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Abstract

Diabetic wounds are one of the most challenging clinical conditions in diabetes; necessitating the
development of new treatments to foster healing and prevent microbial contamination. In this study,
polyvinyl alcohol (PVA) was used as a matrix polymer, and amoxicillin (AMX) and salicylic acid (SA) were
selected as bioactive compounds with antimicrobial (with AMX) and anti-inflammatory action (with SA) to
obtain innovative drug-loaded electrospun nanofiber patches for the management of diabetic wounds.
Scanning electron microscopy (SEM) images revealed the uniform and beadgss structure of the nanofiber
patches. Mechanical tests indicated that AMX minimally increased the tensile strength, while SA
significantly reduced it. The patches demonstrated effective antibacterial activity against both gram-
positive (Staphylococcus aureus) and gram-negative (Escherichia coli) strains. The potential of these
patches in the development of novel wound dressings Is highligh.ted by the excellent biocompatibility with

fibroblast cells maintained for up to 7 days.

Keywords: antibiotic; wound dressing; biocompatibility; antimicrobial activity, drug delivery

1. Introduction

Wound refers to the deterioration of tiisue integrity due to various diseases or external factors and the
inability of living tissue to maintain its structure and function [1]. Diabetes is a prevalent chronic disease
caused by a deficiency or inefficiency of the hormone insulin, leading to high blood sugar levels [2]. The
wound healing process Is delayed in diabetic patients due to the weakening of the body’s natural
resistance and immune system, impaired blood flow and tissue oxygenation, and the occurrence of wound
infections. The process.of healing diabetic wounds is challenging and prolonged [3]. According to the
estimates of the International Diabetes Federation, the number of diabetic patients will increase to 643

million in 2030 and 783 million in 2045 [4]. The number of diabetic wound cases is expected to follow this
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trend; therefore, there is a need to develop effective treatment systems that will contribute to the successful
healing of diabetic wounds [5].

It makes it possible to develop new systems and devices through tailor-made properties of matter for
various applications in physics, chemistry and biology [6]. It is expected that‘nanotechnology will solve
many biomedical problems, including treating burns and wounds, repairing tissues and organs, and
treating various illnesses [7].

The aim of this study is to tackle the challenge of chronic wound manage:nent by creating innovative
electrospun nanofibre patches using PVA as a matrix polymer. These patches will be loaded with AMX to
achieve an antimicrobial effect and SA will be chosen for its,antizinflammatory activity. The goal of
delivering drugs through polymer-based nanofibres is to increase the surface area of carriers and enhance
the dissolution rate in the required region. y

Nanofibers belong to a specific category of nanomaterials with structures and properties that resemble
those of natural biological tissues. Their porous. nature offers advantages for the healing of tissues [8 -
10]. Their high surface area to volume ratio makes them advantageous for use as dressings. As a result,
their use provides a high likelihood of interacting with the biological targets and better penetration, leading
to increased adhesion of cells, proteins, and.drugs to the wound area.

There are many techniques for producing nanofibers, such as drawing, template synthesis, phase
separation, fibrillation, melt-blowing, rotary jet spinning, and electrospinning [11, 12]. The electrospinning
method has been used4n this study for the fabrication of nano-sized structures. This method enables the
combination of different natural or synthetic polymers [13, 14].

Nanoparticles have the functions of carrying active drug release, protecting, maintaining, and providing

low drug dosage [25]. By using these functions of nano sizes, it is aimed to load the drug on the nanofiber

surface and to support the wound healing process.
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When treating wounds and injuries, administering drugs locally to the wound is asfaster method of
preventing potential infections. Recent studies on antibiotics have shown that excessive use of.antibiotics
may disrupt body functions and lead to possible side effects. The direct loading of AMX into the wound
dressing is designed to avoid the potential side effects of antibiotics, to provide direct protection to the
wound and to prevent infection, thereby speeding up the wound healing process.

A number of studies on the dressing of diabetic wounds with nanofibres.can be found in the literature. For
instance, Cam et al. conducted a study on nanofibrous scaffolds loaded w\ith antidiabetic agents while
Samadian et al. conducted a study on nanofiber dressings designed for diabetic foot ulcers. Both studies
showed positive results in the development of diabetic wounds [15, 16].

The healing of wounds in diabetic patients is much more.difficult due to the weakened defense system of
the patients, and the care of the wounds is very important. For t?\is reason, a synergistic effect with both
antimicrobial and anti-inflammatory properties is .aimed by using AMX and SA together. Thanks to the
structural properties of nanofibers, the surfaces.obtained will support the proliferation of cells and tissue
regeneration by healing.

We have selected PVA as a matrix materiakin this study, which is a synthetic, hydrophilic, biodegradable,
biocompatible, and environmentallyfriendly polymer, harboring high tensile strength, flex resistance, heat
sealing, and moisture permeability [17, 18]. In addition, anticoagulants, commonly known as blood
thinners, prevent clots from.forming .and the growth of clots in blood vessels. It is the most well-known
anticoagulant of SA. The compound is a monohydroxybenzoic acid with lipophilic properties and a
crystalline structure/ It dissolves:in water, displays analgesic and anti-inflammatory properties, and shows
minimal interaction with other drugs [19, 20]. Another essential feature of wound dressings is to protect
the wound against.infections, which could evolve into severe clinical forms because of the weakened
immune system of diabetic patients. To achieve this, we have incorporated the non-toxic penicillin

antibiotictAMX into our patches [21]. The electrospinning method was used to create nanoscale fibres,
4
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1
2 which can be used as wound dressings. The aim of these nanofibers formed a structure similar to the
3

‘5‘ extracellular matrix (ECM) and created a porous structure for cell placement, migration, and nutrient and
6

; oxygen exchange.

8

9

10

11 2. Materials and Methods

2.1. Materials

12 PVA (molecular weight = 89000-98000, hydrolysis degree 99%-+) was provﬁed by Sigma Aldrich (USA).
18 AMX (96%) was bought from Acros Organics, and SA was provided by. Abdi Ibrahim Pharmaceuticals.
Tween 80 and Glutaraldehyde (25% solution in water) were purchased from Merck KGaA, Darmstadt,
>3 Germany.

25 2.2. Preparation and characterisation of the solutions

In the first step, 13 weight percent PVA was dissolved in 20 mL of distilled water at 80 degrees Celsius
30 and 300 revolutions per minute using a magnetic stirrer. Once complete dissolution had been achieved,
32 the solution was cooled down to room temperature. Functional surfaces were obtained by adding 20 mg
34 of SA (C7Hs03) and 20 mg of AMX (C16H1eN30sS) into the 13wt.% PVA solution, which was then mixed
on the magnetic stirrer until the drugs-had dissolved. Tween 80 was added for surface tension reduction
39 and for the production of beadlessmnanofibres, which were the result of the addition of Tween 80 to the
41 PVA solution.

The physical properties‘of the prepared solutions were determined by measuring their density, electrical
46 conductivity, surface tension; and viscosity values. Electrical conductivity was detected using the Cond

48 3110 SET 1 WTW (Germany), the surface tension was measured with the tensiometer Sigma 703D

Attention (Germany), and viscosity values were measured with the DV-E Brookfield Ametek (USA) device.
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2.3. Fabrication of drug-loaded patches with the electrospinning method

The electrospinning process comprises three main components: the syringe pump system (supply unit),
power supply and collector. In the electrospinning process, it is essential to optimise the flow rate, voltage
and distance between the collector and the needle. A laboratory-scale electrospinning.machine (Inovenso,
Istanbul, Turkey) was used to produce drug-loaded nanofibres. During electrespinning (as shown in Figure
1), we utilized a syringe pump (NE-300, New Era Pump Inc., USA),.a single brass needle (1.63 mm
diameter) and a power supply. Polymer solutions were prepared and insert;:i into 10 mL syringes. After
that, we adjusted the flow rate and voltage values to 2 mL/h and 28 kV, respectively. We removed the
greaseproof paper from the collector after production wascompleted. As a final step, crosslinking was
performed with a crosslinker that links the polymer chains.together and provides the formation of a three-
dimensional network structure. Glutaraldehyde (GA), which is ve?y effective in stabilising biomaterials and
is therefore frequently used, was used as the crosslinking agent for this process. It was used to crosslink
the nanofiber patches as a vapour. The patches were placed in the desiccator and kept at 40°C for two
hours and then, after cross-linking, left to dry overnight at room temperature.

2.4. Physico-chemical characterisation of.the nanofiber patches

The functional groups of components and bond structures were determined by FTIR (Jasco FT/IR-4700)
analysis. The transmission modewas ;adjusted between 4000 cm™ and 450 cm™. The study was
performed at room temperature (23 °C).

Thermal transition points were analysed for all patches using differential scanning calorimetry (DSC). The
temperature range was set between 25°C and 300°C for each patch, with a selected heating rate of 10°C
per minute.

The scanningrelectron/microscope (SEM) was used to examine the surface and cross-sectional structures
of the nanofiber patches. The patches were coated with gold and then analyzed for morphology using

SEM(EVO.LS 10, ZEISS).
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In the drug release test, firstly, the linear calibration curves of the drugs were determined by measuring
the absorbance values of 5 different concentrations of drugs (0.2, 0.4, 0.6, 0.8, and Z'ug-mL1), Release
studies were started after determining the characteristic curve and specific wavelength of the drugs. The
nanofiber patches loaded with 5 mg AMX and SA were prepared and placed in eppendorf tubes containing
1 mL of phosphate-buffered saline (PBS, pH: 7.4) solution. The sample tubeswere incubated in a thermal
shaker at 37°C and 300 rpm. Measurements were taken at 15, 30, and 60 min time intervals with UV-
Visible Spectrophotometer, and samples were refreshed with PBS after eac;measure.

The mechanical properties of the nanofiber patches were examined using.a uniaxial tensile testing device
(Shimadzu Corporation, EZ-LX, Kyoto, Japan). Before the test, the patches were cut to dimensions of 5
cm in length and 1 cm in width. The thickness values.of the patches were measured using a digital
micrometer (Mitutoyo, USA). The test parameters were set to a t;st speed and load cell of 5 mm/min and
5 kN, respectively.

2.5. Biological evaluation of the nanofiberpatches

The viability of L929 fibroblast cells. (CCL-1; ATCC, Rockville, Md., USA) on nanofiber patches was
quantitatively determined by the MT T test (4x10* cells per well) for 1, 3, and 7 days. After incubation
(37°C, 5% CO2), the culture mediumwas discarded, and the patches were washed three times with PBS
solution. A volume of 90 pl fresh'medium and 10 pl MTT solution (5 mg/mL in PBS solution) were added
into the 96 well-plate and _incubated,at 37°C, in a 5% CO2 atmosphere for 3 hours. Following this, the
samples were transferred to clean plates. 200 pl of DMSO was added to dissolve the formazan crystals
and the resulting suspensionwas.incubated for 1 hour. Finally, the measurement of the absorbance values
was conducted at 540 nm'with a microplate reader.

Cell attachment and proliferation on the nanofiber patches were visualised using fluorescence microscopy.

The nanofiber patches were collected 1, 3, and 7 days after culture, and washed thrice with PBS solution.
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The cells were fixed on or within the materials using 4% paraformaldehyde for 30 minutes, stained using
DAPI solution, and then stored in the darkroom for 10 minutes.

The growth medium was removed from the plate for the SEM analysis, and all.patcheswere fixed with 4%
glutaraldehyde. Then the patches were dehydrated with diluted ethanol (70%)»and dried at room
temperature. Prior to the SEM analysis, the dried patches were coated withsAu fora period of 60 seconds
at a voltage of 10 kV.

~

The antibacterial activity of the drug-loaded nanofiber patches was.tested against the gram-positive
Staphylococcus aureus (ATCC 29212) and the gram-negative Escherichia coli (ATCC 25922) strains.
Before the test, the bacterial strains were cultured overnight to get fresh cultures from standardised
bacterial suspensions with 0.5. The MacFarland density.was determined. Bacterial suspensions were
inoculated onto Mueller-Hinton agar plates using an automated.plate inoculator. Prior to the test, 5 mm
diameter round nanofiber patches were acquired and sterilised under UV light for one hour. A paper filter

disk impregnated with 2 uyg AMX was used as;control, and then the disks were cultured at 37 °C for 18 h.

The zones of growth inhibition were measured subsequent to the experiment.

3. Results N

First of all, the concentration, viscosity, conductivity and surface tension of the solutions were investigated.
Accordingly, the average.densities, were found 1.038, 1.087, 1.052, and 1.048 g/cm3; electrical
conductivities were found, 706.0, 646.0, 631.7, and 609.3 uS/cm; surface tensions were found 35.86,
35.38, 37.74, and 37.36.mN/m; viscosities were found 9760, 7030, 7875, and 7223 mPa.s for crosslinked
13wt.% PVA, 13wt.% PVA+AMX, 13wt.% PVA+SA, and 13wt.% PVA+AMX+SA solutions, respectively
(Table 1).

The FTIR analysis was performed to examine the chemical interactions of the obtained matrices, and

Figure 2:showed that spectrums of crosslinked 13wt.% PVA (A, a), AMX (A, b), SA (A, c), crosslinked
8
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13wt.% PVA+AMX (A, d), crosslinked 13wt.% PVA+SA (A, e), and crosslinked 13wt.% PVA+AMX+SA (A,
f) matrices. The FTIR analysis investigated the chemical interactions between the drugs and the polymer
matrix. Figure 2A presents the FTIR spectra. The peaks observed at ~3279.4 cmit (O-H stretching),
~2905.2 cm™ (CH2 asymmetric stretching), ~1417.4 cm™ (C=0 carbonyl stretehing);~1323.9 cm™ (C-H
bending vibration of CHz), ~1140.7 cm™ (C-H deformation vibration), ~1086.7 em™ (C-O stretching of
acetyl groups), and ~832.1 cm™ (C-C stretching) detected for crosslinked.13wt.% PVA (Figure 2 (A, a)
[22, 23]. Figure 2A (b, c) showed the FTIR spectrums of the pure AMX and\SA, respectively. The main
peaks for AMX were detected at 1774.4 cm™, 1685.7 cm™, 1577.7 cm7%,1485.1 cm™, and 1249.8 cm™.
SA had main peaks at 1652 cm™, 1483 cm™, 1444 cm™, 1296 em™,/and 669 cm™ [24]. Figure 2 A (d, e,
f) showed the FTIR spectrums of the crosslinked 13wt.%. PVA+AMX, crosslinked 13wt.% PVA+SA, and
crosslinked 13wt.% PVA+AMX+SA nanofiber patches and thes; peaks were almost the same with the
crosslinked 13wt.% PVA indicated that drugs were hemogeneously distributed in the PVA matrix.

Figure 2B showed DSC thermographs that give.information about the amount of energy changing with the
temperature investigated of pure drugs, and Figure 2C showed DSC thermographs of crosslinked 13wt.%
PVA (C, a), crosslinked 13wt.% PVA+AMX\(C, b), crosslinked 13wt.% PVA+SA (C, c¢), and crosslinked
13wt.% PVA+AMX+SA (C, d) matrices. The glass transition temperatures (Tg) of the pure drugs were
found at 100 °C and 142 °C for AMX and SA, respectively. The Tq values of the nanofibers were found at
122 °C, 210 °C, 205 °C, and.207.°C for crosslinked 13wt.% PVA, 13wt.% PVA+AMX, 13 wt.% PVA+SA
and 13 wt.% PVA+AMX+SA, respectively.

SEM was utilized for visualization of the produced nanofibers and measurement of their diameters was
conducted. The analysis®was performed prior to crosslinking (Figure 3), and later repeated after
crosslinking(Figure.4)to evaluate the impact of crosslinking on both the morphology and the diameter of

the fibers. The average nanofiber diameters of 13wt.% PVA (a), 13wt.% PVA+AMX (b), 13wt.% PVA+SA
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(c) 13wt.% PVA+AMX+SA (d) surfaces before crosslinking were 0.35 pm, 0.39 pym, 0.49 um, 0.48 um;
after crosslinking were 5.05 um, 4.87 ym, 5.41 um, 4.95 um, respectively.

Drug release profiles of AMX and SA drug loaded 13wt.% PVA nanofiber matrices were evaluated by UV-
Visible Spectrophotometer (Figure 5). Calibration curves of AMX and SA wereobtained (Figure 5 (a, b)),
absorbance graphs were created (Figure 5 (c, d)), and cumulative drug releases from nanofiber surfaces
were examined (Figure 5 (e, f)). It was observed that the drugs were released within one hour.

Table 2 presents the tensile strength and strain at break values of nanofibers,\which were measured using
a uniaxial tensile testing device. Based on the results, the 13wt.% PVA had 4.31 = 0.22 MPa tensile
strength value and 34.03 £ 9.55% strain at break value. By the addition of AMX into the 13wt.% PVA, it
was obtained that tensile strength value increased to 16.64 +2.12 MPa and elongation value increased
to the value of 51.58 + 6.57 %. On the other hand, the téensile s’trength value decreased to the value of
12.91 + 1.54 MPa and elongation percentage increased to the 58.89 + 3.25% with the addition of SA. The
13wt.% PVA+AMX+SA had the 17.48 + 327'MPa tensile strength and 57.29 £ 18.02% elongation values.
Figure 6a demonstrates the cytocompatibility with MTT, indicating that the crosslinked 13wt.% PVA
resulted in a cell viability of approximately 65% on day 1, and this ratio decreased to approximately 40%
on days 3 and 7. These ratios wererapproximately 65% on day 1, 75% on day 3, and 95% on day 7. For
the crosslinked 13wt.% PVA+AMX.matrix, it was observed that it was approximately 60% on the 15t day,
approximately 50% on the 3" day;.and approximately 55% on the 7" day. The main matrix with crosslinked
13wt.% PVA+AMX+SAdcontent showed approximately 105% on the 1%t day, approximately 100% on the
3" day and approximately 145%. on the 7" day. Figure 6b shows images of cells on nanofibre patches
taken with a fluarescence'microscope, while SEM images (Figure 7) were used to observe cell growth on
nanofibre matrices:

As seen in Table 3, E.coli (ATCC 25922) strain showed 0 mm inhibition diameter on all nanofiber surfaces.

S.faureus (ATCC 29213) strain showed an inhibition zone of 12 mm with crosslinked 13wt.% PVA+AMX
10
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and 6 mm with crosslinked 13wt.% PVA+AMX+SA; did not show an inhibition zone for crosslinked 13wt.%

PVA and 13wt.% PVA+SA nanofibers.

4. Discussion

The physical properties of the solutions depend on concentration, viscosity, conductivity, and surface
tension; therefore in mixed solutions, when changing one parameter, other parameters can be affected
[20, 21]. Table 1 shows that the density and surface tension values.did n:t change significantly when
drugs were added to the 13 wt% PVA solution. Only a slight decrease in surface tension was observed
with the addition of AMX. An increase in surface tension was observed with the addition of SA. Adding
AMX and SA together preserved the increase in surface.tension caused by SA. The addition of SA had a
greater effect on reducing the electrical conductivity value of t.he pure PVA solution compared to the
addition of AMX. Combining AMX and SA resulted in.a synergistic effect that reduced the value. Despite
the decrease in electrical conductivity dueto'drug addition, the value remained adequate for the formation
of nanofibers. The addition of AMX and SA decreased the viscosity values, with AMX having a greater
impact. The addition of SA alone to the solution resulted in a lower reduction in viscosity compared to the
addition of AMX. The addition of AMX considerably altered the viscosity, but its combination with SA
reduced this value once again.

The FTIR spectrums that were performed to examine the chemical interactions between the drugs and
the polymer matrix weré given in Figure 2A. The main peaks for 13wt.% PVA observed at 3279.4 cm™,
2905.2 cm™ , 14174 cm™, and:1086.7 cm™ (Figure 2 (A, a)). The main peaks for AMX (Figure 2 (A, b))
were detected at 1774.4em™, 1485.1 cm™, and 1249.8 cm™L. These peaks were additionally detected for
13wt.% PVA+AMX.and 13wt.% PVA+AMX+SA (Figure 2A (d, f)) crosslinked nanofibers. The SA (Figure

2 (A, c)) had:main peaks at 1652 cm™, 1296 cm™, and 669 cm™ [25]. The Figure 2A (f) showed the FTIR

11
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spectrum of the crosslinked 13wt.% PVA+AMX+SA nanofiber patch and these peaks were almost the
same with the crosslinked 13wt.% PVA.

PVA is a synthetic semi-crystalline polymer that thermally degrades over 200 °C andthen crystallises from
a molten state very rapidly, preventing the inconvenience of obtaining a completely.amorphous polymer
[26]. The DSC results of pure drugs and nanofiber patches were shownsin Figure 2B and Figure 2C,
respectively. The glass transition temperatures (Tg) of the pure drugs were found at 100 °C and 142 °C
for AMX and SA, respectively, and also pure PVA nanofiber was found at?22 °C. The incorporation of
drugs raised the glass transition temperature (Tg) significantly above 200 °C. Furthermore, there was no
noticeable variation between the impact of AMX and SA on the Tg value. Although there were some shifts
in the peaks, the distinctive peaks of the pure drugs were not prominently observed on the nanofiber

@

patches.

The Figure 3 showed the non-crosslinked 13wt.% PVA, 13wt.% PVA+AMX, 13wt.% PVA+SA, and 13wt.%
PVA+AMX+SA nanofiber patches, respectively. All patches exhibited homogeneous and beadless
structures. The distributions of the diameters of the patches are shown in Figure 3. The average diameters
were found 350+0.16 nm, 390+0.17+nm, 490+£0.16 nm, and 484+0.18 nm for 13wt.% PVA, 13wt.%
PVA+AMX, 13wt.% PVA+SA, and«13wi:% PVA+AMX+SA, respectively. These results showed that drug
addition increased the thickness 'of the fiber diameters. Another study showed similar results after adding
SA into the 13wt.% PVA [27]. This may be a result of the adhesive structure of the SA. However, AMX
addition did not result inra significant increase in the diameter of the nanofibers. Owing to the fact that
PVA dissolves swiftly in water, crosslinking is essential for maintaining its consistency. As shown in Figure
4, no significantchange or deterioration occurred in the morphologies of the nanofibers after cross-linking.
Nevertheless; an increase in the diameter of the fibres was observed. The average diameters, after

crosslinking, were found 5.05+1.33, 4.87+1.26, 5.41+1.22, and 4.95+1.53 um for crosslinked 13wt.% PVA,

13wt.% PVA+AMX, 13wt.%PVA+SA, and 13wt.% PVA+AMX+SA nanofibers, respectively.
12
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The drug release behaviours of the AMX and SA from the crosslinked 13wt.% PVA manofiber patches
were observed separately. Figures 5a and 5b presented the calibration curve ofsthe,AMX<and SA,
respectively, and the Figure 5c and 5d displayed the absorbance graphs of the AMX and SA which were
obtained at 230 nm and 208 nm, respectively. The cumulative release graph of AMX from the nanofiber
patches is shown in Figure 5e. It indicates that the drugs were completely released.within one hour. Figure
5f shows the exact release behaviour for SA. According to previous studies.[18, 28], PVA's water-soluble
nature leads to rapid drug release. Increasing PVA concentration leadsto ra\pid drug release. To achieve
sustained drug release, necessary for chronic wounds, PVA must be effectively crosslinked with either
glutaraldehyde or UV. In this study, PVA was used, resultingdn the drugs being released in a burst manner.
Both drugs showed burst release behaviour. This accomplished the goal of PVA degrading rapidly and
releasing the drug for wound healing applications. y

The flexibility and strength of the nanofibers are alseessential features for wound dressings. The tensile
strength and elongation at break (%) valuesrof.all the nanofiber patches were given in Table 2. PVA is
100% water-soluble and has high tensile strength, high flexural resistance, good heat sealing, and good
moisture permeability [29]. Because of‘its many advantages, this polymer was chosen. As seen in Table
2, AMX addition into the nanofiberpatehes increased the tensile strength and elongation at break values,
making the nanofibers more durable and flexible. Similar to AMX, SA also increased tensile strength and
elongation at break values. However, SA addition decreased the tensile strength value from 16.64 + 2.12
to 12.91 + 1.54 MPa, although it increased the elongation at break more than AMX. Adding SA resulted in
reduced mechanical properties compared to AMX. SA may reduced the strength by causing a weakening
in the interactions between the polymer chains. It also increased the average fiber diameter, as seen in
Figure 3. In thestudy of Pant et al., they observed that by adding SA into the PU, the mechanical properties

increased, and the highest strength was found for 10% SA addition. The tensile strength and elongation

values (17:48 + 3.27 MPa and 57.29 + 18.02 %, respectively) suggested that the nanofibers containing
13
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both AMX and SA have enhanced features, probably due to a good interactions of AMX and SA both
between them and with PVA matrix.

Biocompatibility is a critical feature for supporting wound healing structures. The nanofiber surface should
not be cytotoxic and should simultaneously support cell adhesion and migration to the appropriate region
and their local proliferation [30]. The cytocompatibility of the obtained patches were evaluated by the MTT
assay, and the results were shown in Figure 6a. The viability of the cells.on the crosslinked 13wt.% PVA
nanofiber decreased from day 1 to 7, similar to the crosslinked 13wt.% PVA:SA. The viability of the cells
cultured on the crosslinked 13wt% PVA+AMX nanofibers increased towards the seventh day. The viability
increased by 10% on the first day and then showed a slight' drop.on the third day, followed by a 50% on
the seventh day. In addition, it has been noticed that_the crosslinked 13wt.%PVA+AMX+SA provided
higher viability compared to the control group. y

The MTT results were confirmed via fluorescence microscopy examination. The distribution of DAPI-
stained cells on the nanofiber patches was depicted in Figure 6b. Despite the decrease in cell density on
day 3, it recovered and exceeded the.initial level'by day 7. The cell density on the AMX loaded nanofiber
patch after 7 days of culture was higher than.the density of cells after 1 day of culture.

The morphology of the cells grownronspancfiber patches is depicted in Figure 7, after 1, 3 and 7 days of
culture. It could be noticed that the dendritic fibroblast structure is more well preserved in the case of cells
adhered to the crosslinked.13wt.% PVA+AMX and crosslinked 13wt.% PVA+SA nanofibers. In the study
of B. Pant et al., SA was added to the solution of the Polyurethane (PU) at different concentrations (5%,
10%, and 15%). According to their results, the cell proliferation was higher for SA added PU nanofibers
than PU nanofibers after'®, 3, and 6 days of incubation. At the end of the 6™ day, the viability of the cells

reached the highest.level [28]. In our study, after 7 days of incubation, cells grown on the AMX and SA

loaded patches showed much higher viability than crosslinked 13wt.% PVA nanofiber.

14
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The drug-loaded nanofiber patches were evaluated for their antimicrobial activity against strains of S.
aureus and E. coli. A summary of the bacterial growth inhibition zones of the patches'and the,control of
the antibiotics is shown in Table 3. The results showed that the crosslinked 13wt.% PVA+AMX and 13wt.%
PVA+AMX+SA patches showed antibacterial activity against S. aureus, as revealed by»the growth
inhibition zone diameter of 12 and 6 mm, but not against E. coli. Thus, the.ebtained could prevent wound
contamination with gram-positive bacteria, which is an important result,.taking into account that S. aureus
is a frequent contaminant of the skin and external surfaces, often in the etioBgy of wound infections. The
antibacterial activity of Core-shell silk/PVA nanofibers was studied by N. ©Ojah et al. They showed that the
addition of AMX resulted in antibacterial activity against S. aureus.and E. coli [31]. B. Pant et al. conducted
a study where they fabricated SA/PU composite nanofibers. They discovered that the PU surface by itself
did not have any antibacterial effect. Instead, surfaceswith varyirTg concentrations of SA were found to be
effective against both S. aureus and E. coli. According to [28], the antibacterial activity of the surfaces
increased with increasing SA concentration.

5. Conclusions

This paper reports the fabrication and biological properties of AMX and SA loaded PVA nanofibers
designed for chronic, diabetic wound management. The main reason for using AMX and SA together on
the wound dressing surface is thatit Iis desired to have both antimicrobial and anti-inflammatory properties
on the surface. The reason.for this.is that the wound dressing both prevents the healing in the wound area
from being negatively affected by harmful microorganisms and reduces pain and inflammation in the area.
Therefore, a wound dressing with multiple functions has been acquired. The SEM images showed that
the uniform, smooth, and"beadless structures were obtained with electrospinning technique. The FTIR
results indicate that.drugs were homogeneously distributed into the crosslinked 13 wt.% PVA. According
to the drug release profiles, AMX and SA are released completely after one hour. The patches loaded with

AMX and:SA showed antibacterial activity against S. aureus. The materials were not found to be cytotoxic
15
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and they supported fibroblast cell proliferation, which can stimulate wound closure. €ollectively, these
results indicate that drug-loaded cross-linked 13% w/w PVA nanofibres have potential for use in the
development of innovative wound care products.
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Table 1. Physical characterization results of the solutions.
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Density Electrical Surface
Solutions (g/cm?3) conductivity tension
(uS/cm) (mN/m)

Viscosity
(mPa.s)

oNOYTULT D WN =

13wt.% PVA 1.038 706 +6.25 35.86 +1.2 9760

12 13wt.% PVA + AMX 1.087 646 £ 3 35:38 + 1.38 7030

16 13wt.% PVA + SA 1.052 631.7 £ 5.7 37.74 £0.57 7875

20 13wt.% PVA + AMX + SA 1.048 609.3 2.1 37.36 £ 0.66 7223

28 Table 2. The tensile test results of the nanafiberpatches.

Filders Tensile strength Strain at break
33 (MPa) (%)

36 13wt.% PVA 431+0.22 34.03 +9.55
37 N
40 13wt.% PVA+ AMX 16.64 +£2.12 51.58 +6.57

44 13wt.% PVA + SA 1291 +1.54 58.89 + 3.25

13wt.% PVA + AMX + SA 17.48 £ 3.27 57.29 +18.02

Table3»The antimicrobial activity results of the nanofiber patches.
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S. aureus E.coli
ATCC 29213 ATCC 25922
Fibers Inhibition zone Inhibitionzone

(mm) (mm)

13wt.% PVA 0 0
~
13wt.% PVA+AMX 12 0
13wt.% PVA+SA 0 0
13wt.% PVA+AMX+SA 6 0
TS

Ampicillin (10 pg)* 15 17

* Discs containing antibiotics used for positive control

Figure Captions

Figure 1. The schematic representation of the nanofiber fabrication stages.

Figure 2. The FTIR spectrums ofithe drugs and nanofiber patches (A): 13wt.% PVA (A, a), AMX (A,
b), SA (A, c), 13wt.%.PYA+AMX (A, d), 13wt.% PVA+SA (A, e), and 13wt.% PVA+AMX+SA (A, f);
The DSC thermographs.of the pure drugs (B) and nanofiber patches (C): 13wt.% PVA (C, a), 13wt.%
PVA+AMX (C, b){13wt.% PVA+SA (C, c), and 13wt.% PVA+AMX+SA (C, d).

Figure 3. The SEM images, of the 13wt.% PVA (a), 13wt.% PVA+AMX (b), 13wt.% PVA+SA (c),
and 13wt% PVA+AMX+SA (d) nanofiber patches before cross-linking.

Figure 4. The.SEM images of the 13wt.% PVA (a), 13wt.% PVA+AMX (b), 13wt.% PVA+SA (c),

and 13wt.% PVA+AMX+SA (d) nanofiber patches after cross-linking.
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Figure 5. The drug release profiles of the AMX and SA from the 13wt.% PVA matrixsThe calibration
curve of the AMX (a), absorbance graph (c), and cumulative release graph of'the, AMX/from the

patches (e). The calibration curve of the SA (b), absorbance graph (d), and cumulative release graph

oNOYTULT D WN =

9 of the SA from the patches (f).

N Figure 6. The viability percentages of the fibroblast cells on thewnanefiber patches (a) and
fluorescence images of the cells on the nanofiber patches (b) after 1,3, and 7 days of incubation.
12 Figure 7. The SEM images of the fibroblast cells on the nanofiber p;tches after fixation: 13wt.%

18 PVA (a, b, c), 13wt.% PVA+AMX (d, e, f), 13wt.% PVA+SA (g, h)i), and 13wt.% PVA+AMX+SA (j,

20 K, 1).

-Salicylic acid

"‘Amoxicillin

Rotating collector /

30 Fced'ing
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Drug loaded nanofiber

l

Characterization tests

Conftrol panel

40 Electrospinning device

Figure 1.
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