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Abstract: An electro spinning process was used to fabricate silk fibroin (SF) Nano fiber nonwovens for wound dressing applications.
The electrospinning of regenerated SF was performed with formic acid as a spinning solvent. The morphology,
conformational 1 structures of SF with herb extract nanofibers were investigated by scanning electron microscopy (SEM),
Energy dispersive X-ray spectroscopy (EDAX), Fourier transforms infrared spectroscopy (FT-IR), SEM micrograph
showed that the electrospun SF nanofibers had an average diameter of 80nm and a distribution in diameter ranging
from 30 to 120nm.
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1. Introduction

Silk as a typical fibrous protein is produced by a variety of insects including silkworm. Among the native silk proteins, the
silkworm silk, mostly that of the domesticated Bombyxmori, has been used as high-quality textile fiber and suture for a
long time. B. mori silk consists of two types of proteins, fibroin and sericin. Fibroin is the protein that forms the filament
soft silkworm silk and gives silk its unique physical and chemical properties [1]. Sericins are the group of gummy proteins
which bind the fibroin filaments. Silk fibroin (SF) can be used in various forms, such as gels, powders, fibers, or membranes,
depending on application [2-3]. Besides its utility as a textile fiber, many researchers have recently investigated SF as one of
candidate materials for biomedical applications because it has several useful properties including good biocompatibility, good
oxygen and water vapor permeability, biodegradability, and minimal infiammatory reaction [4-5]. Practically, SF has been
used in various fields such as cosmetics, medical materials for human health, and food additives. Recently, much attention
has been paid to electrospinning process as a unique technique because it can produce polymer nanofibers with diameter in
the range from several micrometer down to tens of nanometers, depending on the polymer and processing conditions. In
electrospinning, a high voltage is applied to create electrically charged jets of a polymer solution. These jets dry to form
nanofibers, which are collected on a target as nonwovens. These nanofibers are of considerable interest for various kinds of
applications, because they have several unique properties such as high specific surface area and high porosity. Examples are

fiber membranes for filter applications [6] biomedical applications such as wound dressings and scaffolds for tissue engineering
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[7-8] sensing applications [9-10], and fiber templates for the preparation of functional nanotubes [11-12]. The ultimate aim
of this study is to develop wound dressings composed of the electrospun SF nanofibers. Up to date, some attempts to
artificially spin silk protein fibers have been reported [13-14]. There has also been a preliminary report of electrospun spider
silk nanofibers [15]. In the present paper, we describe how we have adapted the electro spinning process to fabricate an
engineered matrix composed of SF nanofibers with extract of some medicinal herb for use in wound dressings. In addition,

the chemical treatment to crystallize the as-spun SF nanofibers was conducted.

2. Experimental

Preparation of regenerated SF and electro spinning solution raw silk fibers were degummed twice with 0.5 %(w/w) NaHCOg3
solution at 100°C for 30 minutes and then rinsed with warm distilled water. Degummed silk (silk fibroin, SF) was dissolved
in a ternary solvent system of CaCla/CH3CH2OH/H>0O (1/2/8 in mol ratio) at 70°C for 6 hours. After dialysis in distilled
water for 3d, the SF solution was filtered and lyophilizedtoobtain the regenerated SF sponges. The SF solutions of 20wt%
for electro spinning were prepared by dissolving the regenerated SF sponges in 98% formic acid for 3h. The three different
solutions of the samples, they are a) Regenerated silk fibroin solution b) Medicinal herb extract c) Regenerated SF solution

with medicinal herb extract.

2.1. Electrospinning of Solution

In the electro spinning process, a high electric potential was applied to a droplet of SF solution at the tip (ID 0.495 mm) of
a syringe needle, as shown in Figure 1. The nanofibers were collected on a target drum which was placed at a distance of
~7cm from the syringe tip for Regenerated silk fibroin solution, Medicinal herb extract and Regenerated SF solution with
medicinal herb extract separately. A voltage of 15kV was applied to the collecting target by a high voltage power supply.

The flow rate of polymer solution was 1.5mLh~?!.

2.2. Characterization

Scanning electron microscope was used to investigate the macroscopic morphology surface texture for prepared fiber samples.
FTIR spectra of electrospun SF fibers were obtained with a Travel IR in the spectral range of 4000-400cm~'. EDAX

experiments were performed on a different samples UV and XRD experiments also done.

3. Results and Discussion

The regenerated SF solution obtained by dissolving in formic acid was transparent. However, formic acid used for the
preparation of SF solution is a moderate strong acid. Electro spinning general produces then non-wovens of randomly

arranged ultrathin fibers with nanometer scale diameters.

3.1. Fourier Transform Infrared spectroscopy (FTIR)

FTIR has been often applied to study the molecular conformation of silk fibroin films. The FTIR spectra shown in Figure
1 used to determine the structural characteristics of two different samples they are a) Regenerated SF b) Regenerated SF
solution mixed with medicinal herb extract. The secondary structure of B. mori silk fibroin consist of the major conformation
including random Silk Fibroin. Conformation of silk fibroin shows strong absorption bands at 1665 (amide I), 3428cm™*

(amide TT) and 1570cm ™" (amide IIT). Regenerated SF with Herb extract exhibits the spectral peaks of characteristics of 3
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sheet of SF at 1627cm™" and 1700cm ™" (amidel structure) and 1525cm™" (amide2 structure). FTIR of graph (b) slightly

changed compare to (a) because of addition of Herb extract with silk fibroin.
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Figure 1: FT-IR spectra for a) Regenerated SF solution b) Herb extract ¢) SF with herb extract

3.2. UV analysis

An investigation into the influence of UV-irradiation on a) Regenerated silk fibroin solution b) Medicinal herb extract c)
Regenerated SF solution with medicinal herb extract was carried out using UV-Vis and fluorescence spectroscopy shown in
Figure 2. It was found that the absorption peak appears at 250nm for both regenerated silk fibroin solution and regenerated
SF solution with medicinal herb extract absorption peak appears at 340nm for medicinal herb extract of regenerated silk
fibroin in solution increased during UV-irradiation of the sample, most notably between for regenerated silk fibroin solution
and regenerated SF solution with medicinal herb extract and 400nm for herb extract. Moreover, after UV-irradiation a wide
peak emerged between 290 and 340nm with maximum at about 305nm. The new peak suggests that new photoproducts
are formed during UV-irradiation of regenerated silk fibroin. The absorbance peak was observed at 275nm for 305nm, at
480nm and at 601nm after excitation at. UV-irradiation caused fluorescence fading at 305nm and at 601lnm. The increase
of fluorescence was observed at 480nm, probably due to formation of new photoproducts. After excitation at 305nm the

fluorescence of regenerated silk fibroin was observed at 340nm and at 400nm. UV-irradiation caused fluorescence fading at

340nm.
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Figure 2: UV spectra for a) Regenerated SF solution b) Herb extract ¢) SF with herb extract
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3.3. Scanning Electronic Microscope (SEM) Analysis

Figure shows SEM image of the a) Regenerated SF solution b) Regenerated SF solution mixed with Medicinal Herb extract.
Both Nano fibers exhibits a circular cross section with a smooth surface. From the image analysis they have an average
diameter of 80nm and their diameter ranged from 30nm to 120 nm. Image (b) shows that the smoothness of the fibers are

improved and herb extract was filled between fibers.
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(a) Regenerated SF nanofibers (b) SF with medical herb extract
Figure 3:

3.4. XRD Analysis

The SF and SF mixed with medicinal Herb extract Nano fibers showed no obvious 260 peaks. Indicating that SF mixed
with medicinal Herb extract conformation in spun state was mainly random coil. These results were consistent with those
IR—Spectroscopy. This behavior can be explained by a higher surface area of non-wovens composed of SF with SF mixed

with medicinal Herb extract nanofibers.
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Figure 4: XRD graph for Regenerated SF with herb extract nanofibers

3.5. EDAX Analysis

Energy dispersive X-ray spectroscopy (EDAX/EDS) analysis of the Silk Fiber showing the presence of elements like Carbon,
Oxygen. Sodium magnesium, sulfur chloride, Calcium and Iron in both a)Regenerated SF Nano fibers b)Medicinal Herb

extract and ¢) SF with medicinal herb extract nanofibers. The results from domestic silk cocoon viz., Mulberry (Bombyxmori)
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has been documented. The ICP-MS results indicated the presence of C' > O > Na > Mg > S > Cl > Fe, in a decreasing

order of concentrations. The amount of the elements present in this SF reduces the smooth reeling of the silk thread.

4. Conclusion

The electro spinning of regenerated SF with herb extract was performed with formic acid as spinning solvent. The as spun
SF nanofibers had an average diameter of 80nm and their diameter ranged from 20nm to 130nm.we investigated the influence
of the additional medicinal herb extract on the secondary structure of Nano fibers by means of FTIR, EDAX, UV and XRD.
With the help of electro spinning process we can fabricate an engineered matrix composed of SF with Herb Extract Nano
fibers for wound dressing. EDAX shows the elements present in this SF reduces the smooth reeling of the silk thread. In
future we can synthesis a smooth reeling SF by reducing the mineral content in the silk and is to develop a strong smooth

reeling electrospun SF with herb extract nanofibers.
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