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1. Introduction
As our body’s primary immunological barrier, 

skin protects us from microorganism infiltration 
and dehydration [1]. Thus, the major role of the skin 
is to shield the beneath muscles, bones, ligaments, 
and internal organs from exposure to external 
biological, chemical, mechanical, and physical 
agents [2]. The wound is a rupture in the tissue 
caused by an external laceration on the skin that 
results in trauma [3]. Due to the minimal tissue loss 
and rapid healing process associated with surgical 
incisions, wounds can be closed using various 
techniques, including adhesive strips, sutures, or 

skin adhesives (closure by primary intention), 
unless an underlying pathological circumstance 
impairs the healing process [4]. Any deviation 
from normal healing can result in chronicity or 
fibrosis. This divergence could result from an 
underlying condition that affects, for example, the 
blood circulation (peripheral vascular disease) or 
the immunological system (immunosuppression). 
Additionally, it may be triggered by a metabolic 
disease (e.g., diabetes), pharmaceutical use, or 
radiation therapy [5, 6]. An incorrect repair 
process can result in serious injuries, such as the 
loss of skin, infection, impairment to adjacent 

Bacterial wound infection delays wound healing and may lead to life-threatening complications. Hence wound 
dressing materials are not restricted to stop blood loss, but also to protect the wound from bacterial infection and 
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human Amniotic membrane (dehAM) were fabricated by electrospinning technique to be used in wound healing. 
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inhibited the development of E. coli and S. aureus. Furthermore, cell attachment, cell viability, and in vitro cytotoxicity 
experiments have demonstrated the biocompatibility and cytocompatibility of the dressings, as well as their suitability 
for MSCs attachment. Altogether, the produced dressing was shown to have immense potential as a wound dressing.
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tissues and even systemic tissues [7]. As a result, it 
is critical to produce wound dressings capable of 
preventing germs from penetrating the wound and 
microorganisms from growing.

Since 1980, topological solutions such as 
membranes/sponges [8], hydrogels [9], films 
[10], nanogel/microgel [11], scaffolds/bandages 
[12], and nano/micro-fibers [13] have been 
studied. Among them, nano/micro-fibers exhibit 
desirable wound dressing qualities such as exudate 
absorption, oxygen permeability, high surface area, 
and antibacterial capabilities, largely ascribed to 
nanotechnology’s evolution [3, 14].

Nanofibrous dressings typically have a larger 
porosity, allowing for greater water and oxygen 
permeability, improved nutrition exchange, and 
the elimination of metabolic waste products [15]. 
Additionally, nanoscale fibers can aid in hemostasis 
by providing small dressing interstitial spaces and 
a large surface area. Not only can the small hole 
size of nanofibrous dressings protect the wound 
from bacterial infection and cell/tissue ingrowth, 
but nanofibrous dressings can also provide good 
conformability, resulting in enhanced coverage and 
infection prevention [6, 16].

Bombyx Mori (silkworm) silk is a naturally 
renewable resource composed primarily of two 
types of proteins called Fibroin and Sericin [17, 
18]. Silk fibroin (SF) has several unique properties 
that make it an attractive material for clothing, 
drug delivery, scanning, and tissue engineering. 
Additionally, it is a substance that has been approved 
by the Food and Drug Administration (FDA) for 
some biomedical applications [19]. SF dressings 
contain advantageous attributes, including 
delayed degradation, abundant supply, low 
immunogenicity, high water absorption capacity, 
hemostatic capabilities, superior air permeability, 
and inexpensive cost. Additionally, SF is a highly 
flexible polymer with outstanding mechanical 
qualities, including tensile strength (0.5 GPa), 
breaking elongation (15%), and elasticity (<35%) 
[20, 21]. SF promotes wound healing by increasing 
the adhesion, distribution, and proliferation of 
epidermal and fibroblast cells on scaffolds. SF is a 
versatile material that can be produced in various 
forms [22].

The amniotic membrane (AM) is the placenta’s 
innermost layer (about 0.02–0.5 mm thick) that 
comes in direct contact with the amniotic fluid, 
acting as a metabolic filter and a supply of cytokines 
and growth factors for the fetus [23]. Additionally, 
AM stem cells have distinct anti-inflammatory, 
fibrosis, scarring, and antibacterial properties, as 
well as minimal immunogenicity, angiogenesis 
stimulation, and oxidative stress inhibition [24, 
25]. It has been widely utilized to treat a variety of 
acute and chronic diseases, surgery reconstructing, 

dentistry, urology, oncology, and otolaryngology, as 
well as diabetic neurovascular ulcers and different 
kinds of postsurgical and post-traumatic wounds 
openings. Specific applications present challenges 
due to mechanical durability, donor variability, 
and membrane properties associated with the 
preservation approach [26]. Lyophilization is one 
of the safest techniques for clinical usage, with the 
advantages of keeping the ultrastructure, facilitating 
and expense storage, and transportation, which 
enables the use of AM in diverse body sites and for 
extended periods [23, 24, 26].

The growth of bacterial resistance due to 
antibiotic overuse and the possible danger of 
nanoscale antimicrobial particles have sparked 
widespread public concern about their long-term 
safety. Due to their safety and comprehensive 
antibacterial protection, natural antibacterial 
components derived from plants have become 
interesting options [27]. Thymol (THY), a naturally 
occurring phenol chemical with a white aromatic 
crystalline form, is the primary constituent of the 
essential oils obtained from Lippia gracilis and 
possesses various biological properties, including 
antimicrobial, antioxidant, antinociceptive, local 
anesthetic, and anti-inflammatory properties [28]. 
Thymol has a tremendous potential to replace 
commonly used antibiotics with no microbial drug 
resistance due to its broad-spectrum antibacterial 
activity. Additionally, the United States Food and 
Drug Administration (FDA) has accepted Thymol 
as a safe substance [29]. Regrettably, most naturally 
produced medications are unstable in biological 
environments, have limited water solubility, and 
exhibit poor delivery to target areas [30]. Nowadays, 
medication delivery techniques have been created 
to circumvent these constraints. Electrospinning, 
as a simple and low-cost fabrication technique, 
has the ability to produce fibers with micro/
nano dimensions to mimic the native structure 
of ECM [31]. Recently, biocompatible Manuka 
honey/SF fibrous matrices were fabricated by 
electrospinning of aqueous PEO solution as wound 
dressing materials. In this study, in-vivo wound 
healing assay indicates that the prepared Manuka 
honey/SF fibrous matrices demonstrated excellent 
biocompatibility and en-hanced wound healing 
process [32]. Guldmet et al. prepared nanofiber 
webs based on olive leaf extract loaded SF/
hyaluronic acid for wound dressing applications. 
The cytotoxicity of prepared nanofiber webs was 
evaluated in-vitro against the human epidermal 
keratinocytes cells. These results suggested that the 
developed electrospun nanofibers were nontoxic 
and suitable candidates for wound dressing material 
[33]. Shadai et al. developed starch nanoparticles 
as a vitamin E-TPGS carrier loaded in SF/PVA/
Aloevera nanofibrous by electrospinning tech- 
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nique. These results indicated that the prepared 
nanofibrous dressing of SF/PVA/Aloevera 
containing 5% Vitamin-E-loaded starch NPs can 
be a potential dressing for treating skin wounds 
[34]. Electrospun nanofibers have the potential to 
be a promising drug carrier for thymol, enhancing 
its bioactivity, achieving prolonged drug release, 
and minimizing the toxicity associated with 
overdosage [29].

This study aimed to fabricate a new bioactive 
by-layer wound dressing that could deliver thymol 
to the wound area as a natural antibacterial agent 
using the human amniotic membrane and silk 
fibroin. The dressings’ structure, morphology, and 
physicochemical properties were investigated and 
measured. The biodegradability, biocompatibility, 
and cytotoxicity of wound dressing were all 
evaluated. Antimicrobial activity was measured 
in order to assess the bacteria’s susceptibility. All 
data indicate that this study leads to the creation 
of a novel and unique dressing containing SF 
biopolymer nanofibers and decellularized human 
amniotic membrane along with thymol by 
electrospinning technique, which is capable of 
achieving wound healing needs.

2. Material and Methods
2.1. Materials

Children’s Medical Center, Iran graciously 
donated decellularized human amniotic membrane 
(dehAM). Bombyx mori silkworm cocoons were 
obtained from the Guilan agricultural organization 
in Iran. Lithium Bromide (LiBr), Sodium Carbonate 
anhydrous (Na2CO3), Thymol, cellulose dialysis 
tubes (12 KDa, 12400 MWCO), Formic Acid, 
Absolute Ethanol (99.7%), Glutaraldehyde (40%), 
Dimethyl sulfoxide (DMSO), Mueller Hinton 
Agar (MHA), 3-(4,5- Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), and other 
materials used in biological protocols, including 
trypsin, Phosphate-buffered saline (PBS), fetal 
bovine serum (FBS), and Dulbecco’s Modified 
Eagle’s Medium (DMEM) were purchased from 
Sigma-Aldrich China Inc. Mesenchymal stem cells 
were provided by Research Center for Advanced 
Technologies, Tehran Heart Center, Iran. 
Microorganisms including Staphylococcus Aureus 
(ATCC29212) and Escherichia coli (ATCC25922) 
were also provided from Pasteur institute. 
Throughout the experiment, ultrapure water was 
used. All compounds utilized in this study were 
analytical grade and were not further purified.

2.2. Extraction of Silk Fibroin
SF was prepared using the method described in 

the literature [35]. Briefly, cocoons were boiled in 
a 0.02M Na2CO3 aqueous solution at 100°C for 45 
min, and then Sericin was removed by rinsing three 

times with ultrapure water at 100°C for 10 min.  
The degummed silk was dissolved in 9.3 M Lithium 
bromide (LiBr) solution at 60°C for 4 hours and 
samples were dialyzed against ultrapure water with 
changes at regular time points, then centrifuged 
(PIT-premium 20000R, Iran) in 9000 rpm at 4°C 
for 15 minutes, lyophilized (Pishtaz Engineering 
F0-6, Iran) and stored at room temperature until 
further use.

2.3. Fabrication of Electrospun dehAM /SF mat 
containing Thymol 

According to the results of experimental trial, 
a solution of 13% wt/v silk fibroin in Formic 
acid was made. Following that, three solutions 
containing 5% wt/wt, 10%wt/wt and 15% wt/wt 
thymol were prepared; the solutions were then 
put into syringes fitted with a 22 G stainless steel 
needle for electrospinning (NanoAzma, Iran). On 
the collector, dehAM (55 cm2) was deposited. The 
voltage, feeding rate, and distance between the tip 
and the collector were set to 20 kV, 0.2 mL h-1, and 15 
cm, respectively. Figure 1 depicts schematic of the 
fabrication process. SF nanofibers were electrospun 
on the dehAM as a control group. The mats were 
submerged in ethanol for 10 minutes to convert the 
amorphous phase of SF to an insoluble β-sheet and 
increase SF water stability. Table 1. summarizes the 
compositions of each group.

2.4. Characterization of Electrospun dehAM/SF/
THY mat
2.4.1. Scanning Electron Microscopy (SEM)

SEM (SERON Technology, AIS-2100, Korea) 
was used to analyze the morphology of nanofibers. 
The average diameters of the nanofibers were 
determined using ImageJ software by measuring 
the average value of 50 nanofibers in the SEM 
images.

2.4.2. Fourier transform infrared spectroscopy – 
attenuated total reflectance (FTIR-ATR)

FTIR-ATR spectroscopy (PerkinElmer, USA) 
was used to investigate pure Silk Fibroin and 
dehAM/SF/THY mats, separately.

2.4.3. Contact angle measurement 
The wettability of a wound dressing material 

is one of the most critical surface qualities that 
impact its biological function. Water contact angle 
measurements were taken on fibrous membranes 
to estimate their surface wettability using a Surface 
Tension Meter (OPTICS Z5, Iran). Each membrane 
sample received 3 µL of deionized water, and each 
sample was analyzed in triplets.

2.4.4. Water Vapor Transition rate (WVTR)
Water vapor transmission rates (WVTR) were 
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Fig. 1- schematic of the fabrication process.
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determined using the ASTM E96 standard test 
procedure. A cylindrical glass container with a 1.5 
cm2 surface area was supplied with 50 mL deionized 
water and sealed at the top with the dressing. The 
bottle was placed in the environmental chamber at 
37°C and relative humidity of 40%. The assembly’s 
weight was observed at regular intervals of one 
hour for 24 hours, and the WVTR was measured 
by the slope of the graph using a linear function by 
the equation 1[36]:

                                                                                (1)
                                                                                

2.4.5. Thymol release study 
The dressings (with a total weight of 5 mg) 

were soaked in 2 mL of PBS adjusted to a pH of 
7. The specimens were then incubated at 37°C 
in an incubator shaker under rotation (60 rpm) 
to simulate physiological function. The samples 
were centrifuged at various time points, and the 
supernatant (1 mL) absorbance at 274 nm was 
determined to compute the amount of thymol 
released. Thymol solutions containing 0.2–2% wt/v 
thymol in Formic acid were generated to calculate 
the calibration curve, and their UV absorptions 
at 274 nm were recorded. All experiments were 
repeated three times.

2.4.6. Degradation assessment 
The dressings were incubated in a 1.5 mL 

solution of PBS for 7, 14, and 21 days at 37°C, pH 7. 
(60 rpm). Dressings were freeze-dried and weighed 
at various intervals. The degradation at each time 
was estimated using the following equation [37]:

                                                                               (2)

Where Wi is the initial weight of the sample and 
Wt the weight of the sample at time t.

2.4.7. Cell culture
MSC cells were grown at 37°C in a 5% CO2 

atmosphere in DMEM media supplemented with 
10% FBS and 1% penicillin/streptomycin. The 
dressings were trimmed to the proper size and 
sterilized by soaking them in 70% ethanol filtered 
through a 0.22-micron filter and rinsed three times 
with PBS (15 minutes each time), followed by a 
20-minute UV exposure. To examine cell adherence 
to the dressings, MSC cells were seeded on each 
dressing and incubated for 3 days at 37°C, 5% CO2. 
Each sample was fixed for 40 minutes at 20°C in 
a 2.5% glutaraldehyde solution and dehydrated for 
10 minutes in gradient ethanol. SEM was used to 
examine cell morphology and cell adhesion.

2.4.8. Cell toxicity assessment by MTT assay
Following 1, 3, and 7 days after cell seeding, the 

biocompatibility of the dressings was determined 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) assay. Before seeding 
cells, dressings were placed in 96-well plates and 
sterilized using the same process as the cell adhesion 
assay. MSC cells were seeded and incubated in 
a sterile environment. For 3.5 hours, the samples 
were incubated (T=37°C, 5% CO2) in an MTT 
reagent. The formazan crystals were dissolved 
in DMSO, and the absorbance at 570 nm was 
determined using an ELISA plate reader (Biotec, 
ELX800, USA). As a control group, a serum-free 
culture medium was used.

2.4.9. Antibacterial assay
For two of the most commonly detected gram-

negative and gram-positive bacteria found in the 
wound region, the bacterial inhibition was assessed 
using a revised AATCC-100 Testing Method [38]. 
In a 100 μL sterilized feeding solution, bacterial 
suspensions (E. coli and S. aureus) with 1.5×10+8 
colony forming units (CFU) mL-1 (0.5 McFarland) 
were applied on 4 cm2 cut samples and covered with 
another dressing. The dressings and suspension 
were shaken after a 24-hour incubation time at 
37°C, and 0.1 mL of each sample was cultured 
on Muller Hinton agar medium. After another 
24 hours of incubation at 37°C, the colonies were 
counted.

2.4.10. Statistical analysis
One-way analysis of variance (ANOVA) 

followed by Tukey’s post hoc test was used to 
analyze the results.

3. Results and Discussion
3.1. SEM analysis

Figure 2 depicts the morphology of nanofibers 
and size distribution. The diameter analyses 
indicated that dehAM/SF has an average diameter 
of 260+58 nm, which decreases when thymol 
is added, from 126±31 nm in dehAM/SF/T5 to 
104±21 nm in dehAM/SF/T10. This could be 
related to thymol’s plasticizing properties and the 
rearranging of polymer chains, which resulted in a 
drop in the viscosity of the polymer solution. The 
addition of 15%w/w thymol to the electrospinning 
solution increased the average diameter of dehAM/
SF/T15 to 189±46 nm, which may be owing to the 
thymol’s low solubility in the solution. Furthermore, 
the diameter of the nanofibers is comparable to that 
of the collagen fibrils found in the ECM (50-500 
nm), indicating the dressings’ ability to replicate 
the properties of native tissue and create an optimal 
environment for cell migration, adhesion, and 
proliferation.
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Fig. 2- SEM images and diameter distributions of nanofibers a. dehAM/SF b. dehAM/SF/T5 c. dehAM/SF/T10 d. dehAM/SF/T15.
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3.2. FTIR-ATR results
Figure 3. shows the chemical bonding existing in 

the produced wound dressings. It can be observed 
from figure 3.a that the presence of peaks at 1650 
cm-1 and 1526 cm-1 are due to the amide I and amide 
II of SF. These peaks have shifted to 1624 cm-1 and 
1514 cm-1 as a result of formation of β-sheets from 
random coils which proves the accuracy of the 
SF cross-linking process. Additional bondings were 
found, including OH- at 3282 cm-1, CH2 at 2980 cm-1, 

asymmetric C-O-C at 1239 cm-1, and symmetric 
C-O-C at 1169 cm-1, which are identical in both 
as-synthesized and crossed-link specimens. Table 
2. summarizes the wavenumber of corresponding 
bonds. In figure 3.b a peak at 671 cm-1 wa seen when 
thymol was added to the fabricated wound dressing, 
matching aromatic C-H bonding. Additionally, 
thymol possesses an OH-group, phenolic bond at 
3289 cm-1 that overlaps with the OH-1 bond in SF, 
resulting in a slightly stronger peak.

a. 
 

 

 

b. 

 

  

  
Fig. 3- FTIR-ATR spectrograph of a. the effect of cross linking on Silk Fibroin b. SF and SF/T15.
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3.3. Contact angle results
The presence of polar functional groups reduces 

contact angles by increasing surface energy. These 
functional groups enable binding to water molecules 
and extracellular matrix proteins, creating favorable 
sites for cell attachment. In contrast, surfaces with 
nonpolar chemical compositions minimize protein 
adsorption and cell adhesion [39]. Wettability 
was determined for all dressings as well as SF 
nanofibers to observe the impact of dehAM on the 
hydrophilic nature of wound dressings. Generally, 
the moist atmosphere within the wound dressing 
would promote cell adhesion and cell growth. The 

contact angle measures are depicted in figure 4. As 
demonstrated, the SF nanofibers have an average 
contact angle of 86.6±4.6°, which is believed 
to be a hydrophobic wound dressing, however, 
adding a thin coating of dehAM increased the 
wettability greatly to 24.5±3.2°, which could be 
owing to the polar groups present in dehAM [32, 
33]. Additionally, figures regarding to dehAM/SF/
T5, dehAM/SF/T10 and dehAM/SF/T15 illustrate 
the effect of various thymol concentrations. 
When the thymol concentration of the dressings 
was increased, the wettability of the dressings 
decreased.

3 
 

 

  
Fig. 4- Contact angle of  the dressings.

Table 2- Wavenumber of corresponding bonds
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3.4. WVTR results 
To prevent dehydration and exudate 

accumulation in the wound and to stimulate 
tissue regeneration, a suitable wound dressing 
material should be permeable to water vapor. Gas 
permeation through a thin membrane is frequently 
separated into two stages: dissolution of gas 
molecules within the membrane and transmission 
across the membrane. Thus, the permeability of 
a polymeric film to water vapor is dependent on 
various parameters, including the presence of 
pores in the membrane, its degree of hydrophilicity, 
the polymer crystalline phase, and its molecular 
mobility [35]. The results suggest that increasing 
the thymol content in the dressings decreased the 
water vapor transfer rate from 7130±79 g/m2/day 
and 6285±56 g/m2/day for dehAM/SF/T10 for 
dehAM/SF/T5 to 5146±104 g/m2/day for dehAM/
SF/T15. The decreasing trend could result from the 
reduction in free volume and molecular mobility 
due to the creation of a dense network of thymol 
and SF via new hydrogen bonding.

3.5. Thymol release profile 
Eight solutions ranging in concentration from 

0.2 mg mL-1 and 2 mg mL-1 were quantified using 
UV–visible spectrophotometry with Formic 
acid serving as a blank sample at a physiological 
pH 7. At 274 nm, the absorbance was measured, 
demonstrating a linear calibration curve () between 
absorbance and thymol concentrations.

The in vitro thymol release profiles of the 
dressings were investigated over two weeks 
at 37 °C. As illustrated in Fig. 5, the release 
of thymol from nanofibers was rather rapid 
during the first 24 hours of PBS treatment but 
then reduced and eventually reached its peak 
after two weeks. During the first 24 hours, a 
burst release of thymol nanoparticles (about 
11 mg mL-1) occurs. After the initial phase, the 
pace of thymol release slowed to the point where 
the release profile became flattened. Generally, 
controlled drug release was obtained due to the 
nanofibers’ benefits.

3.6. Degradation profile
The amount of weight reduction at various 

incubation durations is depicted in Figure 6. 
Because the dose of thymol used did not affect 
the degradation rate, only the dehAM/SF/T15 
dressing was used in the test. The results of the 
degradation experiments yielded  that the dressing 
loses 25% of its weight after 7 days, followed by 72% 
once the experiment is finished. According to the 
observation, the dressing’s degradable component 
is primarily SF nanofibers. As a result, SF has a 
high resistance to dissolving, heat degradation, and 
enzymatic activity [20]. Therefore, hydrolysis is 
used to carry out the in vitro degradation. Thymol 
also undergoes degradation reactions such as 
oxidation, polymerization, disproportionation, and 
cyclization [28].
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Fig. 5- Thymol release profile from dehAM/SF/T15 nanofibers after immersion in PBS.
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3.7. Cell adhesion
Figure 7. depicts the cell adhesion, cell 

morphology and filopodia of Mesenchymal 
stem cells after 72 hours of incubation. At great 
magnification, we could discern the transition of 
the cell shape into spindles and triangles. Although 
all dressings provided enough surfaces for MSCs 
attachment, the elongation of MSCs was seen to 
be different as the thymol concentration of the 

dressings increased. The degree of elongation 
and spindle-shapedness of the cells decreases 
from sample dehAM/SF to dehAM/SF/T15. Cells 
grown on the dehAM/SF/T15 dressing exhibited a 
more rounded shape and an inclination to cluster. 
Additionally, the results demonstrated that the 
dressings could mimic the extracellular matrix 
environment, which was advantageous to cell 
adhesion and growth.

Fig. 6- Degradation profile of dressing after 7, 14 and 21 days of incubation in PBS.

Fig. 7- SEM images of MCS cells seeded at the surface of a. dehAM/SF b. dehAM/SF/T5 c. dehAM/SF/T10 d. dehAM/SF/T15 
after 72 h; Filopodia are shown with orange circles.
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3.8. MTT assay
According to the MTT assay results provided 

in figure 8, the viability of MSCs on the dressings 
is greater than that of the control sample, 
implying that the addition of thymol is not toxic. 
Additionally, cell proliferation was aided by 
cytokines and growth factors in the decellularized 
human amniotic membrane.

3.9. Antibacterial assay
According to the literature [2], the most 

prevalent microorganisms found in infectious skin 
wounds are Escherichia coli (gram-negative) and 
Staphylococcus aureus (gram-positive). As a result, 
the antibacterial property of wound dressings 
is critical. Thymol, as a phenolic compound, 
penetrates the bacterial cell membrane and disrupts 
the structure and function of the membrane. 
This disruption leads to increased membrane 
permeability and the leakage of vital substances 
from the bacterial cell, ultimately causing cell 
death. Thymol can inhibit vital processes inside 
the bacterial cell, such as protein transcription and 
translation, thereby reducing the production of 
toxic substances and enzymes needed by bacteria, 
which inhibits bacterial growth and proliferation 
[42]. As illustrated in Figure 9, the antibacterial 
activity of the dehAM/SF/T15 dressing was 
determined using the dilution method towards 
E. coli and S. aureus (colony count). The findings 
indicate that the dressings are highly efficient 
against certain microorganisms. Additionally, 
the dressing had a threefold antibacterial effect 
against S. aureus compared to E. coli, which 

could be explained by the fact that gram-negative 
bacteria have a more complicated and thicker cell 
wall composed primarily of lipopolysaccharide 
molecules that behave as a hydrophilic shield, 
preventing hydrophobic structures such as Thymol 
from diffusing into the cell wall [28]. In terms 
of thymol’s antibacterial effectiveness against 
gram-positive bacteria, it is hypothesized that 
direct contact between thymol and intracellular 
biomacromolecules leads to DNA structural 
changes and bacterial mortality [29].

4. Conclusion
Although SF nanofibers have been extensively 

used as a promising biomaterial for wound 
healing due to its appropriate mechanical 
properties as well as its biocompatibility, its low 
wettability hinders cell processes such as cell 
adhesion and cell proliferation. Thus: 
1. In this study, decellularized hAM was added 
as a solid substrate to not only promote cell 
adhesion and cell migration but also improve 
cell proliferation due to the presence of growth 
factors and cytokines necessary for wound 
healing. 
2. Thymol was also incorporated into SF 
nanofibers via electrospinning as a natural 
antibacterial agent to protect the wound area 
against common microorganisms. 
3. In summary, this study confirmed that thy-
loaded dehAM/SF dressing fabricated via 
electrospinning technique is a proper candidate 
for wound healing by preventing infections and 
healing acceleration effect.
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