regenerative effect of
chitosan and hyaluronic acid scaffold with
and without MSCs on wound healing in
rats.

Material and Methods
Preparation steps of 2% chitosan (CS)
scaffold:

Medium molecular weight Sigma CS
powder (Sigma, USA) was prepared, and
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the powder was dissolved in 0.5 molar
acetic acid to produce and fabricate porous
tissue. To produce 0.5 molar acetic acid
according to the formula N1 V1 = N2 V2,
2.89 cm3 of this acid was poured into a 100
cm3 volumetric flask and the solution was
then filled up with water. Then 2 grams of
chitosan powder were added to this
solution. To completely dissolve the CS-
powder, this solution was stirred for 5 hours
at 50 degrees Celsius on a Steer device
using a magnet. After this time, a clear
solution was obtained. The resulting
solution was placed in the refrigerator at -4
°C for one day, then placed in the freezer at
-18 °C for one day, and after leaving the
freezer, it was placed in a freeze dryer for
one day. The mechanism of this device is
that when freezing at a temperature of about
-50°C, porosity is created in the desired
material using a vacuum pump. After
completing these phases, a white, spongy
and porous substance was finally obtained.
In the final step, the obtained material was
placed in a freezer at -18 °C for 24 hours
and then placed in a non-sterile device for
sterilization (Garg, Chanana & Joshi, 2012).

Scaffold impregnation with hyaluronic acid
(HA)

To impregnate a series of scaffolds with
HA, the first HA solution was prepared at a
concentration of 3 mg/ml (0.3%). To avoid
any contamination and to ensure the sterility
of the solution, the preparation and
impregnation phases of the solution were
carried out under a laminar hood. In
addition to using sterile PBS to prepare the
HA solution, the resulting solution was also
filtered using a filter on the syringe head. At
this stage, the scaffolds are grown in
containers. Six houses were set up, HA
solution was added, and kept in an incubator
at 37 °C for 24 hours (Figure 1).
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Figure 1: Wound site on the third day after creating a lesion: a) control group b) chitosan hyaluronic acid
group c) chitosan hyaluronic acid + mesenchymal stem cells group

Mesenchymal Stem Cell (MSC) Culture

In this study, the cultured cells were
human MSCs donated by Imam Khomeini
Hospital in Tehran and transferred to the
Animal Embryo Technology Research
Institute of Shahrekord University in the
frozen state during the first passage in order
to produce there. Under the same conditions
during the third passage, they were grown
on research scaffolds. In the cell growth and

Figure 2: wound site on the fifth day a) control group b) chitosan hyaluronic acid group c) chitosan
hyaluronic acid + mesenchymal stem cells group

proliferation study on the CH scaffold, the
scaffolds were sterilized under UV- light for
at least 2 hours and then placed in 24-well
plates. In the third step, the cells were
cultured on CH pieces in DMEM medium
at 10% FBS for three days. Finally, they
were transferred to the surgical department
for use in the reconstruction process
(Figures 2, 3).

Figure 3: wound site on the ninth day a) control group b) chitosan hyaluronic acid group c) chitosan
hyaluronic acid + mesenchymal stem cells group
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Animal study

To carry out this research, the first 60
male rat pieces weighing about 200-250 gr
were collected from the animal shelter of
Shahrekord University. To adapt to the new
environment, they were kept in cages for
two weeks and given sufficient water and
standard food. The animals were randomly
divided into three groups of twenty animals
each. In the negative control group (C), no
compound was applied to the wound. In the
second group, chitosan and hyaluronic acid
(CH) scaffolds were placed on the wound,
while in the third group, CH scaffolds with
MSCs (CHM) were placed on the wound. It
should be noted that the scaffold was
sterilized under ultraviolet light for one
hour before use.

To create a wound on the skin, the hair on
both sides of the spine on the animal's back
was first shaved. Subsequently, a
combination of ketamine (at a dose of 40 to

87 mg/kg) and xylazine (at a dose of 5 to 13
mg/kg) was used to induce anesthesia. After
setting the appropriate depth of anesthesia,
the required wound area was disinfected
with betadine scrub solution and the
necessary measures were taken to establish
sterile conditions. Before performing the
wounds, the exact location of the wounds
was marked. A 5 mm diameter skin punch
device was used to create wounds of equal
size (Figure 4). After dressing the wounds
to prevent infection, the wound areas were
covered with a sterile dressing and the rats
were examined until complete healing.
Each of them was then kept and cared for in
a separate cage. After recovering and
regaining consciousness, the animals were
reintroduced into the herd and received
enrofloxacin10%, by intramuscular

injection at a dose of 10 mg/kg every three
days. The day the wound formed was
considered day zero.

Figure 4: wound site on the fourteenth day a) control group b) chitosan hyaluronic acid group c) chitosan
hyaluronic acid + mesenchymal stem cells group

Gross examination of wounds

On the 3rd, 5th, 9th and 14th days after
the operation, wound location and wound
appearance, such as inflammation, heat,
redness, swelling and compatibility of
materials with the wound were investigated.
Photographs were then taken with a digital
camera at a distance of 20 cm from the
wound. The Image J software was used to
evaluate and evaluate the prepared images.
Histopathological examination
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Five samples were collected from each
group on days 3,59 and 14 to prepare
histopathological sections. Therefore, the
rats were painlessly euthanized using the
maximum anesthetic dose and appropriate
tissue samples were collected from the
wound. In this way, by cutting with a
scalpel, a portion of the skin tissue at the
edges of the wound, both healthy and
damaged, was collected in its entire
thickness and, after washing with
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physiological serum, was fixed in container
with buffered formalin to 10%. Five-
micrometer sections were then prepared
from these samples using a microtome and
stained with hematoxylin-eosin as routine
method. The wound healing process was
evaluated and scored from  the
histopathological point of view of the
prepared samples using evidence such as
inflammation, fleshy tissue formation,
collagen fiber alignment, angiogenesis and
epithelial tissue regeneration (Gupta and
Kumar, 2015).

Statistical analysis

The SPSS program was used to perform
statistical tests. The macroscopic results
obtained were analyzed using one-way
anova and the microscopic results were
analyzed using the nonparametric Kruskal-
Wallis statistical test.

Results
The results of macroscopic examination of
wound healing

On the third day after wound formation,
there was no significant difference between
the CH group and the control group, but
there was a significant difference between
this group and the CH group along with
MSC (p=0.018). Also, there was a
significant difference (p=0.018) between
the control and CHM group. On day 5, there
was no significant difference between the
control group and CH group (p=0.065). The
data show that there is a significant
difference between the CH and the CHM
group (P=0.045) and the wound area was
smaller in the CH group. On the 9th day, no
significant  difference was  observed
between the groups, but the area of the
wound in the CHM group was smaller than
the other groups. On the 14th day, no
significant  difference  was  observed
between the groups, but the wound area in
the CH group was less that in the CHM
group (Table 1, Figure 1).

Table 1: Area of wounds in mm?2 scale in different groups

Groups Days of study
3 5 9 14
Control 12.67+1.67* | 8.14+1.89* | 3.77+1.08* | 1.40+0.44°
Chitosan/hyaluronic acid 12.63+3.36* | 6.79+4.34* | 3.70+1.01* | 0.67+0.22?
Chitosan/hyaluronic acid /MSC | 12.63+1.44° | 8.42+1.49° | 2.63+0.44* | 0.95+0.65%
P value P<0.05 P<0.05 p>0.05 p>0.05

The results of histopathology studies of
wound healing

In the microscopic study of wound
samples on days 3, 5, 9, and 14, the degree
of wound healing was evaluated using
evidence such as inflammation, formation
of fleshy bud tissue, orientation of collagen
fibers, vascularization, and epithelial tissue
regeneration. A score of 0 to 4 was used to
evaluate the healing of wounds based on the
mentioned evidence.

The results of examining the arrangement of
collagens

The results of examining the arrangement
of collagens show that on the third day of
the study, a significant difference can be
seen among the studied groups (p<0.05). On
the fifth, ninth, and fourteenth days of the
study, the study of the collagen composition
in the groups showed that there was no
statistically significant difference between
them (p<0.05) (Table 2).

Table 2: The results of the arrangement of collagen in the studied groups.
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P<0.05 indicates a significant difference. middle (minimum - maximum)

Groups Days of study
3 5 9 14
Control 0(0-0) 1(1-2) | 2(2-2) | 3(3-3)
Chitosan/hyaluronic acid 1(1-1) 1(1-1) 2(2-3) 3(3-3)
Chitosan/hyaluronic acid /MSC | 1(1-1) 2(2-2) | 3(2-3) | 3(3-4)
P value 0.030 0.061 0.067 0.368

The results of investigating the formation of
granulation tissue

The results of examining the formation of
granulation tissue show that there is a
significant difference between the groups

on the third day of the study (p<0.05). No
significant ~ difference was  observed

between the groups on days 5, 9 and 14
(p<0.05) (Table 3).

Table 3: The results of investigating the formation of granulation tissue in the studied groups. P<0.05
indicates a significant difference. middle (minimum - maximum)

Days of study
Groups 5 9 12
Control 0(0-0) | 3(3-2) | 3(3-4) | 3(3-4)
Chitosan/hyaluronic acid 1(1-1) | 3(3-3) | 4(3-4) | 4(3-4)
Chitosan/hyaluronic acid /MSC 1(1-1) | 3(3-4) | 4(4-4) | 4(4-4)
P value 0.018 0.102 0.264 | 0.565

Inflammation examination results

The results of the investigation of
inflammation show that there is no
significant  difference  between  the
investigated groups at all investigated times
(p<0.05). On the ninth day, despite the

absence of inflammation in the control and
chitosan hyaluronic acid groups, no
significant  difference was observed
between all groups (p=0.67) (Table 4)

Table 4: The results of investigating inflammation in the studied groups. P<0.05 indicates a significant
difference. middle (minimum - maximum)

Days of study
Groups 3 5 9 14
Control 2(2-2) 1(0-1) 0(0-0) 0(0-0)
Chitosan/hyaluronic acid 2(1-2) 1(2-1) 1(0-1) 0(0-0)
Chitosan/hyaluronic acid /MSC | 1(1-1) 1(0-1) 0(0-0) 0(0-0)
P value 0.061 0.306 0.670 1

Results of vascularization

Examining the results of angiogenesis in
the present study, it was observed that there
was no significant difference between the
investigated groups on the fifth, ninth and
fourteenth day (p<0.05). But on the third
day, angiogenesis in the hyaluronic acid

chitosan group and the hyaluronic acid
chitosan group with stem cells was better
than the control group (p<0.05), and also
the hyaluronic acid chitosan group was
better than the hyaluronic acid chitosan
group with stem cells (p<0.05) (Table 5).

Table 5: The results of investigating the formation of blood vessels in the studied groups.
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P<0.05 indicates a significant difference. middle (minimum - maximum)

Days of study
Groups 3 5 9 14
Control 0(0-0) 2(2-2) 2(2-1) 1(1-0)
Chitosan/hyaluronic acid 3(3-2) 2(2-3) 2(3-1) 2(1-2)
Chitosan/hyaluronic acid /MSC 2(3-2) 3(3-3) 2(3-2) 2(3-1)
P value 0.046 0.061 0.061 0.152

The results of examining the regeneration of

the epithelium

The results of the examination of the
regeneration of the epithelium are given in

Table 6-4. As can be seen, there is no

significant

difference

between

the

investigated groups in all investigated times
(p<0.05) (Table 6).

Table 6: The results of investigating the regeneration of the epithelium in the studied groups. P<0.05
indicates a significant difference. middle (minimum - maximum)

Days of study
Groups 3 5 9 14
Control 0(0-0) 1(2-1) 2(2-2) 3(4-3)
Chitosan/hyaluronic acid 0(0-0) 2(2-1) 3(3-3) 4(4-3)
Chitosan/hyaluronic acid /MSC 0(0-0) 2(2-2) 3(4-3) 4(4-4)
P value 1 0.102 0.110 0.061

Results of examining microscopic images of
wounds in different groups

On the third day (Figure 5 A), there was
a surface clot on the surface of the wound
(star) and hyperemia was observed in the
wound space in the control group (arrow).
Also, the presence of a surface clot on the
wound surface with a small accumulation of
fibrin (star) and a small number of
inflammatory cells in the wound space in
the CH group (arrow) was observed (Figure
5 B). The presence of surface clot on the
surface of the wound along with the
accumulation of fibrin (star) and a small
number of inflammatory cells and edema in
the wound space in the CHM group (arrow)
were recorded (Figure 5 C). On the fifth
day, the presence of surface clot and the
formation of edematous granulation tissue
(star) and the formation of blood vessels in
the wound space (arrow) were seen (Figure
6 A). The absence of surface clot (star) and
the formation of granulation tissue with
strings Irregular spots were recorded in the
wound space in the CH group (arrow)
(Figure 6 B). The Surface clot and filling of
the wound space by irregular granulation
tissue (star) and formation of blood vessels

in the wound space were present in the
CHM group (arrow) (Figure 6 C). On the
Oth day, the filling of the wound space by
immature granulation tissue (arrow) and the
presence of newly formed vessels in the
control group (star) were recorded (Figure 7
A). The formation of the epidermis and the
filling of the wound space by fibrous
granular tissue (arrow) were seen in CH
group (Figure 7 B). Also, the filling of the
wound space by relatively thick and regular
granulation tissue was observed in the CHM
group (arrow) (Figure 7 C). On the 14th day,
in the control group, the formation of the
epidermis was evident along with the filling
of the wound space by relatively thick and
irregular collagen fibers (arrow) (Figure 8
A). The formation of keratinized epidermis
along with the filling of the wound space by
relatively thick and regular collagen fibers
(arrow) and the reduction of blood vessels
were also seen in the CH group (star)
(Figure 8 B). The formation of keratinized
epidermis along with the filling of the
wound space by thick and regular collagen
fibers (arrow) and the reduction of blood
vessels were also observed in the CHM
group (star) (Figure 8 C).
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Discussion

Skin may be a delicate tissue that secures
the entire body and inside tissues against
warm, electrical adjust and physical harm
(Kirwann and Pignataro, 2015). Skin

dressings  anticipate  pathogens and
organisms from entering the harmed zone
and body water loss and lead to acceleration
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of wound closure and reduction of scar
formation (Okur et al, 2020). The wound
healing process may be a complex prepare,
and in case of extreme tissue harm, the
tissue reclamation may not lead to the return
of the ordinary tissue structure, and the
connective tissue may be damaged and a



Siavash Sharifi, Sayed Ahmad Emadi, et al.

scar or wound may be shaped (Tabassum et
al, 2021). Nowadays, the utilization of
dressings of biological origin plays a viable
part in wound healing and scar decrease
(Farahani and Shafiee, 2021). Moreover,
broad considers on the utilization of topical
treatments or modern dressings are
continuously being conducted (Borda et al,
2016). Until presently, different dressings
have been made for the treatment and
healing of wounds, but most of them have
issues such as incompatibility within the
natural environment, need of antibacterial
and biodegradable properties (Bianchera et
al, 2020). In the new tissue designing
strategies, engineered polymers such as
chitin, chitosan, and collagen are utilized to
create scaffolds due to their suitable
biological properties such as adhesion,
compatibility, and antimicrobial properties
(Ahmed et al, 2018). MSCs have moreover
attracted the consideration of numerous
analysts due to their anti-bacterial
properties  and  healing  situations
(Krasnodembskaya et al, 2010).

In this study, the effect of chitosan-
hyaluronic acid scaffold with and without
bone-derived mesenchymal stem cells
(BMSC) on wound healing in rats was
examined. On the third and fifth day, the
region of the wound was significantly less
compared to the CHM group. But there was
no significant difference with the control
group. On the 9th and 14th days of the
study, there was no significant difference
between the groups in terms of wound area.
Sadik et al, (2015) examined chitosan gel
and MSCs and found that -chitosan
improved wound healing compared to the
control, but none of the wounds closed
within 15 days. According to this study, the
recovery and speed of wound healing was
higher within the groups treated with
MSCs, and it has also been shown that
intradermal injection of MSCs has a faster
healing rate than systemic injection (sadik
et al, 2015). In addition to the positive
effects of chitosan and hyaluronic acid on
wound healing, bone-derived mesenchymal

stem cells cause the growth and chemotaxis
of fibroblasts, thereby increasing the speed
of wound healing (Ha et al, 2020). In
contrast to our results, in other studies, the
effect of using hyaluronic acid, chitosan and
MSCs in reducing the wound area is clear.

The results of examining the arrangement
of collagen bundles in the present study
showed that on the third day, CHM group
and CH group had significantly better
collagen arrangement than the control
group. The local use of hyaluronic acid on
the wound by increasing the movement of
fibroblasts towards collagen sponges and
the formation of collagenous tissue in the
early stages accelerates the healing handle,
and bone-derived stem cells increment type
one and three collagens in the wound
healing process (Thones et al, 2019). In the
study of Berce et al, (2018), the role of the
coating containing chitosan and hyaluronic
acid has been emphasized in reducing scar
formation by improving the rearrangement
of collagen bundles (Berce et al, 2018).
Also, in the study of Sadik et al, (2018), it
was shown that the systemic injection of
MSCs in complete repair Collagen plays a
significant role in wound healing and skin
repair (sadik et al, 2015).

The results of the present study, in terms
of examining the granulation tissue, showed
that on the third day of the study, there was
a significant difference between the CH
group and the CHM group and the control
group. In spite of the fact that the
granulation tissue formation was better in
the CH group on days five, nine and
fourteen of the study than the other two
groups, no significant difference was
observed between the groups. HA increases
vascularization, regeneration of epithelium
and formation of granulation tissue, as well
as migration of endothelial cells and
improvement of regeneration of epithelium
at the wound site (Hussain et al, 2017).
BMSCs discharging different particular
cytokines and chemokines, have higher
amounts of VEGF-a, IGF-1, EGF,
keratinocyte growth factor, angiopoietin-1,
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derived factor 1 compared to skin
fibroblasts. From the stroma, they secrete
macrophage inflammatory protein-1 alpha
and beta and erythropoietin. Also, the
factors released by BM-MSC attract
macrophages and endothelial cells into the
wound and thus increase wound healing
(Chakravorty and Shukla, 2023).

The results of the investigation of
inflammation in the present study show that
there is no significant difference between
the studied groups. HA does not play a
significant role in promoting inflammation
and speeding up healing (Frenkel, 2014).
Chitin, chitosan, its monomers and
oligomers accelerated the wound healing
process by increasing the activities of
inflammatory cells such as
polymorphonuclear leukocytes,
macrophages and fibroblasts (Sharifi et al,
2022). It has been found that dressings
impregnated  with  chitosan  reduced
inflammation and created significant
antimicrobial effects compared to the
control group. In fact, chitosan plays an
effective role in faster wound healing by
increasing the presence of multinucleated
white blood cells, increasing the migration
of fibroblasts to the wound surface and
improving their growth and multiplication,
and increasing the migration of
macrophages (Yazarlu et al, 2021). The role
of mesenchymal stem cells in reducing
inflammation is related to the presence of
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cytokines and is very short-term (Van Buul
et al, 2012).

In the present study, the results of
angiogenesis show that there is a significant
difference between the groups only on the
third day of the study, and no critical
difference was seen on the other days. It has
been demonstrated that bone-derived stem
cells increase epithelization and
vascularization in the healing process of
diabetic and non-diabetic wounds in mice
(Pountos et al, 2014). It has also been found
that chitosan induces inflammatory cells
and increases blood vessels and collagen in
the new tissue (Deng et al, 2010). In the
study of Yang et al., 2021, the effect of
nanoparticles containing hyaluronic acid on
the inflammatory process and angiogenesis
was evaluated and proved by measuring o-
SMA and CD31 during the healing process
of diabetic wounds (Yang et al, 2021).

The results of this study showed the
appropriate performance of
chitosan/hyaluronic acid scaffold
impregnated with mesenchymal stem cells
in wound healing, especially in the early
days of wound healing. In fact, the nearness
of progenitor cells, cytokines and growth
factors in mesenchymal stem cells increases
the performance of other components
within the wound recuperating process. The
manner and duration of use and the dose of
the material used compared to other studies
cause differences in the final results, and
additional studies are needed in this field.

Thanks are hereby given to the Research Vice-Chancellor of Shahrekord University for

funding the costs of this research.

Conflict of interest

The authors declare that there is no conflicts of interest regarding the authorship and

publication of this research article.

Funding

The financial resources for this research were provided by Shahrekord University in the form

of a student thesis project.

97 | TIranian Veterinary Journal




Siavash Sharifi, Sayed Ahmad Emadi, et al.

References

Ahmed, S., Ali, A., & Sheikh, J. (2018). A review on
chitosan centered scaffolds and their applications
in tissue engineering. International journal of
biological macromolecules, 116, 849-862.

Amorim, S., Reis, C. A., Reis, R. L., & Pires, R. A.
(2021). Extracellular matrix mimics using
hyaluronan-based  biomaterials.  Trends in
biotechnology, 39(1), 90-104.

Bakshi, P. S., Selvakumar, D., Kadirvelu, K., &
Kumar, N. (2020). Chitosan as an environment
friendly biomaterial-a review on recent
modifications and applications. [International

journal of biological macromolecules, 150, 1072-
1083.

Berce, C., Muresan, M.S., Soritau, O., Petrushev, B.,
Tefas, L., Rigo, 1., Ungureanu, G., Catoi, C.,,
Irimie, A., & Tomuleasa, C. (2018). Cutaneous
wound healing using polymeric surgical dressings
based on chitosan, sodium hyaluronate and
resveratrol. A preclinical experimental study.
Colloids and Surfaces B: Biointerfaces, 163, 155-
166.

Bianchera, A., Catanzano, O., Boateng, J., & Elviri,
L. (2020). The place of biomaterials in wound
healing. Therapeutic dressings and wound
healing applications, 337-366.

Boateng, J., & Catanzano, O. (2015). Advanced
therapeutic ~dressings for effective wound
healing—a review. Journal of pharmaceutical
sciences, 104(11), 3653-3680.

Borda, L. J., Macquhae, F. E., & Kirsner, R. S.
(2016). Wound dressings: a comprehensive
review. Current Dermatology Reports, 5, 287-
297.

Chakravorty, N., & Shukla, P. C. (2023).
Regenerative Medicine: Emerging Techniques to
Translation Approaches. Praphulla Chandra:
Amazon.co.uk: Books, 2, 121-125

Chen, J., Yang, J., Wang, L., Zhang, X., Heng, B. C.,
Wang, D.-A., & Ge, Z. (2021). Modified
hyaluronic acid hydrogels with chemical groups
that facilitate adhesion to host tissues enhance
cartilage regeneration. Bioactive Materials, 6(6),
1689-1698.

Deng, C., Zhang, P., Vulesevic, B., Kuraitis, D., Li,
F., Yang, A. F., Griffith, M., Ruel, M., &
Suuronen, E. J. (2010). A collagen—chitosan
hydrogel for endothelial differentiation and
angiogenesis. Tissue Engineering Part A, 16(10),
3099-3109.

Eivazzadeh-Keihan, R., Noruzi, E. B., Mehrban, S.
F., Aliabadi, H. A. M., Karimi, M., Mohammadi,
A., Maleki, A., Mahdavi, M., Larijani, B., &

Shalan, A. E. (2022). The latest advances in
biomedical applications of chitosan hydrogel as a
powerful natural structure with eye-catching
biological properties. Journal of Materials
Science, 1-37.

El Sadik, A. O., El Ghamrawy, T. A., & Abd El-
Galil, T. I. (2015). The effect of mesenchymal
stem cells and chitosan gel on full thickness skin
wound healing in albino rats: histological,
immunohistochemical and fluorescent study.
PloS one, 10(9), €0137544.

Farahani, M., & Shafiee, A. (2021). Wound healing:
From passive to smart dressings. Advanced
Healthcare Materials, 10(16), 2100477.

Frenkel, J. S. (2014). The role of hyaluronan in
wound healing. International wound journal,
11(2), 159-163.

Garg, T., Chanana, A., & Joshi, R. (2012).
Preparation of chitosan scaffolds for tissue
engineering using freeze drying technology. IOSR
J. Pharm, 2(1), 72-73.

Graga, M. F., Miguel, S. P., Cabral, C. S., & Correia,
I. J. (2020). Hyaluronic acid—Based wound
dressings: A review. Carbohydrate polymers,
241,116364.

Guo, Y., Wang, M., Liu, Q., Liu, G., Wang, S., & Li,
J. (2023). Recent advances in the medical
applications of hemostatic materials.
Theranostics, 13(1), 161.

Gupta, A., & Kumar, P. (2015). Assessment of the
histological state of the healing wound. Plastic
and Aesthetic Research, 2,239-242.

Ha, D. H., Kim, H.-k., Lee, J., Kwon, H. H., Park,
G.-H,, Yang, S. H., Jung, J. Y., Choi, H., Lee, J.
H., & Sung, S. (2020). Mesenchymal
stem/stromal  cell-derived  exosomes  for
immunomodulatory  therapeutics and  skin
regeneration. Cells, 9(5), 1157.

Harrell, C. R., Jankovic, M. G., Fellabaum, C.,
Volarevic, A., Djonov, V., Arsenijevic, A., &
Volarevic, V. (2019). Molecular mechanisms
responsible for  anti-inflammatory  and
immunosuppressive effects of mesenchymal stem
cell-derived factors. Tissue engineering and
regenerative medicine. Journal of
Dermatological Treatment, 33(1), 2-22.

Hussain, Z., Thu, H. E., Katas, H., & Bukhari, S. N.
A. (2017). Hyaluronic acid-based biomaterials: a
versatile and smart approach to tissue
regeneration and treating traumatic, surgical, and
chronic wounds. Polymer Reviews, 57(4), 594-
630.

Iranian Veterinary Journal




Evaluation of the regenerative effect of chitosan scaffold and . . .

Jiang, W., & Xu, J. (2020). Immune modulation by
mesenchymal stem cells. Cell proliferation,
53(1), el2712.

Johnson, V., Chow, L., Harrison, J., Soontararak, S.,
& Dow, S. (2022). Activated mesenchymal
stromal cell therapy for treatment of multi-drug
resistant bacterial infections in dogs. Frontiers in
Veterinary Science, 9, 925701.

Kawano, Y., Patrulea, V., Sublet, E., Borchard, G.,
Iyoda, T., Kageyama, R., Morita, A., Seino, S.,
Yoshida, H., & Jordan, O. (2021). Wound healing
promotion by hyaluronic acid: Effect of
molecular weight on gene expression and in vivo
wound closure. Pharmaceuticals, 14(4), 301.

Kirwan, H., & Pignataro, R. (2015). The skin and
wound healing. Pathology and Intervention in
Musculoskeletal Rehabilitation, 25(8), 125-129

Kolimi, P., Narala, S., Nyavanandi, D., Youssef, A.
A. A., & Dudhipala, N. (2022). Innovative
treatment strategies to accelerate wound healing:

trajectory and recent advancements. Cells,
11(15), 2439.

Krasnodembskaya, A., Song, Y., Fang, X., Gupta,
N., Serikov, V., Lee, J.-W., & Matthay, M. A.
(2010).  Antibacterial  effect of human
mesenchymal stem cells is mediated in part from
secretion of the antimicrobial peptide LL-37.
Stem cells, 28(12), 2229-2238.

Li, C., Cao, Z., Li, W., Liu, R., Chen, Y., Song, Y.,
Liu, G, Song, Z., Liu, Z., & Lu, C. (2020). A
review on the wide range applications of
hyaluronic acid as a promising rejuvenating
biomacromolecule in the treatments of bone
related diseases. International journal of
biological macromolecules, 165, 1264-1275.

Nour, S., Imani, R., Chaudhry, G. R., & Sharifi, A.
M. (2021). Skin wound healing assisted by
angiogenic targeted tissue engineering: A
comprehensive  review of  bioengineered

approaches. Journal of Biomedical Materials
Research Part A, 109(4), 453-478.

Okur, M. E., Karantas, 1. D., Senyigit, Z., Okur, N.
U., & Siafaka, P. I. (2020). Recent trends on
wound management: New therapeutic choices
based on polymeric carriers. Asian Journal of
Pharmaceutical Sciences, 15(6), 661-684.

Oliveira, A., Simoes, S., Ascenso, A., & Reis, C. P.
(2022). Therapeutic advances in wound healing.

Pountos, 1., Panteli, M., Georgouli, T., &
Giannoudis, P. V. (2014). Do mesenchymal stem
cells have a role to play in cutaneous wound
healing? Cell & Tissue Transplantation &
Therapy, 6, 11.

99 | Iranian Veterinary Journal

Prajapati, V. D., & Mabheriya, P. M. (2019).
Hyaluronic acid as potential carrier in biomedical
and drug delivery applications. In Functional
Polysaccharides for Biomedical Applications (pp.
213-265). Elsevier.

Raziyeva, K., Kim, Y., Zharkinbekov, Z.,
Kassymbek, K., Jimi, S., & Saparov, A. (2021).
Immunology of acute and chronic wound healing.
Biomolecules, 11(5), 700.

Ribeiro, J. C. V., Forte, T. C. M., Tavares, S. J. S.,
Andrade, F. K., Vieira, R. S., & Lima, V. (2021).
The effects of the molecular weight of chitosan on
the tissue inflammatory response. Journal of
Biomedical Materials Research Part A, 109(12),
2556-25609.

Sharifi S., Hoseini, S.A., Karimi, I., Bigham-
Sadegh, A., & Shirian, S. (2022). Therapeutic
Effects of Ozone Therapy on Experimental
Fracture Healing in the Rabbit Model. Iranian
Veterinary Journal, 18 (3) 31-40.

Scharnweber, D., & Saalbach, A. (2019).
Hyaluronan/collagen  hydrogels  containing
sulfated hyaluronan improve wound healing by
sustained release of heparin-binding EGF-like
growth factor. Acta biomaterialia, 86, 135-147.

Shafiq, M., Ali, O., Han, S.-B., & Kim, D.-H.
(2021). Mechanobiological strategies to enhance
stem cell functionality for regenerative medicine
and tissue engineering. Frontiers in Cell and
Developmental Biology, 9, 747398.

Shariatinia, Z. (2019). Pharmaceutical applications
of chitosan. Advances in colloid and interface
science, 263, 131-194.

Shojaei, F., Rahmati, S., & Banitalebi Dehkordi, M.
(2019). A review on different methods to increase
the efficiency of mesenchymal stem cell-based

wound therapy. Wound Repair and Regeneration,
27(6), 661-671.

Son, Y. J., John, W. T., Zhou, Y., Mao, W., Yim, E.
K., & Yoo, H. S. (2019). Biomaterials and
controlled release strategy for epithelial wound
healing. Biomaterials science, 7(11), 4444-4471.

Tabassum, N., Ahmed, S., & Ali, M. A. (2021).
Chitooligosaccharides and their structural-
functional effect on hydrogels: A review.
Carbohydrate polymers, 261, 117882.

Thones, S., Rother, S., Wippold, T., Blaszkiewicz,
J., Balamurugan, K., Moeller, S., ... & Anderegg,
U. (2019). Hyaluronan/collagen hydrogels
containing sulfated hyaluronan improve wound
healing by sustained release of heparin-binding
EGF-like growth factor. Acta biomaterialia, 86,
135-147.



Siavash Sharifi, Sayed Ahmad Emadi, et al.

Van Buul, G., Villafuertes, E., Bos, P., Waarsing, J.,
Kops, N., Narcisi, R., Weinans, H., Verhaar, J.,
Bernsen, M., & Van Osch, G. (2012).
Mesenchymal stem cells secrete factors that
inhibit inflammatory processes in short-term
osteoarthritic synovium and cartilage explant
culture. Osteoarthritis and Cartilage, 20(10),
1186-1196.

Yang, F., Bai, X, Dai, X., & Li, Y. (2021). The
biological processes during wound healing.
Regenerative medicine, 16(04), 373-390.

Yang, L., Zhang, L., Hu, J., Wang, W., & Liu, X.
(2021).  Promote  anti-inflammatory  and
angiogenesis using a hyaluronic acid-based

hydrogel with miRNA-laden nanoparticles for
chronic diabetic wound treatment. International
journal of biological macromolecules, 166, 166-
178.

Yazarlu, O., Iranshahi, M., Kashani, H. R. K.,
Reshadat, S., Habtemariam, S., Iranshahy, M., &
Hasanpour, M. (2021). Perspective on the
application of medicinal plants and natural
products in wound healing: A mechanistic review.
Pharmacological research, 174, 105841.

Received: 05.01.2024
Accepted: 19.08.2024

Iranian Veterinary Journal




’f'?‘ﬁé_"gl«ﬁ_[p&@ggj.’ lefdlia
DOI: 10.22055/ivj.2024.434069.2671

ol slad ples G 9 9 b S 9 6laa waal 9 o) 938 ol (5 5kl )
PR a3 3 el yo

\‘&JL;.A ‘sizs.} O3A| ;Q‘f‘)ﬂ.ﬁb édl_‘.a ‘Yu.ae‘)s G‘E‘ 4Y(5JLA.C daal R ":E\U.éa‘)ﬁb U:‘:'JL.'?'““
Padte ol aligs

Ol 3,5 4 03,5 4 J&Ksls S gl s 0 ALl gdhliil.nﬁ r,b 055 Hliils !
Sl gl (Ol o doged oS5 (K5 sl 0AKls (Kb sals |3 anai (513 (ol |
Ol o35 3,5 e ol ( (S soals 0dSCE30s o555 gm 5l 03,5 5Ll
Ol 51t 1 oKl (K als w215 ( AGL s oo 055 slout |

Ol 35 i 35 i ol&Eils (K jals 0uSKZils ¢ 9I8 350 &S J 58 5 Clligy anasd (5l S5 ‘_g_,’.r..i.il:a

VOO s et IACAZARVAT-RECH U gE

oS>

(MSCs) ol o salis sladsbo o5 5 b (CHAS) (15 58/ S g5 s0a sl s 5l (oo 5 31 (s 50 Baa s aallas ol
OLesa dC) USES L losu (o wia g 5ad posd 4 pd Gless Alide slas s S ad aladl olas laghge 5 a3 9530 B 2
@il 5l el 05 ad5 58 (358 sladss o8 KBSk LLI) sl D ad oSSV 5 YOA slads, e Gise
.AﬁAbMLﬁmCa\,;leg)‘du;ua\,mh‘uﬁwﬁdbngd@GLAJJLAQCHAS‘}‘)]‘S%JS&J]J:QG)J.E&LJCHAS a\,;
_}JJJJ{JL;&‘L) .J‘JS‘:)LA:-A:!(5_)‘..‘&!‘-4CJJ&:‘L’JLEAJ_)\’A(SL&QJ;)J‘LAJJL@%\S‘L@su_}JJJJQA;LQ‘}\%‘L&‘}cLHJW
oo erlitisdls (slapuns 0 a0 SSu8 858 39 5 S sS pantilye sulis sladsls b CHAS 65,8 5 a3 4als 5iSilis AY
a7 s 5l olallle S 15 allln 5550 Juingd (s3L3ls 5 e 1S Sl (306 S oLl 39S LT Ll 31 a3
0ol & Jla o cmdls sga g (ol ane @l Las s S Gas ca s San 9 4S ula OLaS 3aoe JuSad 5 IS el JiSas (30
oS s e Lt ol ol an it sualiie aalllas 3550 slad s o JUlinl s3Lu3l 5 ol L 31 Las s, o (s oliine gL
.JJ‘&J@;JC GJ;QWJW“}A(SJEAJGLAJJLQCHAS AJ;\’CHAS aj)iofg)b@ugj&:

p0 pred pariilye suliy slad sl canes) S5 sllea (15 S Hguals ailals

1) 3,5 4 38 b olKs ( (Kb 5al 012303 AL 3 pske 058 HLtils s p5 ol i it oimy 5
E-mail: drsharifisiavash94@gmail.com

[oNolel

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

VEOF Sl F o jlach caleass 0 89 (il il (oSh Jaals d yulis [ VY






