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ABSTRACT: In recent years, medicinal plant extracts have received
remarkable attention due to their wound-healing properties. In this
study, polycaprolactone (PCL) electrospun nanofiber membranes
incorporated with different concentrations of pomegranate peel extract
(PPE) were prepared. The results of the SEM and FTIR experiments
demonstrated that the morphology of nanofiber is smooth, fine, and
bead-free, and the PPE was well introduced into the nanofiber
membranes. Moreover, the outcomes of the mechanical property tests
demonstrated that the nanofiber membrane made of PCL and loaded
with PPE exhibited remarkable mechanical characteristics, indicating
that it could fulfill the essential mechanical requisites for wound
dressings. The findings of the in vitro drug release investigations
indicated that PPE was instantly released within 20 h and subsequently
released gradually over an extended period by the composite nanofiber
membranes. Meanwhile, the DPPH radical scavenging test confirmed that the nanofiber membranes loaded with PPE exhibited
significant antioxidant properties. Antimicrobial experiments showed higher PPE loading, and the nanofiber membranes showed
higher antimicrobial activity against Staphylococcus aureus, Escherichia coli, and Candida albicans. The results of the cellular
experiments showed that the composite nanofiber membranes were nontoxic and promoted the proliferation of L929 cells. In
summary, electrospun nanofiber membranes loaded with PPE can be used as a wound dressing.

1. INTRODUCTION
Skin, the largest organ of the human body, regulates
metabolism and maintains homeostasis.1 Furthermore, skin is
crucial in protecting the body against microorganism invasion
and harmful environmental factors.2 In the case of any
impairment in the morphology or function of the skin, it is
imperative to promptly apply a dressing that serves as a barrier
to the affected wound area.3 However, traditional wound
dressing, including gauze, bandages, and others, cannot meet
the diverse needs of patients nowadays.4 Therefore, it is crucial
to formulate a wound dressing that can effectively meet the
diverse requirements of patients. A desirable dressing must
have the capability to quickly absorb wound exudates, maintain
the appropriate moisture level in the wound area, enable gas
exchange, and isolate microorganisms.5,6 Furthermore, the
wound dressing should also possess biocompatibility,7

antimicrobial,8 anti-inflammatory,9 and antioxidant10 proper-
ties.
Nanofibrous membranes for wound dressing manufactured

by electrospinning have attracted considerable attention in
recent years.11 The nanofibrous membranes have a high
surface-to-volume ratio which could mimic the extracellular

matrix (ECM) of the targeted site, facilitating cell adhesion and
proliferation.12 Extremely fine pore size might isolate the
bacterium from the wound area, and high porosity promotes
gas exchange and absorption of excess exudate.13 Furthermore,
using electrospinning, the wound dressing could be customized
based on the needs of patients.14 Electrospinning is deemed as
a promising technique for manufacturing wound dressings.
Several materials have been utilized in recent times to create
electrospun materials. One such material is polycaprolactone
(PCL), which is a polymer with remarkable biodegradability,
biocompatibility, electrospinnability, and mechanical robust-
ness. The FDA has approved the use of PCL for biomedical
applications.15 Hence, PCL could be an excellent material for
manufacturing electrospun nanofiber membranes.
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Many bioactive or antibacterial agents were incorporated
into the electrospun nanofiber membranes to improve the
wound-healing effects.16−18 From ancient times, some plant
extracts that are rich in biologically active substances, including
flavonoids, phenols, polysaccharides, etc., with antimicrobial,
anti-inflammatory, and antioxidant properties have been used
to accelerate wound healing.19−21 Punica granatum L., a fruit
native to the Balkans, Iran, and neighboring countries, is widely
cultivated in Xinjiang, Henan, Jiangsu, and other parts of
China. Pomegranate peel is an excellent source of polyphenols
with potential antibacterial, antifungal, anti-inflammatory,
antioxidant, antiparasitic, and anticancer properties.22−25

According to Aminlari and co-workers,26 PPE could promote
wound healing by increasing FN1 gene expression and
extracellular matrix components such as GAGs and collagen
content and hence can be considered a therapeutic agent for
wound healing. To date, no studies on electrospun nanofiber
membrane-incorporated PPE for wound dressing application
have been reported.
The present investigation aims to produce PCL/PPE

nanofiber membranes using electrospinning due to their
exceptional wound-healing properties. The nanofiber mem-
branes will be evaluated for their morphology, chemical
structure, hydrophilic nature, release kinetics, and mechanical
characteristics. Moreover, the antioxidant activity, antimicro-
bial activity, biocompatibility, and in vitro wound-healing
efficiency were also analyzed.

2. MATERIALS AND METHODS
2.1. Materials. Pomegranate peels were collected in

Urumqi, Xinjiang. Folin phenol reagent (BR 1 mol/L, LOT:
S25N11J131971) and gallic acid standard (B20851 −20 mg,
CAS#140-91-7, HPLC ≥98%) were purchased from Shanghai
Yuanye Biotechnology Co., Ltd., Polycaprolactone (PCL) (Mw
= 80,000) was provided by Shanghai FanTai Biotechnology
Co., Ltd., NN-Dimethylformamide (DMF), Alkaline Phos-
phate (PBS, PH7.4), 1-Diphenyl-2 -Trinitrophenylhydrazine
(DPPH), and other chemical reagents were all analytical pure.
2.1.1. Preparation of Pomegranate Peel Extracts.

Pomegranate peels were collected and washed twice with
deionized water to remove impurities. The pomegranate peels
were then dried in a cool place and ground into powder using a
pulverizer. After sieving through 40 mesh, 100 g of the powder
was soaked in 600 mL of 70% (v/v) ethanol for 4 h at 60 °C.
The solution was filtered via filter paper and concentrated

using a rotary evaporator at 60 °C. The pomegranate peel
extracts (PPEs) were collected and stored at 4 °C for
subsequent use. Finally, the polyphenol content in PPE was
determined by Folin−Ciocalteu method.
2.1.2. Preparation of PCL and PCL/PPE Electrospinning

Nanofibers. Initially, a PCL solution (20%, w/v) was obtained
by dissolving PCL in DMF. Subsequently, varying amounts of
PPE (5, 7.5, 10% w/w of PCL) were dissolved in the PCL
solution. The electrospinning conditions were set as follows:
18 cm distance between the needle and the collector, 21 kV
voltage, and 0.5 mL/h flow rate. Figure 1 depicts the
preparation process. The PPE nanofiber membranes with
different contents (5, 7.5, 10% w/w of PCL) were named
PCL/5PPE, PCL/7.5PPE, and PCL/10PPE, respectively.
2.1.3. Scanning Electron Microscope (SEM) Analysis. The

morphology of the nanofiber membranes was examined by
SEM. Electrospun nanofibrous membranes were mounted onto
the aluminum foil and coated with gold palladium. The images
obtained from SEM were captured, and the mean diameters of
fibers were calculated using Image plus computer software.
2.1.4. Fourier-Transform Infrared Spectroscopy (FTIR)

Analysis. The interaction between the molecules of the
polymer and the functional groups of PPE was investigated
using FTIR. FTIR spectra were recorded in the range of
4500−500 cm−1 at 4 cm−1 resolution.
2.1.5. Water Contact Angle. The hydrophilic properties of

the nanofiber membranes were assessed using the water
contact angles measurement (DCAT21, Dataphysics Instru-
ment GmbH, Germany). The nanofiber membranes were
sliced into squares (3 × 3 cm2), and 5 μL of deionized water
droplets were dispersed on their surface. The contact angles of
different nanofiber membranes were then examined and
recorded using the equipment software.
2.1.6. Determination of Mechanical Properties. The

mechanical properties such as tensile strength, breaking
strength, and Young’s modulus of nanofiber membranes were
examined using a fiber tensile tester. Rectangular pieces (3 ×
0.5 cm2) of the nanofiber membranes were cut and clamped
onto the machine jaws. The tests were conducted at a
stretching rate of 10 mm/min, and the resulting data were
recorded.
2.1.7. In Vitro Drug Release Capability. The nanofiber

membranes were sliced into rectangular pieces (4 × 5 cm2),
and 25 mg of each sample was immersed in 6 mL of phosphate
buffer solution (PBS, PH7.4). The samples were then placed in

Figure 1. Preparation of electrospun nanofiber membranes loaded with PPE.
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Figure 2. SEM images and histograms for the size distribution of wound dressing: (a) PCL, (b) PCL/5PPE, (c) PCL/7.5PPE, and (d) PCL/
10PPE.
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a shaker and agitated at 100 rpm for 60 h at 37 °C. At each
time point, 3 mL of PBS solution was removed and replaced
with an equal amount of fresh PBS. The PBS solution was
examined at a wavelength of 765 nm, and the percentage of
PPE released from nanofibers was calculated using the
calibration plot.
2.1.8. Antioxidant Activity. The antioxidant property of the

composite nanofiber membranes was determined using the
DPPH method.27 A DPPH ethanol solution (0.2 mg/mL) was
prepared and kept in the dark. The nanofiber membrane
samples were prepared as follows: 25 mg of PCL, PCL/5PPE,
PCL/7.5PPE, and PCL/10PPE nanofiber membranes were
weighed and then sliced into small pieces. These membrane
pieces were soaked in 3 mL of absolute ethanol. After 5 h, 2
mL of the supernatant was mixed with 2 mL of the DPPH
solution and stored in the dark for 30 min. The OD value of
the solution was detected using an ultraviolet spectropho-
tometer at 517 nm. The antioxidant activity was calculated
according to the following equation (eq 1):

E
A A

A
(%) 1 100%

i j

o
= ×

Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ (1)

where Ao is the absorbance of the control at 517 nm; Aj is the
absorbance of the blank at 517 nm; Ai is the absorbance of the
sample at 517 nm.
2.1.9. In Vitro Antimicrobial Activity. The disc diffusion

method was used to detect the antimicrobial activity of
composite nanofiber membranes against Staphylococcus aureus,
Escherichia coli, and Candida albicans. At first, the nanofiber
membranes were sliced into pieces (1 × 1 cm2). After
undergoing UV sterilization, the nanofiber membranes were
arranged on plates coated with S. aureus, E. coli, and C. albicans,
correspondingly. These plates were then incubated (plates with
S. aureus and E. coli were incubated at 37 °C, whereas plates
with C. albicans were incubated at 28 °C). After 24 h, the
diameter of the inhibition zones was observed and recorded.
The experiment was repeated thrice.
2.1.10. Cytotoxicity Assay. The cytotoxicity of the nano-

fiber membranes was determined using the CCK8 assay in
mouse fibroblast (L929) cells. At first, both sides of the
nanofiber membranes were sterilized under UV irradiation for
30 min. The membranes were then immersed in a DMEM
medium containing 10% fetal bovine serum, 100 U/mL
penicillin, and 1% streptomycin for 24 h. The L929 cells were
seeded at 96 well plates (1 × 104 cells/well) and incubated at
37 °C for 24 h. The medium in 96 well plates was then
replaced with extract medium. The plates were kept further in
an incubator for 24 to 48 h. Subsequently, 10 μL of CCK8 was
introduced into each well, and the plates were incubated for 3
h. The absorbance value of each sample (n = 3) was measured
at 450 nm after incubation. The cell viability was calculated as
follows (eq 2):

A

A
Cell viability (%) 100%sample

control
= ×

(2)

where Asample and Acontrol represent the absorption value of the
medium soaked with or without nanofiber membranes,
respectively.
2.1.11. In Vitro Cell Migration Assay. The in vitro wound-

healing effects of the composite nanofiber membranes were
obtained using the scratch assay. L929 (1 × 105 cells/well)
cells were seeded in a 24 well plate and incubated at 37 °C for

24 h. A scratch was created using a 200 μL micropipette tip,
and the sterile composite nanofiber membranes (1 mg/well)
were added to the scratch. The 24 well plates were then kept in
an incubator at 37 °C for another 24 h. The scratches were
photographed using a light microscope at 0 and 24 h to
capture the changes. The cell migration rate was analyzed using
the Image plus computer software and calculated as follows (eq
3):

Cell migration rate (%)
(Wd Wd )

Wd
100

t0

0= ×
(3)

where Wd0 is the distance between the scratch boundaries at 0
h, and Wdt is the distance between the scratch boundaries at
the designated time.
2.2. Statistical Analysis. All data are the average of three

replications and are expressed as mean ± SEM. One-way
ANOVA was used to determine the statistical significance, and
the data and images were processed using Origin 2021 and
Graph Pad Prism 5 software.

3. RESULTS AND DISCUSSION
3.1. Determination of Polyphenol Content in PPE.

PPE consists of a variety of complex and diverse bioactive
constituents, with polyphenols being the primary components.
The polyphenols present in PPE exhibit both antibacterial and
antioxidant properties. Therefore, we employed the Folin−
Ciocalteu method to evaluate the polyphenol content in PPE.
The results showed that the content of polyphenols in PPE was
135.30 mg/g. Skrt et al.28 also used the ethanol solvent
extraction method to extract polyphenols in pomegranate peel,
and the yield of extracted polyphenols was 30.5 mg/g after
optimizing the extraction conditions. This value was lower than
the amount of extracted polyphenols in this study. This
variation may be due to the extraction conditions and the
solvent used, and may also be due to the difference with
variation related to the differences in the geographical area of
origin resulted.29

3.2. Morphology and Diameter Distribution of
Nanofibers. The SEM was utilized to analyze the morphology
of the nanofiber membranes, which contained different
concentrations of PPE. Figure 2a−d corresponds to the SEM
images of PCL, PCL/5PPE, PCL/7.5PPE, and PCL/10PPE,
respectively. The nanofibers exhibited a smooth, fine, and
bead-free structure. The incorporation of the PPE increases the
mean diameter of the nanofibers from 101.13 ± 31.62 to 278
± 117 nm. This could be attributed to the PPE increasing the
viscosity of the spinning solution and decreasing the
conductivity of the solution.30

3.3. FTIR Analysis. In this study, FTIR spectroscopy was
used to verify the encapsulation of PPE in PCL. Figure 3
depicts the absorption peaks of PCL, PCL/5PPE, PCL/
7.5PPE, and PCL/10PPE. In the case of PCL, a peak at 1733
cm−1 attributes to the C�O stretching.31 In the case of PCL,
the peaks at 1733 and 1260 cm−1 are attributed to C�O and
C−O−C stretching vibrations, and the absorption peaks at
2954 and 2874 cm−1 are caused by asymmetric stretching
vibrations of −CH2, all of which are characteristic peaks of
PCL.32−35 Incorporating PPE into PCL results in a slight
reduction in the intensity of the peaks compared to pure PCL.
One of the major peaks of PPE, located at 3352 cm−1,
corresponds to the −OH vibration of polyphenols in PPE. As
the concentration of PPE increases, this peak becomes
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broader.36 In the composite nanofiber membrane, the
characteristic peak of PCL is slightly shifted due to the
formation of hydrogen bonds between the hydroxyl group in
the polyphenol and the carbonyl group in the PCL. This leads
to an averaging of the density of the carbonyl electron cloud.37

FTIR spectra confirmed that PPE is successfully incorporated
into the nanofibers.
3.4. Water Contact Angle. The hydrophilic nature of the

wound dressing facilitates the absorption of wound exudate
and accelerates wound healing.38 On nanofiber membranes, a
hydrophilic surface could stimulate cell adhesion, spreading,
and proliferation on nanofibers membranes. The water contact
angle is commonly used to assess the hydrophilicity of a
material. A contact angle of 0−90° generally indicates good
hydrophilicity, whereas a contact angle of 90−180° indicates
good hydrophobicity.39 In this study, the dynamic water
contact angle measurement was performed to investigate the
effect of PPE on surface wettability (Figure 4). The contact
angle of pure PCL remains constant at 134.4 ± 2.00°.
However, when the PPE content of the nanofiber membranes
increases, the water contact angle at 10 s decreases from 49.47
± 2.18° (PCL/5PPE) to 21.93 ± 0.25° (PCL/10PPE). The
PPE content has a negative relationship with the water contact
angle value. This may be attributed to a large amount of

hydrophilic substances, such as polyphenols, which existed in
PPE.40

3.5. Mechanical Properties. An ideal wound dressing
should have adequate strength and elasticity to that of the skin.
The breaking strength, elongation at break, and Young’s
modulus of PCL, PCL/5PPE, PCL/7.5PPE, and PCL/10PPE
are shown in Table 1. The break strength, elongation at break,

and Young’s modulus of pure PCL are 2.75 ± 0.04 MPa, 38.51
± 3.05%, and 7.13 ± 0.10 MPa, respectively, while compared
to pure PCL, incorporation of the PPE increases the tensile
strength and Young’s modulus. The break strength, elongation
at break, and Young’s modulus of the PCL/10PPE nanofiber
membrane are 11.47 ± 1.20 MPa, 65.85 ± 6.75%, and 17.42 ±
1.82 MPa. One reason might be that the phenolic hydroxyl
groups of polyphenols in PPE react with the carbonyl oxygen
atoms in PCL to form hydrogen bonds, enhancing their
mechanical properties. Another reason might be that the
polyphenols contain aromatic structures, which can increase
the mechanical properties of the membrane.41,42

3.6. In Vitro Drug Release Capability. Nanofiber
membranes are used as a carrier for the delivery of PPE.
While polyphenols, being the major component of PPE, play a
key role in antimicrobial and antioxidant activities.43 There-
fore, the release of polyphenols is depicted as the release profile
of PPE. Figure 5 depicts the release process, which may be

divided into two stages.44 In the initial stage, a burst release of
PPE is observed within 20 h after the nanofiber membranes
were soaked in PBS. The PPE releases from PCL/5PPE, PCL/
7.5PPE, and PCL/10PPE were 88.46 ± 3.75, 91.24 ± 2.10,
and 92.72 ± 0.61%, respectively (Figure 6). The hydrophilic
groups in the polyphenols and the large number of extracts

Figure 3. FTIR spectra of nanofiber membranes.

Figure 4. Water contact angle of nanofiber membranes at 1, 5, and 10
s, respectively.

Table 1. Mechanical Properties of Nanofiber Membranes

breaking strength
(MPa)

elongation at
break (%)

Young’s modulus
(MPa)

PCL 2.75 ± 0.04 38.51 ± 3.05 7.13 ± 0.10
PCL/5PPE 8.21 ± 1.27 132.48 ± 12.06 6.2 ± 0.96
PCL/7.5PPE 10.43 ± 2.09 124.24 ± 21.00 8.39 ± 1.68
PCL/10PPE 11.47 ± 1.20 65.85 ± 6.75 17.42 ± 1.82

Figure 5. Cumulative release profile of nanofiber membranes within
60 h.
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dispersed in the nanofibers may be strongly associated with the
burst release. Then, the sustained release from nanofiber
membranes is shown from 20 to 60 h. This could be attributed
to the continued release of PPE in nanofiber. Furthermore, the
concentration of PPE increases the release of PPE.
3.7. Antioxidant Activity. Free radicals accumulated in

the wound site can cause inflammation and delay wound
healing. Wound dressings should have certain antioxidant
properties to resist the damage caused by the accumulation of
excessive free radicals.45 Studies have demonstrated that
polyphenols in PPE possess remarkable antioxidant activity
and are capable of eliminating free radicals.46 To evaluate the
antioxidant activity of the nanofiber membranes, the DPPH
assay was employed. The results, depicted in Figure 6, indicate
that the scavenging ability of pure PCL is significantly lower
compared to the other groups. Specifically, the scavenging rate
of PCL is 9.27 ± 0.28%. In contrast, the incorporation of PPE
increases the scavenging rate of the composite nanofiber
membranes from 42.51 ± 3.21 to 64.67 ± 2.88%. The
difference in antioxidant activity between the PCL and PPE-
loaded nanofiber membranes is statistically significant. PPE
incorporation significantly improves the antioxidant activity of
membranes. The antioxidant strength of PPE is determined by
the number of phenolic hydroxyl groups present in its
polyphenol molecules, resulting in a higher proton-donating
capacity that stabilizes DPPH radicals.47 Consequently, a
higher PPE content in the nanofiber membrane corresponds to
an increased polyphenol content and DPPH radical scavenging

rate. Therefore, incorporating PPE into nanofiber membranes
has the potential to enhance the antioxidant capabilities of
wound dressings.
3.8. Antimicrobial Activity. Microbiological contamina-

tion was a major cause of delay in wound healing.48 Therefore,
an ideal wound dressing should have to contain antimicrobial
properties. However, in recent years, there has been an
increase in the use of antibiotics with many side effects on
patients, leading to the rise of superbug.49 PPE, being a natural
extract from plant peel, would have lower side effects and could
prevent microbial growth.50 In clinical studies, the most
prevalent organisms observed to cause wound infection were E.
coli, S. aureus, and C. albicans.51,52 A disc diffusion assay was
performed to evaluate the nanofiber membranes’ antimicrobial
properties. The results, presented in Figure 7 and Table 2,

demonstrate that pure PCL lacks antimicrobial activity.
However, as the concentration of PPE in the nanofiber
membranes increases, the antimicrobial activity against E. coli,
S. aureus, and C. albicans is enhanced. Moreover, the PCL/PPE
nanofiber membranes exhibit superior antimicrobial activity
against E. coli, S. aureus, and C. albicans in comparison to pure
PCL. The diameter of the inhibition zone of PCL/10PPE
against E. coli, S. aureus, and C. albicans reaches 19.15 ± 0.76,
22.81 ± 0.29, and 20.01 ± 0.36 mm, respectively. This
conclusion could be explained by the fact that high polyphenol
levels hinder the formation of microbial biofilms, hence
decreasing their growth and reproduction.53 The antimicrobial
activity of PPE nanofibers against S. aureus is superior to that
of E. coli. Wang et al.54 suggested that this may be due to
differences in the cell membrane structure of S. aureus and E.
coli. Compared to S. aureus, E. coli has an additional
phospholipid outer membrane that acts as a barrier to PPE.
In this study, the successful introduction of PPE results in
nanofiber membranes with good antibacterial properties.
3.9. Cytotoxicity Analysis. Fibroblasts are the major cells

of the dermis, which play a critical role in the reconstruction of

Figure 6. Antioxidant activity of nanofiber membranes, respectively.
Data are presented as mean ± SEM (n = 3). The significant difference
is marked by three asterisks (***) for P < 0.001 PCL/PPE vs PCL.

Figure 7. Antimicrobial activity of PCL and PCL/PPE nanofiber membranes. (a) E. coli, (b) S. aureus, and (c) C. albicans.

Table 2. Diameter of the Inhibition Zone of Nanofiber
Membranes

sample

diameters of the inhibitory zone (mm)

E. coli S. aureus C. albicans

PCL 0 0 0
PCL/5PPE 13.27 ± 0.70 16.61 ± 0.17 11.67 ± 0.30

PCL/7.5PPE 15.73 ± 0.16 18.73 ± 0.17 17.67 ± 0.28
PCL/10PPE 19.15 ± 0.76 22.81 ± 0.29 20.01 ± 0.36
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the tissue; hence, the L929 cell line is used in this test.55 To
assess the cytotoxicity of the nanofiber membranes containing
varying concentrations of PPE, the CCK8 assay was
conducted. The results, depicted in Figure 8, indicate that

the viability of cells is not affected by exposure to the leachate
medium of the nanofiber membranes. The cell viability of
nanofiber membranes ranges from 100.1 ± 2.00 to 119.7 ±
4.45% at 24 h and then from 95.5 ± 2.00 to 101.5 ± 3.6% after
48 h (control was 100%). These results confirm that the
nanofiber membranes exhibit good biocompatibility, and PPE
could promote cell proliferation.56

3.10. In Vitro Wound-Healing Assay. Cell migration
induces wound contraction during wound healing, which is an
important step in triggering later stages of healing.57 The cell
migration effect of PCL/PPE nanofibrous membranes was
assessed in this study using a cell scratch experiment, as
depicted in Figures 9 and 10. The results demonstrate that the
cell migration rates of the blank and PCL groups were 45.39 ±
1.46 and 50.72 ± 1.38%, respectively. However, the cell
migration rates of the PCL/5PPE, PCL/7.5PPE, and PCL/
10PPE groups were significantly higher, measuring 70.68 ±
0.94, 69.97 ± 1.16, and 84.92 ± 0.73%, respectively. The
results reveal that the electrospun membrane with PPE
significantly promoted the migration of L929 cells. Therefore,
PPE-loaded electrospun nanofibrous membranes have the
potential to promote skin wound healing.

4. CONCLUSIONS
In this study, PCL loaded with varying amounts of PPE is
successfully manufactured using the electrospun method for
wound dressing preparation. The morphology, physiomechan-
ical, and biological properties of the membranes were all
investigated. According to the SEM assay, the morphology of
the nanofiber is uniform and bead-free. FTIR analyses confirm
that the PPE is successfully incorporated into the nanofibers.
With the increasing content of the PPE, the mechanical
properties, hydrophilic properties, and oxidation resistance of
the membranes are improved. The in vitro release kinetics of
PPE indicates that it is initially released in bursts for the first 20
h, followed by a sustained release for the subsequent 40 h. The
presence of PPE enhances the antimicrobial properties of the
membranes against E. coli, S. aureus, and C. albicans.
Additionally, the results of the CCK8 assay and scratch assay
suggest that incorporating PPE improves the biocompatibility

of the membranes and promotes the proliferation of L929 cells.
Based on the findings, composite nanofiber membranes
combined with PPE could be a promising candidate for
wound dressings.

Figure 8. Cell viability of L929 cultured in the leach of nanofiber
membranes incorporated with different concentrations of PPE at 24
and 48 h.

Figure 9. Morphology of L929 cells cultured at 0 and 24 h of control,
PCL, PCL/5PPE, PCL/7.5PPE, and PCL/10PPE.

Figure 10. Rate of cell migration of nanofibers membranes in vitro.
Data are presented as mean ± SEM (n = 40). The significant
difference is marked by three asterisks (***) P < 0.001 PCL/PPE vs
Control and PCL.
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