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Abstract
This study aimed to fabricate nanofibrous scaffolds which could biomimic the natural extracellular matrix
from aqueous solutions of silk fibroin and hyaluronic acid blends (SF/HA) by means of electrospinning.
Scanning electronic microscopy results indicated that electrospun SF/HA nanofibers were ribbon-shaped
and their average width obviously decreased with the increase of HA content. However, there is no fiber
observed when the volume of HA further increased to 50% of overall volume. After being treated with 75%
ethanol vapor for 24 h, the fibers still remained their fibrous morphologies and presented good capability
of water-resistance. Fourier transform infrared attenuated total reflectance spectroscopy, 13C-CP-MAS nu-
clear magnetic resonance and differential scanning calorimetry results revealed that HA did not induce SF
conformation from random coil to β-sheet. SF conformation converted from random coil to β-sheet after
being treated with 75% ethanol vapor. Cell viability studies demonstrated that SF/HA nanofibrous scaffolds
significantly promoted cell proliferation. Electrospun SF/HA nanofibers may provide an ideal biomimic
tissue-engineering scaffold or vehicle for water-soluble drugs.
 Koninklijke Brill NV, Leiden, 2011
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1. Introduction

One of the most significant objectives in tissue-engineering research is to design and
obtain scaffolds with the capability of biomimicking the natural extracellular matrix
(ECMs) from chemical composition, physical structure and biological functions
[1, 2]. Natural extracellular matrix (ECM) is composed of a cross-linked porous
network of multifibril collagens with diameters ranging from 50 to 500 nm and
embedded in glycosaminoglycans [3, 4]. In order to mimic the porous structure of
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natural ECMs, electrospinning was applied to produce nanofibrous scaffolds from
biodegradable polymers [5, 6].

Electrospinning utilizes electric force to drive the spinning process and produce
fibers from polymer solutions or melts. This technique has been used as an efficient
processing method to manufacture fibers with nanoscale diameters. Meanwhile,
electrospun nanofibrous scaffolds have inherently high porosities and surface-area-
to-volume ratios, and resemble the topographic features of the ECMs to encourage
cell adhesion, proliferation or differentiation [5]. Many biodegradable synthetic
and/or natural polymers have been electrospun into nanofibrous scaffolds for vari-
ous tissues repair and regeneration, such as bone, cartilage, vascular blood, nerve,
skin and bladder [2, 6–8].

Silk fibroin (SF) is an attractive natural fibrous protein for biomedical applica-
tions due to its unique properties, including good biocompatibility and biodegrad-
ability, low inflammatory response and commercial availability at relatively low
cost [9, 10]. For tissue engineering applications, SF has been successfully explored
for application in scaffolds of skin, bone, cartilage, vascular blood and never repair
[11, 12]. Hyaluronic acid (HA) is a linear polysaccharide consisting of alternating
disaccharide units of (1,4)-linked α-D-gluconic acid and (1,3)-linked β-N-acetyl-
D-glucosamine. As one of the main components of the ECM, it is conducive to
maintaining the architecture and visco-elastic properties of tissue and modulat-
ing cell functions such as adhesion, migration and proliferation [13]. Because of
excellent biocompatibility and biodegradability, HA and its derivatives have been
extensively used in biomedical areas including serving as tissue-engineering scaf-
folds, wound dressings, drug-delivery systems and implant materials [7]. Recently,
SF/HA cardiac patches and freeze-drying porous scaffolds have been developed
that enhance human mesenchymal stem cell growth [14, 15]. Electrospun SF/HA
nanofibrous scaffolds may be ideal materials for tissue engineering due to their
ability to biomimick ECM from components to architecture.

SF has been electrospun with spinning solvents such as hexafluoro-2-propanol
(HFIP) [16, 17], hexafluoroacetone (HFA) [18], formic acid [19] and water [20].
In our previous study, nanofibers were successfully fabricated by electrospinning
from the aqueous solutions of SF, and the resultant SF nanofibrous mats showed
good cyctocompatibility to animal cells [21]. However, because of the high viscos-
ity and surface tension of an aqueous HA solution, electrospinning of HA aqueous
solution is very difficult. Um et al. [22] fabricated nanofibrous mats from HA aque-
ous solutions by a new electro-blowing process using the combination of air-flow
and electrospinning techniques. Water is an ideal solvent for both fabrication pro-
cesses and biomedical applications of the scaffolds. The electrospinning of aqueous
solutions not only avoids the presence of a trace of toxic organic solvents or acids
in electrospun scaffolds to affect cell growth, but also is beneficial in fabricating
functional nanofibrous scaffolds containing water-soluble materials, such as vari-
ous growth factors, water-soluble vitamin and water-soluble drugs.
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In the present study, SF/HA nanofibrous scaffolds were successfully fabricated
from their aqueous solutions via electrospinning. The morphology and structure of
the electrospun nanofibers and the nanofibers treated with 75% ethanol vapor were
also investigated. To assess the cytocompatibility and cells behavior on electrospun
scaffolds, interaction between electrospun SF/HA nanofibrous scaffolds and pig
iliac endothelial cells (PIECs) was studied.

2. Materials and Methods

2.1. Materials

Cocoons of Bombyx mori silkworm was kindly supplied by Jiaxing Silk. Hyaluronic
acid (sodium salt, Mw = 200 000) was purchased from Dali.

Pig iliac endothelial cells (PIECs) were obtained from institute of biochemistry
and cell biology (Chinese Academy of Sciences). Except specially explained, all
culture media and reagents were purchased from Gibco Life Technologies.

2.2. Preparation of Regenerated SF

Raw silk was degummed three times with 0.5% (w/w) Na2CO3 solution at 100◦C
for 30 min each and then washed with distilled water. Degummed silk was dissolved
in a ternary solvent system of CaCl2/H2O/EtOH solution (1:8:2 mol ratio) for 1 h
at 70◦C. After dialysis through a cellulose tubular membrane (250-7u; Sigma) in
distilled water for 3 days at room temperature, the SF solution was filtered and
lyophilized to obtain the regenerated SF sponges.

2.3. Electrospinning

The regenerated SF sponges and HA were dissolved in distilled water for 30 wt%
SF solution and 4 wt% HA solution, respectively. When they were prepared, the two
solutions were blended at different volume ratios with sufficient stirring at room
temperature before electrospinning. The solutions were placed into a 2.5 ml plastic
syringe with a blunt-ended needle with an inner diameter of 0.21 mm. The needle
was located at a distance of 15 mm from the grounded collector. A syringe pump
(789100C, Cole-Parmer) was employed to feed solutions to the needle tip at a feed
rate of 0.5 ml/h. A high electrospinning voltage was applied between the needle
and ground collector using a high voltage power supply (BGG6-358, Bmeico). The
applied voltage was 20 kV.

2.4. Characterization

The morphology and diameter of the electrospun fibers was observed with a scan-
ning electronic microscope (SEM, JSM-5600) at an acceleration voltage of 10 kV.
The diameter range of the fabricated ultrafine fibers was measured based on the
SEM images using the image visualization software Image-J 1.34s (National Insti-
tutes of Health) and calculated by selecting 100 fibers randomly observed on the
SEM images.
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Fourier transform infrared attenuated total reflectance spectroscopy (FT-IR–
ATR) spectra were obtained at room temperature on an Avatar 380 FT-IR instrument
(Thermo Electron) in the range 4000–600 cm−1 at a resolution of 4 cm−1.

13C-CP-MAS-NMR spectra of SF scaffolds were obtained on a NMR spectrom-
eter (Bruker AV400) with a 13C resonance frequency of 100 MHz, contact time of
1.0 ms and pulse delay time of 4.0 s.

Thermographs were acquired using a differential scanning calorimeter (DSC,
TA Instruments) from room temperature to 350◦C at a rate of 10◦C/min under a
nitrogen atmosphere. The nitrogen gas flow rate was 40 ml/min.

The surface tensions of the SF/HA blended solutions with different volume ratios
were measured with a surface tension analyzer (BZY, Shanghai Ruifang Instru-
ment). Every sample was measured 3 times.

2.5. Treatment of Electrospun Nanofibrous Scaffolds

SF and SF/HA blended nanofibrous scaffolds were treated with 75% (v/v) ethanol
vapor to induce a β-sheet conformational transition, which results in insolubility
in water. Briefly, 75% (v/v) ethanol vapor-treated samples were prepared by plac-
ing SF and SF/HA nanofibrous scaffolds in a desiccator saturated with 75% (v/v)
ethanol vapor at room temperature for 24 h and then dried in a vacuum at room
temperature for 1 week.

2.6. Cell Viability Assay on Nanofibrous Scaffolds

Pig iliac endothelial cells (PIECs) were cultured in DMEM medium with 10% fe-
tal bovine serum and 1% antibiotic–antimycotic in an atmosphere of 5% CO2 and
37◦C, and the medium was replenished every three days. SF nanofibrous scaffolds
were deposited on circular glass cover slips (14 mm in diameter) for cell study. The
75% ethanol vapor treated nanofibrous scaffolds were placed in 24-well cell-culture
plate with no further sterilization for the cell-viability assay.

Cell viability on electrospun scaffolds and coverslips (control) and tissue cul-
ture plates (TCP) (control) was determined by the MTT method. Briefly, the cell
and electrospun scaffolds, coverslips and TCP were incubated with 5 mg/ml 3-
[4,5-dimehyl-2-thiazolyl]-2, 5-diphenyl-2H-tetrazolium bromide (MTT) for 4 h.
Thereafter, the culture media were extracted and 400 µl dimethylsulfoxide (DMSO)
was added for about 20 min. When the crystals were sufficiently resolved, aliquots
were pipetted into the wells of a 96-well plate and tested by an enzyme-labeled
Instrument (MK3, Thermo), and the absorbance at 490 nm of each well was mea-
sured.

For the proliferation study, endothelial cells were seeded onto fiber scaffolds and
control glass cover slips (n = 3) at a density of 1.43 × 104 cells/well for 1, 3, 5 and
7 days. After cell seeding, unattached cells were washed out with PBS solution and
attached cells were quantified by the MTT method.

After 3 days of culturing, the electrospun fibrous scaffolds with cells (density
1.43×104 cells/well) were examined by SEM. The scaffolds were rinsed twice with
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PBS and fixed in 4% glutaraldehyde water solution at 4◦C for 2 h. Fixed samples
were rinsed twice with PBS and then dehydrated in graded concentrations of ethanol
(30, 50, 70, 80, 90, 95 and 100%). Finally, they were dried in vacuum overnight.
The dry cellular constructs were coated with gold sputter and observed under the
SEM at a voltage of 10 kV.

2.7. Statistical Analysis

Statistical analysis was performed using Origin 7.5 (Origin Lab). Statistical com-
parisons were determined by one-way ANOVA. In all evaluations, P < 0.05 was
considered as statistically significant.

3. Results and Discussion

3.1. Morphology of SF/HA Nanofibers

The SEM micrographs of electrospinning of 30 wt% SF/4 wt% HA blend solutions
with different volume ratios and average widths of nanofibers are shown in Fig. 1.
When the volume ratios of 30 wt% SF/4 wt% HA blend solutions were 10:0, 8:2, 6:4
and 5:5, respectively, ribbon-shaped electrospun fibers were observed. According
to Koombhongse et al. [23], ribbon-shaped fibers are obtained due to the formation
of a thin polymer shell on the surface of the cylindrical fluid jet between the elec-
trodes. The solvent evaporates after shell formation, atmospheric pressure causes
a collapse of the cylindrical jet and the fibers change first into an elliptic and then
into a flat shape. Incomplete fiber drying also leads to the formation of ribbon-like
(or flattened) fibers as compared to fibers with a circular cross section. Meanwhile,
the width of nanofibers gradually decreased with the increase of HA content. When
the volume ratio of SF/HA blend solutions was less than 5:5, continuous fibers did
not appear. Particular to pure HA solution, only beads were produced. As HA is
a polyanionic electrolyte, the unusually high viscosity and the surface tension of
HA hinders the electrospinning process [22]. Figure 2 shows the surface tension of
SF/HA blend aqueous solutions with different volume ratios. Pure HA aqueous so-
lution had an extra high surface tension (68.63 ± 1.14 mN/m). The surface tension
of pure SF aqueous was 43.27 ± 0.15 mN/m. At the beginning, the surface tension
of SF/HA blend aqueous solutions slightly decreased with the increase of HA con-
tent. When the volume ratio was less than 5:5, the surface tension of SF/ HA blend
aqueous solutions gradually increased. This may be one reason that SF/HA blend
solution cannot be electrospun when the volume ratio was less than 5:5. In addition,
the addition of HA to SF solutions could result in an increase of ion strength, which
might produce higher conductivity. Much higher charge density was not beneficial
to electrospinning process. The increased charge density will increase elongation
forces, which exert on the fiber jet to yield a smaller fiber [24]. Therefore, we found
nanofibers width decreased with HA content increasing.

1189K. Zhang et al. / Journal of Biomaterials Science 23 (2012) 1185–1198

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f T

ok
yo

] a
t 1

8:
31

 2
9 

N
ov

em
be

r 2
01

2 



6

Figure 1. SEM images and width of SF/HA blend nanofibers with different volume ratios. (a) 10:0;
(b) 8:2; (c) 6:4; (d) 5:5; (e) 4:6; (f) 2:8; (g) 0:10.

3.2. Post-Treatment of SF/HA Nanofibers

The electrospun SF/HA blend nanofibers are soluble in water. To potentially use
electrospun SF/HA fibers for tissue engineering, post-treatment is necessary. Elec-
trospun pure SF nanofibrous scaffolds were treated with methanol, ethanol or water
vapor to improve stability both in vivo and in vitro [25, 26]. In the experiment, we
used 75% (v/v) ethanol vapor as post-treatment of electrospun SF/HA fibers. Fig-

1190 K. Zhang et al. / Journal of Biomaterials Science 23 (2012) 1185–1198

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f T

ok
yo

] a
t 1

8:
31

 2
9 

N
ov

em
be

r 2
01

2 



7

Figure 2. Surface tensions of SF/HA blend aqueous solutions with different volume ratios. This
figure is published in colour in the online edition of this journal, which can be accessed via
http://www.brill.nl/jbs

Figure 3. SEM photographs of SF/HA nanofibrous scaffolds after treatment with 75% (v/v) ethanol
vapor and being soaked in deionized water for 4 days (a, a′) 10:0; (b, b′) 6:4; (c, c′) 5:5.

ure 3 shows the fiber morphologies of the samples after treatment with 75% (v/v)
ethanol vapor and water-resistance test. Compared with electrospun SF/HA fibers
(Fig. 1), the fiber morphologies showed no significant change after treatment. For
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the water-resistance test, the nanofibrous structure was still preserved after being
soaked in deionized water for 4 days. The results indicated that 75% (v/v) ethanol
vapor can effectively treat electrospun SF/HA fibers. In our experiment, we found
75% (v/v) ethanol vapor treatment processing was also a kind of effective steriliza-
tion approach to SF and SF/HA nanofiber scaffolds. Treated nanofibrous scaffolds
did not need further complicated sterilization processing. Therefore, 75% (v/v)
ethanol vapor treatment was an ideal post-treatment for SF and SF/HA nanofibrous
scaffolds.

3.3. Structure Analyses of SF/HA Nanofibers

SF has characteristic absorption bands at 1650–1660 (amide I), 1535–1545
(amide II), 1235 (amide III) and 669 cm−1 (amide V), attributed to the SF with ran-
dom coil or α-helix conformation (silk I), and characteristic bands at 1625–1640,
1515–1525, 1265 and 696 cm−1, attributed to the SF with β-sheet conformation
(silk II) [27, 28]. Figure 4 shows FT-IR spectra of electrospun SF, electrospun
SF/HA nanofibers before and after being treated with 75% (v/v) ethanol vapor and
raw HA. The electrospun SF showed absorption bands at 1651 (amide I), 1537
(amide II) and 1240 cm−1 (amide III), which were assigned to the SF with random
coil conformation. The raw HA showed absorption bands at 1320, 1048, 1143 and
947 cm−1, which were attributed to the saccharide structure, and at 1612, 1408,
1261 cm−1, which were attributed to carboxylate groups. The band at 1613 cm−1

was assigned to carboxyl (C=O) stretching vibrations, the band at 1408 cm−1 was
assigned to carboxyl (C–O) symmetric stretching vibrations [29].

The electrospun SF/HA nanofibers showed absorption bands at 1648 (amide I),
1533 (amide II) and 1240 cm−1 (amide III). These absorption bands showed no
obvious difference in comparison with electrospun pure SF. The conformation of
SF still existed in random coil or α-helix. The result clarified that HA did not induce
SF conformation from random coil or α-helix to β-sheet. After being treated with
75% (v/v)ethanol vapor, the absorption bands at 1648 (amide I), 1533 (amide II) and

Figure 4. FT-IR–ATR spectra of (a) electrospun SF; (b) raw HA; (c) electrospun SF/HA (6:4); (d) elec-
trospun SF/HA (6:4) after treatment with 75% (v/v) ethanol vapor. This figure is published in colour
in the online edition of this journal, which can be accessed via http://www.brill.nl/jbs
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1240 cm−1 (amide III) shifted to 1630, 1520 and 1234 cm−1, which was attributed
to the SF with β-sheet conformation (silk II). Therefore, 75% (v/v) ethanol vapor
could transform the crystal structure of SF from silk I (soluble in water) to silk II
(insoluble in water).

Recently, solid-state 13C-NMR has been shown to be an effective analytical tool
for demonstrating the formation of β-sheets in polypeptides and proteins due to
the sensitivity of isotropic 13C-NMR chemical shifts of carbon atoms to the sec-
ondary structure. The secondary structure of Bombyx mori SF consists of the major
conformations including random coils or helix (silk I) and β-sheet (silk II) [28].
The β-sheet form can be identified by the 13C chemical shifts of Gly (glycine),
Ser (serine) and Ala (alanine) that are indicative of β-sheet conformations. Partic-
ularly, the chemical shift of alanyl Cβ is an excellent indicator of the silk fibroin
conformation. The literatures reported the chemical shifts in Ala residues of Cβ

within 18.5–20.5 ppm and in Ala residues of Cα within 48.6–49.7 ppm were as-
signed to β-sheet conformation (silk II), the chemical shifts in Ala residues of Cβ

within 14.5–17.5 ppm and in Ala residues of Cα within 49.7–52.6 ppm were as-
signed to random coils or helix (silk I) [30]. The 13C/NMR spectra of electrospun
SF scaffolds, raw HA and electrospun SF/HA scaffolds are shown in Fig. 5A. In the
13C-NMR spectra of pure SF nanofibrous scaffolds, peaks at 172.0, 61.2, 51.0, 16.3
and 42.5 ppm were assigned to carbonyl carbons of SF, Cβ of Ser, Cα , Cβ of Ala
and Cα of Gly [31]. In the 13C-NMR spectra of raw HA, the peaks at 174.4, 102.2,
75.2 and 55.8 ppm were attributed to carbonyl carbons of HA, C1, C4/C5 and C2 of
HA [32]. The 13C-NMR spectra of SF/HA blended nanofibrous scaffolds showed
characteristics chemical shifts of both SF and HA and the chemical shifts of Cα and
Cβ of Ala were 53.8 and 16.4 ppm, which were assigned to random coils or helix

(A) (B)

Figure 5. (A) 13C-NMR spectra of (a) electrospun SF; (b) raw HA; (c) electrospun SF/HA (6:4).
(B) 13C-NMR spectra of (a) electrospun SF and (b) electrospun SF/HA (6:4) nanofibers after being
treated with 75 v/v% ethanol vapor. This figure is published in colour in the online edition of this
journal, which can be accessed via http://www.brill.nl/jbs
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10

(silk I). The results suggested HA did not induce conformation of SF to transform
from random coil to β-sheet structure.

The 13C-NMR spectra of the electrospun SF scaffolds and electrospun SF/HA
scaffolds after treatment with 75% (v/v) ethanol vapor are shown in Fig. 5B. After
treatment with the 75% (v/v) ethanol vapor, the chemical shifts of Cα and Cβ of
Ala were 49.1 and 19.4 ppm, and the peak at 172.3 ppm for carbonyl carbon split
into a doublet in electrospun SF scaffolds. The chemical shifts of Cα and Cβ of
Ala were 48.6 and 19.5 ppm, and the peak at 172.3 ppm for carbonyl carbon split
into doublet in electrospun SF/HA scaffolds, which clearly indicated that 75% (v/v)
ethanol vapor could transform SF conformation from random coil to β-sheet struc-
ture (silk II). Meanwhile, the chemical shifts of Cβ of Ala had different shape of
the peak in SF and SF/HA scaffolds. We calculated the content of β-sheet confor-
mation of SF/HA scaffolds and SF scaffolds after treatment with 75% (v/v) ethanol
vapor. The β-sheet content of SF/HA scaffolds was higher than that of SF scaf-
folds. HA could promote folding of SF from random coil into β-sheet structure in
the presence of 75% (v/v) ethanol vapor.

The thermographs of electrospun SF, electrospun SF/HA nanofibers before and
after treatment with 75% (v/v) ethanol vapor are shown in Fig. 6. The samples
exhibited an endothermic peak at around 80◦C, which was attributed to the evap-
oration of water. For the electrospun SF scaffolds, the appearance of an endother-
mic peak at 178.1◦C was due to the glass transition of amorphous SF. The small
exothermic peak at 232.2◦C was due to crystallization of amorphous SF with the
accompanying conformation transition from random coil to β-sheet [33]. For the
electrospun SF/HA scaffolds, the endothermic peaks at 178.9◦C for the glass tran-
sition of amorphous SF still appeared but no exothermic peak for crystallization of
amorphous SF was observed until the decomposition temperature. This was caused
by HA not inducing SF conformation from random coil to β-sheet. Meanwhile,
the H-bond interaction between HA and SF molecules may hinder folding of SF

Figure 6. The thermographs of (a) electrospun SF; (b) electrospun SF/HA (6:4); (c) electrospun
SF/HA (6:4) after treatment with 75% (v/v) ethanol vapor. This figure is published in colour in the
online edition of this journal, which can be accessed via http://www.brill.nl/jbs
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molecules into β-sheet structure in heat process. For the electrospun SF/HA scaf-
folds treatment with 75% (v/v) ethanol vapor, peaks both for the glass transition and
for crystallization disappeared. The reason was their initial structures were β-sheet.
The samples exhibited endothermic peaks at around 280◦C, which was attributed to
the decomposition of SF. The adding of HA led to a slight decrease of the decom-
position temperature. The thermoanalytical results were consistent with the results
from the NMR and FT-IR characterization studies.

3.4. Viablity Study of Cells on Nanofibrous Scaffolds

ECM consists of a nanoscale fibrous network of proteins and proteoglycans. The
topographical cues of electrospinning naofibers may have significant influence on
cell adhesion and proliferation. To evaluate cell adhesion and proliferation on the
electrospun SF/HA nanofibrous scaffolds. The viability of PIECs on days 1, 3, 5
and 7 after seeding on various nanofiberous scaffolds was studied and shown in
Fig. 7. The nanofibrous scaffolds showed a highly significant increase (P < 0.01)
compared with cover slips on days 1, 3, 5 and 7. The results revealed that all the
nanofibrous scaffolds had greater cell viability in comparison with coverslips. On
day 1, proliferation on SF/HA (6:4) and SF/HA (5:5) nanofiberous scaffolds ex-
hibited a significant decrease (P < 0.05) compared to TCP. However, on days 3,
5 and 7, all nanofibrous scaffolds showed no significant difference as compared to
TCP, and there was no significant difference among different nanofibrous scaffolds.
The results showed pure SF and SF/HA blended nanofibrous scaffolds could greatly
promote cell growth and proliferation.

Cell morphology and the interaction between cells and pure SF and SF/HA
nanofibrous scaffolds were studied in vitro for 3 days, as shown in Fig. 8. It revealed
that PIECs could attach and spread on pure SF, SF/HA with different volume ra-
tios nanofibrous scaffolds. Therefore, SF/HA nanofibrous scaffolds to biomimic the
ECMs might be beneficial to cell growth for tissue-engineering application.

Figure 7. Proliferation of PIECs cultured on SF/HA nanofibrous scaffolds, coverslips and TCP for
1, 3, 5, 7 days. Data are expressed as mean ± SD (n = 3). Statistical difference between groups is
indicated (∗P < 0.05; ∗∗P < 0.01).
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Figure 8. SEM micrographs of PIECs grown on nanofibrous scaffolds for 3 days. (a) 10:0; (b), 8:2;
(c), 6:4; (d), 5:5.

4. Conclusion

HA and Bombyx mori SF are an abundant polysaccharide and protein in nature. To
further biomimic topological structure and chemical composition of natural ECMs,
electrospun nanofibrous scaffolds of SF/HA were fabricated from aqueous solutions
at the first time. Treatment with 75% (v/v) ethanol vapor could not only lead to con-
formation of SF from random coil or α-helix to β-sheet structure, but also become
effective sterilization approach to electrospun SF and SF/HA nanofibrous scaffolds.
Cell behavior on nanofibrous scaffolds demonstrated that cells proliferated well on
the SF/HA nanofibrous scaffolds. For cytocompatibility, though there are no salient
difference as compared to elecrospun SF nanofibrous scaffolds, the addition of HA
could better biomimick the chemical composition than pure SF; therefore, electro-
spun SF/HA nanofibrous scaffolds may be more conducive to tissue regeneration,
Ongoing studies will focus on tissue engineering application or serving as vehicle
for water-soluble drugs.
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