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Effect of Agarose Bioplastic Film Enriched with Pleurotus sajor-cajor Crude Extract on

Wound Healing in Chicken Embryo Fibroblast

Natnaree Kaewsiri', Sitthichon Rattanachan®¥, and Darsaniya Punyadarsaniya®

'Faculty of Veterinary Medicine, Mahanakorn University of Technology, Nongchok, Bangkok, 10530

Abstract: The present study aims to verify the chemical characteristic of B—gtucan in Pleurotus sajor-
caju crude extract and its effect as enriched agarose bioplastic film on wound healing of scratched
chicken embryo fibroblast (CEF) cells. Performed cell scratching assay on confluent monolayer CEF
then assigned to 3 different treatment conditions, including blank agarose bioplastic film (agarose
bioplastic film control), agarose bioplastic film enriched with 10-40 pg/ml of yeast B—glucan, and
agarose bioplastic film enriched with 10-40 pg/ ml of P. sajor-caju crude extract. This experiment
was triplicated to observe wound healing at 0, 24, and 48 hours. The result shows the peak effect
on wound healing in experimental groups, including yeast B—gtucan 10 Mg/ ml, yeast B—glucan 20
Mg/ ml, and crude extract 40 Mg/ ml. In addition, the morphology of CEF cells post-treated by
enriched agarose film appeared stellate-shaped with oval concentric nuclei. This finding might
suggest the benefits of agarose bioplastic film-enriched Pleurotus sajor- caju crude extract on

effective wound healing.
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Introduction

A wound defines as an injury caused by
damage to various kinds of biological tissue, such
as organ tissues, skin, and mucous membranes.
Furthermore, the consequences of a wound lead
to conformational changes in the normal
anatomic structure of injured organs and tissue
even their physiological functions (Robson et al.,

2001). This evident results from pathological
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processes beginning interally or externally to
the involved organ(s) (Robson et al, 2001).
Eventually, the orchestrated complex cascades
of body healing against damaged tissue generally
occur to inhibit further severity of the affected
wound  areas and

including  coagulation

hemostasis, inflammation, proliferation, and

wound remodeling, these phases are crucial for

wound healing. (Velnar et al., 2009). However,
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the physiological wound healing cascades
remain a challenging clinical problem without
appropriate  management, therefore, efficient
wound management is indispensable (Velnar et
al., 2009) due to a variety of wound types and
each category has its distinctive healing
requirements (Mir et al., 2018).

Wound dressing is an important step of
clinical management during the healing process
of wounds (Uzun, 2018). This realization has
motivated the development of a myriad of
wound dressings, each with specific
characteristics (Mir et al.,, 2018). Not any wound
dressing is ideal for various types of injuries,
nevertheless, rapid healing, the affordable cost
to the patient, aesthetics, and prevention of
infection, respectively, are the minimum
characteristics required for wound management
(Mir et al,, 2018). The commonly used wound
dressing keeps the wound sealed, prevents
infection, and is safe from loss of wound
hydration and further tissue damage from
exposure to the environment. In addition, the
proper wound dressing should be ventilated,
maintaining moisture and appropriate wound
temperature that promotes tissue regeneration,
also should be easy to apply and remove,
causes no trauma on removal, leaves no debris
in the wound bed, and induces no allergic
reactions. (Mir et al., 2018; Nuutila and Eriksson,
2020; Pai and Madan, 2013).

Currently, wound dressing design is rapidly
growing in the field of the medical wound-care

market worldwide (Gardikiotis et al, 2022).

Researchers are motivated to achieve the ideal
wound dressing for the high demand for the
global wound care market, which is predicted to
increase from 18.35 billion US dollars in the year
2017 to 22.01 billion US dollars by the year 2022
(Ovais et al., 2018). Thus, the present and future
trends of studies attempt to create modern
wound dressing by focusing on

healing

enhancement, pain control, antibacterial
activity, and drug delivery system (Gardikiotis et
al., 2022; Delavari and Stiharu, 2022). Modern
methods focus on the use of synthetic polymers
and biopolymers, in the form of hydrogels, thin
films, and nanofibrous scaffolds. Many studies
have documented the use of polymers in
dressings or as medical devices provides a
potential improvement in controlling wound
healing (Mir et al., 2018). These findings indicate
that modern wound dressing can prevent
infections induced by microbes, stimulate the
growth rate, and be non-toxic, non-antigenic,
biocompatible, and biodegradable (Gardikiotis et
al., 2022; Delavari and Stiharu, 2022).

One distinctive notable of wound dressing
made by the

bioplastic  polymer s

biodegradable accordingly to the current

environmental awareness and social concerns
for the global ecological problems that have
pressured various industries to develop and use
environmentally friendly materials in their
manufacture, including wound dressing (Delavari
and Stiharu, 2022; Arikan and Ozsoy, 2015; Bano
2018). Therefore,

et al, wound  dressing

requirements  also increase  continuously
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worldwide. However, the increase in medical
production results in a high amount of pollution
and waste (Napavichayanun et al, 2021).
Consequently, bioplastic is a suitable material
for wound management that has attracted
attention recently (Delavari and Stiharu, 2022;
Arikan and Ozsoy, 2015; Bano et al, 2018).
Bioplastics are plastics made of biomass or
renewable resources and produced by various
microorganisms  (Arikan and Ozsoy, 2015;
Saharan et al., 2012). Bioplastics are Eco-friendly
materials that can be completely degradable
and can be recycled (Bano et al,, 2018). These
substances have been increasingly highlighted as
means for saving fossil fuels, reducing CO,
emission, and plastic wastes (Saharan et al,
2012). Bioplastics contain no toxins and are a
biocompatible benefit in biomedical
applications (Arikan and Ozsoy, 2015; Bano et al.,
2018). However, due to the variety of bioplastics
and plasticizers, using this material still requires
more work to meet the application demand and
fit the ideal wound dressing concept.

During the last few decades, various forms
have been

of the agarose-based systems

developed and applied in pharmaceutical
industries and medical researches (Bao et al.,
2010). Agarose is a linear polysaccharide
extracted from marine red algae, and consists of
0l-1,3 linked D-galactose and Q-1,4 linked 3,6-
anhydro-0lL-galactose residues (Normand et al.,
2000).

biodegradable

Agarose is an abundant and

polymer with a strength

comparable or higher than other commonly
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used natural polymers (Awadhiya et al., 2016).
Moreover, agarose also has it benefits for wound
dressing material including biocompatibility,

moisturizing capacity, water-soluble,

transparent, neutral charge, and thermal
tolerance (Napavichayanun et al,, 2021; Bao et
al, 2010). Overall benefits described above
indicate that agarose is an excellent property as
a material for wound dressing invention in the
form of gel or film.

Besides of the applicable of agarose as a
wound dressing material, furthermore, adding of
certain kinds wound-healing accelerating agents
into the wound dressing could enhance the
effectiveness of wound healing and also would
make the wound dressing more commercially
valuable (Napavichayanun et al, 2021). The
development of alternative wound healing
products has been a popular topic in recent
years, not only chemical or synthetics wound
healing agents are investigated, various herbal
sources, in particular, now also increasing
attention (Deng et al., 2022). To obtain wound
healing biological ingredients, conventional
extraction methods, such as solvent extraction,
maceration, cold pressing, and hydro-distillation,
are commonly used to isolate several chemical
compounds from natural matrices (Dias et al.,
2021). Nevertheless, there is still a lack of
standardization methods for the evaluation of
the composition of natural products, which
makes it difficult to estimate the efficacy of
these compounds in wound management (Deng

et al,, 2022).
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Pleurotus  sajor-caju is an edible
mushroom with high nutritional value and
therapeutic properties. P. sgjor-caju has been
used widely in traditional medicine because of
its various bioactive potential. B—glucan is one of
the highlishted components for pharmacolosgic
properties that is found in the mushroom cell
wall. B-glucan varies in terms of structure and
biological efficiency. A high level of biological
efficiency has been found in B—glucans,
especially B—1,3—D—gtucans and B—l,é—D—gLucans.
One of the significant deal interests in the
medical properties of B—gtucan is the stimulation
of wound healing activity. Studies have
confirmed  that B—glucan involves in  the
proliferation and migration of fibroblasts.
(Finimundy et al., 2018; Dalonso et al., 2010;
Konusova et al, 2020; Son et al, 2005)
Therefore, this present work aims to study the
effect of agarose bioplastic film enriched with P.
sgjor-caju crude extract on wound healing of
chicken embryo fibroblast. To achieve the goal
of creating a degradable wound dressing with a

wound healing stimulation effect.

Materials and methods

Material preparation
Raw materials

For the experiment, oyster mushrooms
(Pleurotus sajor-caju) were purchased from a
local market in Thailand and yeast B—glucan, a
positive control of the experiment, was acquired
from Xi'an Hench Biotechnology Co., Ltd., China.

A specific pathogen-free egg, which was later

used for the preparation of chicken embryo
fibroblast cells, obtained from CPF Co., Ltd.. For
the preparation of a bioplastic film, agarose

(Vivantis technologies Snd. Bhd., Malaysia) and

glycerol  (Univar, Thermo Fisher Scientific,
Australia) were used as bioplastic and plasticizer,
respectively.

Pleurotus sajor-caju crude extract

preparation

The 2 kg of fresh mushrooms (Pleurotus
sajor-caju (Fr.) Singer) were washed through the
running tap water and then immersed in 10%
Sodium bicarbonate w/v for 20 minutes (Andrade
et al, 2015) for detoxication. Thereafter, the
mushroom was rinsed and placed in an
aluminum strainer, then air-dried in a hot air oven
at 60 °C for 72 hours. The dried mushroom was
ground into powder using a blender and stored in
a desiccator for later use. The crude extract was
then isolated from ground mushrooms by using a
hot water extraction technique, briefly, the
ground mushroom was suspended in distilled
water in a ratio of 1:20 w/v and boiled at 70 °C
for 4 hours. After that, the boiled sample was
cooled down to room temperature and
subsequently filtered through a Nylon liquid filter
bag pore size 60 micrometer (DE PERFECT
Co.,Ltd., Thailand) and stored at 4°C overnight.
The chilled crude extract was sent to Salaya
Central Instrument Facility, Mahidol University, for
lyophilization in a lyophilizer (FreeZone® Plus™
6, Labconco, USA). Finally, the lyophilized crude

extract was stored in a desiccator (Ahmed et al,,

2017; Jantaramanant, 2014).
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Characterization of B—glucan

The chemical characteristics of the
lyophilized P. sajor-caju crude extract and a
control sample, yeast B—glucan, were sent to
Mahidol

Salaya Central Instrument Facility,

University, to be determined by Fourier
transform infra-red spectroscopy (FT-IR) analysis
(Nicolet iS50, Thermo Fisher Scientific, USA) at
the absorbance between 4000 and 400 cm
(Jantaramanant, 2014).
Chicken embryo fibroblast (CEF) cells
preparation

To prepare chicken embryo fibroblast,
firstly, on the outer bottom of the 6-well plate
was marking to create reference points by lightly
scratching with a razor blade (Liang et al., 2007).
The, chicken embryo fibroblast cells from the
specific pathogen-free eggs at the age of 9-11
days were prepared following the protocol of
Kunanusont  (2019), then, adjusted cell
concentration to 1.5x10° cells/ml, and added
into the well. Cells were incubated and allowed
to grow at 37 °C with 5% CO, in the cell
incubator for 24 hours (Kunanusont, 2019) or
until cells become the confluent monolayer.
Agarose bioplastic film enriched with P. sajor-
caju crude extract

To prepare enriched agarose bioplastic
film, there were two main components including
a bioplastic mixture and experimental agents.
For the bioplastic mixture, 2 ¢ of agarose powder
and 1 ml of glycerol were added into the
Erlenmeyer flask, then filled up with sterile PBS

(pH 7.4) to a final volume of 50 ml., Next, the
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mixture was boiled in a microwave oven at 800
W for 4 min. During boiling, the mixture was
stirred intermittently until the mixture becomes
a homogenized viscous solution during the
boiling process. After that, the bioplastic mixture
was allowed to cool at approximately 60°C, then
2X growth medium was combined with the
bioplastic mixture in a ratio of 1:1 and was then
cooled down to 40°C. For the experimental
agents, either yeast B—glucan (positive control)
or P. sajor-caju crude extract was added with
deionized water to the final concentration from
10-40 Meg/ml and filtered through a syringe filter
(Puradisc™ Whatman™, UK) for
decontamination. Finally, each agent, yeast B—
glucan or P. sagjor-caju crude extract was mixed
with the bioplastic mixture to obtain melt-
enriched bioplastic film. Once the growth
medium was removed from scratched cells, a
melt-enriched bioplastic film was cast over the
scratched cells in a 6-well plate. Al
experimental conditions were summarized in a
table shown below (table 1).
Method
Evaluation of enriched agarose bioplastic film
on scratch cells

To observe the effect of bioplastic film
enriched with P. sgjor-caju crude extract on
wound healing in vitro, thus, the cell scratching
assay was performed as described by Liang et al.
(2007). Briefly, the CEF cells were scratched using
a 200 U sterile pipet tip to create a straight line

on monolayer cells and removed cell debris.

Then to smooth the edge of the scratch, the old
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Table 1 The composition of bioplastic mixture

Experimental group

Enriched agarose bioplastic film

Agarose bioplastic film control
Yeast B—glucan 10 Mg/ml
Yeast B—glucan 20 Hg/ml
Yeast B—glucan 30 Hg/ml
Yeast B—glucan 40 pg/ml
crude extract 10 Jlg/ml

crude extract 20 Jlg/ml

crude extract 30 Jg/ml

crude extract 40 Hg/ml

Blank bioplastic mixture

Bioplastic mixture enriched Yeast B—glucan 10 Mg/ml

Bioplastic mixture enriched Yeast B—gtucan 20 Hg/ml

Bioplastic mixture enriched Yeast B—gtucan 30 Hg/ml

Bioplastic mixture enriched Yeast B—gtucan 40 Kg/ml

Bioplastic mixture enriched P. sagjor-caju crude extract 10 lg/ml
Bioplastic mixture enriched P. sagjor-caju crude extract 20 le/ml
Bioplastic mixture enriched P. sgjor-caju crude extract 30 JLg/ml

Bioplastic mixture enriched P. sgjor-caju crude extract 40 JLg/ml

growth medium was removed and washed with
1 ml sterile PBS (pH 7.4); after that replaced with
3 ml of a fresh growth medium and later
incubated at 37 °C with 5% CO, waiting for the
bioplastic mixture adding. Finally, replace the
growth medium, then pour the prepared
bioplastic mixture on top of the scratched cells.
The bioplastic film was allowed to completely
solidify before incubating at 37 °C with 5% CO,.
The wound healing process of CEF cell
treatment with enriched agarose bioplastic film
was observed under an inverted light
microscope at 0, 24, and 48 hours.

The scratched cells area treated by each
enriched bioplastic film was observed at 0, 24,
and 48 hours by an inverted light microscope
(Olympus™, Japan) during the experiment and
photographed using a mouse control HDMI
camera (ToupCam™ XCAMO720PHB  HDMI,
China). The reduction of a scratched area at each
time point by tracing the cell-free area of the

scratch was measured using the Image-J software

(National Institute of Mental Health, USA) then
report as wound area.

To improve the visualization of the scratch
area and observe the morphology of fibroblasts
clearly on the culture plate. Enriched bioplastic
film was removed, then 1% crystal violet in 10%
formalin solution was used to fix and stain the
cell, incubated at room temperature for 10
minutes, rinsed a few times gently with distilled
water, and observed the scratch under an
inverted ligsht microscope and photographed by
using a mouse control HDMI camera.
(Punyadarsaniya et al.,, 2011; Nilles et al., 2022).
Data collection and statistical analysis

Performed the statistical analysis of the
changing wound area spot in time 0, 24, and 48
hours by One-way ANOVA followed by multiple
comparison tests using IBM SPSS Statistics 26 to
detect the significant difference. Presented the
data as mean and considered the significant

value of p<0.05. Then calculated 9%wound
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healing following the formulation of Treloar and  would show the characteristic peak of B-glucan

Simpson (2013).

Result and discussion

The characteristics of B-glucan from P. sajor-
caju crude extract

The chemical structural analysis of
polysaccharides like glucan in crude extraction
from P. sajor-caju crude extract was determined by
FT-IR spectroscopy. FTIR is a suitable scientific
instrument due to the sensitivity of the position
and anomeric configuration of glycosidic linkages in
glucans. As for the FT-IR spectra, the important
characterization region of polysaccharides is the
sugar region around 1,200-950 cm™' and the
anomeric region around 950-750 cm ™t Also, the
stretching vibrations of the C-O-C g¢lycosidic
bridge appear in two spectral ranges include 1160-
1130 and 999-965 cm™. Furthermore, the FT-IR

spectroscopy applied to polysaccharide analysis
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represent B-(1—>3) glucan, 1026-1028 cm’
represent B-(1—4) glucan and 993-994 cm’
represent B-(1—6) glucan (Sermwittayawon et
al,, 2018; Synytsya and Novak, 2021; Nikonenko et
al,, 2000; Satitmanwiwat et al, 2012). As for the
result, figure 1A shows FT-IR spectrum of yeast [3
glucan as B-(1—3) glucan at 1149.50, 1075.72,
1015.72, and 996.31 cm™, whereas figure 1B
shows FT-IR spectrum of P. sgjor-caju crude
extract as B-(1—>3) glucan at 1145.93, 1075.32,
1030.66 and 987.99 cmt. Overall, the data of FTIR
spectra are shown in figure 1.

The result of FTIR analysis indicates that
the composition of both experiment agents,
including yeast B—gtucan and P. sgjor-caju crude
extract contain B-(1—3) glucan as an active

ingredient. Several studies described the benefit
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Figure 1: FT-IR spectrum of yeast B—glucan (A) and P.sagjor-caju crude extract (B)

Asterisk (*) in figure 1A shows FT-IR spectrum of yeast B—gtucan as B-(1—>3) glucan at 1149.50,

1075.72, 1015.72, and 996.31 cm™, whereas Asterisk (¥) in figure 1B shows FT-IR spectrum of P. sajor-

caju crude extract as B-(1—>3) glucan at 1145.93, 1075.32, 1030.66 and 987.99 cm™.
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Figure 2 Scratch images of the experimental group (4X) and scale bar = 100 Hm;

A: Agarose bioplastic film control 2; B: Yeast B—glucan 10 lg/ml; C: Yeast B-glucan 20 Mg/ml;

D: Yeast B-glucan 30 Mg/ml; E: Yeast B-glucan 40 g/ml; F: Crude extract 10 g/ml; G:

Crude extract 20 Jlg/ml; H: Crude extract 30 Jlg/ml; I: Crude extract 40 Hlg/ml

of B—glucan involved in wound healing, such as
the ability to modulate the wound healing
process, reduce scar formation, induces the
production of growth factors, stimulate fibroblast
proliferation and migration, and promotes
collagen biosynthesis. Indeed, support the idea of

using the chosen experimental reagent as a
bioactive substant in developing B—glucan—loaded
wound dressing. (Seo et al.,, 2019; Grip et al,, 2021,
Choi et al,, 2016; Son et al., 2007).
Effect of agarose bioplastic film enriched with
P. sajor-caju crude extract on wound healing
The stimulatory effects of agarose
bioplastic film enriched with P. sgjor-caju crude
extract on the wound healing process using cell
scratching assay of CEF cells were determined in
this study as a model in vitro at 0, 24, and 48

hours to observe the wound healing process that

66

happens on the cells surrounding the scratch
area into the cell-free area under the inverted
light microscope. Then the cell-free area that
reduced in time was used to calculate the
wound area (figure 2).

The result of figure 2(A-l) focuses on the
agarose bioplastic film used with or without
adding an experimental reagent. The visualizing
of wound healing showed the wound closure
pattern of CEF cells appeared as the surrounding
cell was still in contact and moved coordinately
into the cell-free area. Eventually, the cell
moving into the cell-free area created a new
monolayer fibroblast tissue. This result was
related to Seo et al. (2019), which investigated
the molecular mechanism of 4 types purify B

glucan from different natural sources, including

mushroom and yeast B—glucan and found that
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the effect of B—glucan on wound healing by
driven through the Integrin/FAK/Src pathway and
its impact on cell migration by forming
lamellipodia starting from the concentration of
20 Me/ml. During the lamellipodial protrusion,
causing the change in cell morphology of
fibroblast, this reason indicates the finding of
stellate-shaped cells with oval concentric nuclei.
These cells essential in maintaining wound
healing and enhancing wound closure (Ravikanth
et al,, 2011). However, only visualization could
not quantify the effects of the enriched agarose
bioplastic film on wound healing in different

treatments, P. sajor-caju crude extract and yeast

B—glucan. Therefore, the wound healing process

was accessed by calculating the cell-free area
and representing data as log Mean Wm?
summarized in table 2. Then the wound area
was used to calculate the % wound healing
(table 3) described above in data collection and
statistical analysis.

From the result of table 2, among the
experimental groups, the wound area decreases

significantly differed in the group using
enriched agarose bioplastic film as follows; yeast
B—gtucan 10 Mg/ml, yeast B—glucan 20 Meg/ml,
and crude extract 40 g/ml; these experimental
groups had wound areas (log Mean) as 0.62, 0.00,
and 1.15 |J.m2 respectively, at 24 hours and also

had % wound healing as 90.07, 100, and 81.53

Table 2 Wound area spot in time at 0, 24 and 48 hours

Time Wound area (log Mean Jim?

thours)  AC YB10 YB20 YB30 YB40 CE10 CE20 CE30 CE40
0 6.20° 6.25° 6.26° 6.26° 6.21° 6.28° 6.28° 6.23° 6.22°
24 366" 0.62° 0.00° 119" 202" 4.54" 195 312" 1.15°
a8 0.00 0.00 0.00' 0.00' 0.00 217" 062 112 0.00

One-way ANOVA: different letters indicate significant differences (p<0.05) (Turkey’s HSD)

AC = agarose bioplastic film control; YB10 = Yeast B—glucan 10 Mg/ml; YB20 = Yeast B—glucan 20 Hg/ml;

YB30 = Yeast B—glucan 30 Mlg/ml; YB4O = Yeast B—glucan 40 Mg/ml; CE10 = Crude extract 10 Hg/ml; CE20

= Crude extract 20 Kg/ml; CE30 = Crude extract 30 g/ml; CE40 = Crude extract 40 lg/ml

Table 3 % wound healing spot in time at 24 and 48 hours

Time % Wound healing
(hours) AC YB10 YB20 YB30 YB40 CE10 CE20 CE30 CE40
24 40.92 90.07 100.00 80.92 6737 2777 68.99 4994 8153
48 100.00 100.00 100.00 100.00 100.00 56.87 90.16 82.03 100.00

AC = agarose bioplastic film control; YB10 = Yeast B—glucan 10 Mg/ml; YB20 = Yeast B—glucan 20 hg/ml;

YB30 = Yeast B—glucan 30 Kg/ml; YB4O = Yeast B—glucan 40 Mg/ml; CE10 = Crude extract 10 Kg/ml;

CE20 = Crude extract 20 g/ml; CE30 = Crude extract 30 lg/ml; CE40 = Crude extract 40 Hlg/ml
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Figure 3 Crystal violet staining to improve the visual

respectively, at 24 hours (table 3). These imply
that P. sajor-caju crude extract and yeast B
glucan  affect fibroblast  migration and
proliferation (Son et. al., 2005), leading to an
advantage of wound healing; however, the
physicals and chemicals used for preparing P.
sajor-caju crude extract were not observed for
any alterations such as cytotoxicity due to
chemical residues (Pijuan et al., 2019). To
elucidate cell viability of CEF during the
experiment, the crystal violet staining was used
on CEF post- treatment by different enriched
agarose bioplastic films to improve the scratch
area's visualization and cell morphology and
confirm the cell viability of the new monolayer
tissue that forms during wound healing (figure 3).

From figure 3 indicates the direct contract

68

Yeast B-glucan 10 Plg/ml

Yeast B-glucan 40 Plg/ml

Yeast B-glucan 20 pg/ml

% T T

g —_—
ey 3 100 micrometer

Crude extract 10 pg/ml

100 aicrometer

R
100 micrometer

Crude extract 40 Jg/ml

=
5100 micrometer

of the scratch image (4X) and scale bar = 100 km

between agarose bioplastic film and CEF cells
did not cause an abnormality in cell morphology
or stop wound healing. As a result, this implies
that agarose bioplastic film is biocompatibility.
The staining can improve the visualization of the
scratch image, showing the difference between
old and new tissue, and also improve the
visualization of active fibroblast morphology

(Ozcelikkale et al.,, 2017; Zafar et al,, 2019).

Conclusion
This experiment implies the benefit of
agarose bioplastic film enriched P. sagjor- caju
crude extract fits the ideal wound dressing
concept, including inducing rapid healing,
releasing bioactive ingredients when connecting

with the wound surface, be biocompatible,
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minimizing trauma or maceration to wound

edges, provide a barrier to external
contaminants, and easily remove at the end of
treatment and be biodegradable. The agarose
bioplastic film enriched P. sgjor- caju crude
extract is effective for wound healing of CEF cells
at 40 [lg/ml concentration, which promotes cell
migration and proliferation and induces the

morphology change to active fibroblast.

Acknowledgement

The research team sincerely thanks the
Mahanakorn  University of Technology for
generously supporting the research fund and
laboratory facility. Thanks to the Virology
laboratory and Animal Diagnostic Laboratory
center of the faculty of Veterinary Medicine, the
Mahanakorn University of Technology, for the
liberal offer on the location to run the
experiment down to the last detail. Also, thanks
to Salaya Central Instrument Facility, Mahidol
University, for facilitating the scientific analysis

with professional and excellent service mild.

References
Ahmed, M., Abdullah, N., Shuib, A.S., and Razak,
S.A. 2017. Influence of raw polysaccharide
extract from mushroom stalk waste on
growth and pH perturbation induced-
stress in Nile tilapia, Oreochromis niloticus.

Aquaculture. 468: 60-70.
Arikan, E.B. and Ozsoy, H.D. 2015. A Review:
Investigation of Bioplastics. Journal of Civil

Engineering and Architecture. 9: 188-192.

Awadhiya, A., Kumar, D., Rathore, K., Fatma, B.

and Verma, V. 2016. Synthesis and

characterization  of  agarose-bacterial
biodegradable

Polymer Bulletin. 74(7): 1-17.

cellulose composites.

Bano, K., Pandey, R., Fatima, J. and Roohi. New
advancements of bioplastics in medical
applications.  International Journal of
Pharmaceutical Sciences and Research.
9(2): 402-416.

Bao, X., Hayashi, K., Li, Y., Teramoto, A. and Abe,
K. 2010. Novel agarose and agar fibers:
Fabrication and characterization. Materials
Letters. 64: 2435-2437.

Choi, J., Kim, J., Jung, G., Moon, S., Cho, H., Sung,
S Jung, J., Kwon, Y., Ku, S., and Sohn, J.
2016. Effect of a B—Glucan from
Aureobasidium on TGF—ﬁl—ModuLated In
Vitro Dermal Wound Repair. Toxicology
and Environmental Health Sciences. 8(1):
12-18.

Dalonso, N., Souza, R., Silveira, M.L.L., Ruzza, AA,,
Wagner, T.M., Wisbeck, E. and Furlan, S.A.
2010. Characterization and Antineoplasic
Effect of Extracts Obtained from Pleurotus
sajor-caju Bodies.

Fruiting Applied

Biochemistry and Biotechnology. 160:
2265-2274.

Delavari, M.M. and Stiharu, I. 2022. Preparation
and Characterization of Eco-Friendly

Transparent Antibacterial Starch/Polyvinyl

Alcohol Materials for Use as Wound-

Dressing. Micromachines. 13(6): 960.

69



Kaewsiri, N. et al. / J. Mahanakorn Vet. Med. 2023. 18(1): 57-72.

Deng, X., Gould, M. and Ali, M.A. 2022. A review
of current advancements for wound

healing: Biomaterial applications and
medical devices. Advances in Wound Care.
Journal of Biomedical Materials Research.
110: 2542-2573.

Dias, AL.B., a, de Aguiar, A.C., Rostagno, M.A.
2021. Extraction of natural products using
supercritical fluids and pressurized liquids
assisted by ultrasound: Current status and
trends. Ultrasonics Sonochemistry. 74:
105584.

Finimundy, T.C., Barrosa, L., Calhelha, R.C., Alves,
M.J., Prieto, M.A., Abreua, RM.V., Dillon,
AJ.P., Henriquesb,

JAP., Roesch-Elyb, M., Isabel and Ferreiraa,
I.C.F.R. 2018. Multifunctions of Pleurotus
sajor-caju (Fr.) Singer: A highly nutritious
food and a source for bioactive
compounds. Food Chemistry. 245: 150-
158.

Gardikiotis, I., Cojocaru, F.D., Mihai, C.T., Balan, V.
and Dodi, G. 2022. Borrowing the Features
of Biopolymers for Emerging Wound

Healing Dressings: A Review. International

Journal of Molecular Sciences. 23(15):
8778.

Grip, J., Steene, E., Engstad, R.E.,, Hart, J., Bell, A,
Skjeeveland, I., Basnet, P., Skalko-Basnet,
N.S.,, and Holsaeter, AM.  2021.

Development of a novel beta-glucan

supplemented hydrogel spray formulation

and wound healing efficacy in a db/db

diabetic mouse model. European Journal

70

of Pharmaceutics and Biopharmaceutics.
169: 280-219.

Jantaramanant, P. The effect of B—glucan—
containing polysaccharide extract from
the grey oyster mushroom [P. sajor-caju
(Fr.) Sing] on RAW264.7 macrophages and
L6 muscle cells (Master’s Thesis, Prince of
Songkla University, 2014). p. 24.

and  virucidal

Kunanusont, N. Bactericidal

efficacies of a potassium

peroxymonosulfate  and  inactivating

application on various surface carriers and

avian influenza virus contaminated on
clothes (Master’s Thesis, Mahanakorn
University of Technology, 2019). p.24-25.

Liang, C., Park, AY. and Guan, J. 2007. In vitro
scratch  assay: a convenient and
inexpensive method for analysis of cell
migration in vitro. Nature protocols. 2(2):
329-333.

Mir, M., Ali, M.N., Barakullah, A., Gulzar, A,
Arshad, M., Fatima, S. and Asad, M. 2018.
Synthetic  polymeric  biomaterials  for
wound healing: a review. Progress in
Biomaterials. 7:1-21.

Napavichayanun, S., Pienpinijtham, P., Reddy, N.
and Aramwit, P. 2021. Superior Technique
for the Production of Agarose Dressing
Containing Sericin and Its Wound Healing
Property. Polymers. 13: 3370.

Nikonenko, N.A., Buslov, D.K., Sushko, N.I., and
Zhbankov, R.G. 2000. Investigation of

stretching vibrations of glycosidic linkages

in disaccharides and polysaccarides with



Kaewsiri, N. et al. / J. Mahanakorn Vet. Med. 2023. 18(1): 57-72.

use of IR deconvolution.

Biopolymers. 57(4): 257-262.

spectra

Nilles, J., Weiss, J. and Theile, D. 2022. Crystal
violet staining is a reliable alternative to
bicinchoninic acid assay-based
normalization. BioTechniques. 73: 131-135.

Normand, V., Lootens, D.L., Amici, E., Plucknett,
K.P. and Aymard, P. 2000. New Insight into
Agarose  Gel Mechanical Properties.
Biomacromolecules. 1: 730-738.

Nuutila, K. and Eriksson, E. 2020. Moist Wound
Healing  with  Commonly  Available
Dressings. Advances in Wound Care. 10(2):
685-698.

Ovais, M., Ahmad, I., Khalil, A.T., Mukherjee, S,
Javed, R., Ayaz, M., Raza, A., and Shinwari,
Z.K. 2018. Wound healing applications of
biogenic  colloidal silver and gold

nanoparticles: recent trends and future

prospects. and

Biotechnology. 102(10): 4305-4318.

Ozcelikkale, A., Dutton, J.C,, Grinnell, F., and Han,

Applied  Microbiology

B. 2017. Effects of dynamic matrix
remodelling on en masse migration of
fibroblasts on collagen matrices. Journal
of The Royal Society Interface. 14(135):
20170287.

Pai, D.R. and Madan, S.S. 2013. Techniques in
Chronic Wound Management: Review of
the Literature and Recent Concepts. Novel
Physiotherapies. 3: 2.

Pijuan, J., Barcelo, C., Moreno, D.F., Maiques, O.,

Siso, P., Marti, R.M., Macia, A., and Panosa,

A. 2019. In vitro Cell Migration, Invasion,

and Adhesion Assays: From Cell Imaging to

Data Analysis. Frontiers in Cell and
Developmental Biology. 7: 107.
Punyadarsaniya, D., Liang, C., Winter, C,

Petersen, H., Rautenschlein, S., Hennig-
Pauka, ., Schwegmann-Wessels, C., Wu, C,,
Wong, C., and Herrler, G. 2011. Infection of
differentiated porcine airway epithelial
cells by influenza virus: differential
susceptibility to infection by porcine and
avian viruses. PLOS ONE.
6(12): e28429.
Ravikanth, M., Soujanya, P., Manjunath, K,
Saraswathi, T.R., and Ramachandran, C.R.
fibroblasts.

2011. Heterogenecity of

Journal  of Oral and Maxillofacial
Pathology. 15(2): 247-250.

Robson, M.C., Steed, D.L. and Franz, M.G. 2001.
Wound Healing: Biologic Features and
Approaches to  Maximize  Healing
Trajectories. Current Problems in Surgery.
38(2): 72-141.

Saharan, B.S., Ankita and Sharma, D. 2012.
Bioplastics-For Sustainable Development: A
Review. International Journal of Microbial
Resource Technology. 1(1): 11-23.

Satitmanwiwat, S., Ratanakhanokchai, K,

Laohakunjit, N., Chao, LK., Chen, ST,

Pason, P., Kyu, K.L. 2012. Improved purity

and immunostimulatory activity of |3

(1—3)(1—6)-Glucan  from  Pleurotus

sgjor-caju  using cell wall-degrading
enzymes. Journal of Agricultural and Food

Chemistry. 60(21): 5423-5430.

71



Kaewsiri, N. et al. / J. Mahanakorn Vet. Med. 2023. 18(1): 57-72.

Seo, G., Hyun, C,, Choi, S., Kim, Y., and Cho, M.
2019. The wound healing effect of four
types of beta-glucan. Applied Biological
Chemistry. 62: 20.

Son, H., Bae, H., Kim, H., Lee, D., Han, D. and Park,
J. 2005. Effects of b-glucan on proliferation
and migration of fibroblast.
Applied Physics. 5: 468-471.

Son, H., Han, D., Bae, H,, Lim, H., Lee, M., Woo,

Current

Y., and Park, J. 2007. Stimulated TNF-a
release in macrophage and enhanced
migration of dermal fibroblast by B
glucan. Current Applied Physics. 7S1: e33-
e36.

Synytsya, A. and Novak, M. 2021. Structural
analysis of glucans. Annals of Translational

Medicine. 2(2): 17.

172

Treloar. KK. and Simpson, M.J. 2013. Sensitivity
of Edge Detection Methods for Quantifying
Cell Migration Assays. PLOS ONE. 8(6):
e67389.

Uzun, M. 2018. A review of wound management
materials. Journal of Textile Engineering
and Fashion Technology. 4(1):53-59.

Velnar, T., Bailey, T., and Smrkolj, V. 2009. The
wound healing process: an overview of
the cellular and molecular mechanisms.
The Journal of International Medical
Research. 37(5): 1528-1542.

Zafar, M. S., Ullah, R., Qamar, Z., Fareed, M. A,,
Amin, F., Khurshid, Z., and Sefat, F. 2019.
Properties of dental biomaterials. In:

Advanced Dental Biomaterials. Woodhead

Publishing, UK. p. 7-35.

-----



