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Abstract

Gelatin nanofibers prepared by electrospinning were cross-linked with
glutaraldehyde vapor to improve their water-resistant ability. After cross-linking
treatment, the form of the fibers expressed no substantial change, but the average
diameter of the fibers increased with increasing cross-linking time. The swelling
induced by the moisture during cross-linking process could be moderated when the
cross-linking time reached 45 min. The result of contact angle measurements
displayed that the electrospun gelatin fibers was more hydrophilic than the gelatin
film. Moreover, increasing the cross-linking time did not alter the hydrophilic
properties of the gelatin fibers. Furthermore, cell compatibility was evaluated based
on [3-(4,5-dimethylthiazolyl)-2,5-diphenyltetrazolium bromide] assay, scanning
electron microscope and confocal microscope observations and Western blot
analysis by culturing MG-63 cells on the gelatin flms and gelatin nanofibers. It was
found that nanofibrous structure fabricated by an electrospinning technique could
enhance cell adhesion and proliferation. The aforementioned study displays a
cost-effective simulation of gelatin nanofiber structures and forecasts promising

applications on scaffold preparation for tissue engineering.
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Introduction

Tissue engineering provides an emerging approach for replacing or repairing the function of
damaged or diseased tissues. Scaffold preparation is an important part of medical tissue
engineering, and plays an important role in the guidance of tissue regeneration. An ideal
scaffold should mimic the physical and chemical structure of the native extracellular matrix
(ECM)."* Mammalian cells evolve in vivo in close contact with ECM comprised of fibers,
pores, and ridges with nanoscale features.> Nanostructures such as nanoholes, nanoislands,
nanofibers, and nanoparticles can be introduced to mimic the environment of ECM,
regulating the physiology reaction, and promoting the cell adhesion, proliferation, and
differentiation.*’

Among the various methods of preparing nanostructured scaffolds, electrospinning
provides an effective and simple way to prepared nano- or submicron fibrous scaffolds
similar to the structure of natural ECM.%” Moreover, nanofibrous structure can provide huge
surface areas and appropriate porosity for cell growth. Up to present, a variety of synthetic
polymers (such as polyvinyl alcohol (PVA), polylactic acid, polylactic-co-glycolic acid, and
polycaprolactone) and natural polymer (such as collagen, gelatin, chitosan, and silk fibroin)
have been electrospun as scaffolds for tissue engineering. These researches have
demonstrated that nanofibrous structure formed by electrospinning could promote cell
attachment, proliferation, and differentiation.'*'*

A number of physiological ECM proteins have been used as scaffolds for bone tissue
engineering, such as collagen, hyaluronan and fibrin."> Collagen, the major structural
protein found in ECM of many tissues, is rich in arginine-glycine-aspartic acid (RGD)
sequences and able to promote cell adhesion and proliferation.'® It is widely known that the
RGD sequence refers to particular integrin joint locations of focal adhesion, outside the cell

membrane. In recent years, various researchers have employed gelatin, a partially



hydrolyzed collagen, as a scaffold for tissue engineering application.'”'® Gelatin possesses
the RGD sequences of collagen, making it highly effective in cell adhesion."” Moreover,
gelatin has a lower antigenicity than collagen. However, gelatin degrades rapidly at body
temperature.”” It will reduce its utility as a scaffold in tissue regeneration. Various
cross-linking treatments, including chemical and physical methods, have been proposed to
increase the structural stability of gelatin scaffolds. Physical cross-linking methods such as
dehydrothermal treatment, plasma treatment, ultraviolet irradiation, and y-ray irradiation do
not cause potential harm to cell and tissue, but the desired amount of cross-linking is
difficult to achieve due to the cross-linking occurring only at the surface of the material >
Various cross-inking reagents, including glutaraldehyde, carbodiimides, caffeic acid, tannic
acid, and genipin, have been used to cross-link gelatin to prolong the absorption of the
gelatin in the living tissue.”"**?® Among these cross-inking reagents, most investigators
used glutaraldehyde vapor to cross-linked electrospun gelatin fibers due to its high

efficiency in stabilizing gelatin molecules.*'*"*

Moreover, using glutaraldehyde vapor can
reduce solubility of electrospun gelatin fibers during cross-linking. However,
glutaraldehyde is highly cytotoxic at high concentration. Most studies investigated the
factors influencing the production of electrospun gelatin fibers including spinning

temperature, potential, and concentration of gelatin solution.*'**

Zhang et al. evaluated the
effect of cross-linking time on the water-resistant behaviors of gelatin nanofibers
cross-linked with glutaraldehyde vapor.’ However, the effects of cross-linking time on the
cytotoxicity of electrospun gelatin fibers cross-linked with glutaraldehyde vapor have not
yet been reported upon.

The aim in this study was to (1) prepare gelatin nanofiber scaffolds via electrospinning

process to mimic the structure of the natural ECM, (2) optimize the cross-linking time for

the electrospun gelatin fibers cross-linked with saturated glutaraldehyde vapor to improve



their water-resistant ability and to reduce their cytotoxicity, and (3) evaluate the effect of
nanofibrous structures on cellular response. The effects of cross-linking time on the degree
of cross-linking, morphology, hydrophilicity, swelling, and in vitro degradation of
electrospun gelatin fibers were examined. MTT assay was used to investigate the influence
of cross-linking time on the cytotoxicity of electrospun gelatin nanofibers and gelatin films.
The behavior of cell adhesion to gelatin films and gelatin nanofibers was investigated by
scanning electron microscope and confocal microscope observations and Western blot

analysis to assess how nanofibrous structures influenced cell adhesion.



Materials and methods

Materials
Gelatin (Bloom number 300) and glutaraldehyde were purchased from Sigma-Aldrich
(Saint Louis, MO, USA). PVA (1,400 Mw) was obtained from Showa (Japan). All
chemicals were used without further purification.
3-(4,5-Dimethylthiazolyl)-2,5-diphenyltetrazolium bromide (MTT), mouse monoclonal
anti-B-actin, and anti-mouse IgG conjugated Cy3 were all purchased from Sigma.
Dulbecco's modified eagle medium (DMEM) and fetal bovine serum (FBS) were purchased
from Gibco (Grand Island, New York, USA). 4°,6-diamidino-2-phenylindole (DAPI) was
purchased from Invitrogen (USA). Osteoblast-like MG-63 human osteosarcoma cells
(BCRC no. 60279) were purchased from the Food Industry Research and Development

Institute, Taiwan.

Preparation of electrospun gelatin nanofibers

Gelatin powders were dissolved in formic acid (88 wt%) to form a 17 wt% gelatin solution.
PVA powders were dissolved in heating de-ionized water to form a 10 wt% PVA aqueous
solution. The PVA aqueous solution was then added into the gelatin solution with gelatin/PVA
ratio of 9/1 v/v and the mixture was magnetically stirred for 1 h at room temperature.*® The
solutions were transferred to a plastic syringe fitted with a needle (G22, diameter = 0.41 mm)
and set up in the electrospinning apparatus (SC-80H, Xian Xing Electric Co., Taiwan). The
syringe was controlled by a syringe infusion pump (KDS220, KD Scientific, USA). A
high-voltage electric field was created between a needle capillary end and a collector by
applying a high voltage to the needle, using a power supply apparatus. A piece of grounded
aluminum foil used as a collector was located 10 cm apart from the capillary tip. The applied

voltage was controlled at 20 kV and electrospinning was performed at room temperature.



After electrospinning, the gelatin fibers were cross-linked in glutaraldehyde (50%) vapor for
a predetermined time at 25°C.* The cross-linking times were 0, 15, 45, 90 and 360 min, and
the specimens were denoted by GNO, GN15, GN45, GN90 and GN360, respectively. Solvent

casting gelatin/PVA film served as the control substrate in cell adhesion studies.

The degree of cross-linking of electrospun gelatin nanofibers

A ninhydrin assay was used to evaluate the degree of cross-linking of the electrospun
gelatin nanofibers. Ninhydrin (2,2-dihydroxy-1,3-indanedione) was used to determine the
amount of amino groups of each test sample. The samples were heated with a ninhydrin
solution for 20 min. After heating with ninhydrin, the optical absorbance of the solution was
recorded using a spectrophotometer (ELISA reader, Model Genesys'™ 10, Spectronic
Unicam, New York, USA) at 570 nm (wavelength of the blue-purple color) using glycine at
various known concentrations as the standard.’’ The amount of free amino groups in the
residual gelatin, after heating with ninhydrin, is proportional to the optical absorbance of the

solution. The degree of cross-linking of electrospun gelatin nanofibers was then determined.

Morphological evaluations
Morphology of the electrospun gelatin nanofibers was observed by scanning electron
microscope (SEM, Hitachi S-3000N, Tamura, Japan) with an accelerating voltage of 20 kV.

Before SEM observation, all of the samples were sputter-coated with gold.

Determination of swelling and in vitro degradation
After cross-linking, the electrospun gelatin nanofibers were punched into 37°C de-ionized
water for soaking test. Samples were taken from the de-ionized water after 6 h, 12 h, 4 days

and 7 days. Subsequently, the samples were dehydrated in a graded series of ethanol



solutions, critical-point dried with carbon dioxide, spattered with gold film, and examined
with a SEM. The diameters of fibers were observed from SEM for understanding the

wetting and degradation of the electrospun gelatin nanofibers.

Contact angle test

The surface hydrophilicity of each test specimen was examined by measuring its water
contact angle. The static contact angle was obtained on a Data Physics OCA 30 plus
goniometer and imaging system (Filderstadt, Germany) at room temperature using the
sessile drop method. The measurement of each specimen was performed on a 20 pL water
spot. When the liquid is dropped on a solid specimen surface, the liquid droplet will spread
or make a spherical globule. Five different points of each sample were performed to

calculate the mean contact angle and its standard deviation.

MG-63 cells cultured with electrospun gelatin nanofibers and gelatin films
In this study, the cellular compatibility of each test sample was evaluated by an in vitro
cell-culture assay. The samples were first sterilized using UV light irradiation, and 15 mm
diameter specimens were then cut from each sterilized test sample and glued to the bottom
of each well in a 24-well plate (the diameter of each well is about 16 mm) using a sterilized
collagen solution. Subsequently, osteoblast-like MG-63 human osteosarcoma cells at 10*
cells/well were seeded evenly on the surface of each test specimen in 1 mL DMEM with
10% FBS in an incubator containing 5% CO; at 37°C. Using the MTT assay, the viable cells
cultured on each test specimen were determined at 2 days after cell seeding.

In the MTT assay, the cells cultured on each test specimen were washed with phosphate
buffered saline (PBS) twice and viable cell numbers were then determined indirectly by

MTT dye reduction. The MTT assay is based on the reduction of MTT, a yellow soluble



dye, by the mitochondrial succinate dehydrogenase to form an insoluble dark blue formazan
product. Only viable cells with active mitochondria reduce significant amounts of MTT to
formazan. During the cell-culture period, the growth medium was changed daily.

In the MTT test, 200 pL MTT solution (0.5 g/L in medium, filter-sterilized) was added to
the culture wells. After incubation for 4 h at 37°C in a 5% CO, atmosphere, the MTT
reaction medium was removed and blue formazan was solubilized by acidic isopropyl
alcohol (0.04 M of HCl in isopropyl alcohol). Optical density readings were then performed
using a multi-well scanning spectrophotometer (MRX Microplate Reader, Dynatech
Laboratories Inc., Chantilly, Virginia, USA) at a wavelength of 570 and 650 nm.

The morphology of the cells cultured on each test specimen was also examined by a SEM.
After 2, 4, and 8 h of culture, the specimens used for the SEM examination first were briefly
rinsed with PBS and fixed with 2% glutaraldehyde. Subsequently, the samples were
dehydrated in a graded series of ethanol solutions, critical-point dried with carbon dioxide,
and spattered with gold film. The examination of the cells cultured on each test specimen

was performed with a SEM.

Confocal microscope

Immunofluorescent labeling was performed to observe and compare the difference of
MG-63 cells seeded onto the gelatin film (GF) and the electrospun gelatin nanofibers (GN).
After sterilizing with UV light irradiation and 2 h of culture with MG-63 cells, the
specimens were rinsed with PBS twice and fixed in acetone and methyl alcohol (1:1 v/v)
at —20°C. Non-specific labeling was blocked by incubating with 3% skim milk. The samples
were incubated in primary antibody: mouse monoclonal anti-B-actin and then kept in
anti-mouse IgG conjugated Cy3. Finally, they were stained with DAPI and the stained cells

were examined using a confocal microscope.



Western blot analysis

After culturing with samples for 2 h, the cells were lyzed in lysis buffer. These lysates were
then centrifuged at 4°C, 12000 rpm for 2 min. The supernatant was recovered and protein
concentrations were determined (R*= 0.9926). Typically, 30 pg/uL of protein was resolved
by electrophoresis in a sodium dodecylsulfate (SDS) — 10% polyacrylamide gel and blotted
onto a polyvinylidene difluoride membrane. The membranes were blocked by incubating
with 3% skim milk for 30 min and then they were incubated in primary antibody mouse
anti-B-actin and y-tubulin, respectively for 1 h. Then, they were kept in goat-anti mouse
conjugate HRP for 1 h. Finally, they were detected using ECL kit (Millipore, Immobilon
TM Western, chemiluminescent HRP substrate) and showed by X-ray film (Konica Minolta,

Japan).

Statistical analysis
All quantitative data were presented as mean =+ standard derivation. Statistical analysis were
conducted using one-way analysis of variance followed by post hoc Fisher's LSD multiple

comparison test. A difference was deemed significant at p < 0.05.



Results

The degree of cross-linking and morphological observation of electrospun gelatin
nanofibers

Figure 1 shows the SEM morphology of electrospun gelatin nanofibers before and after
cross-linking with glutaraldehyde vapor. It demonstrates that the form of the fibers did not
change substantially. However, the diameter of the fibers increased after cross-linking,
indicating that the fibers were swollen with water vapor present in the cross-linking solution.
The diameter of electrospun gelatin nanofibers before cross-linking is 144.9 = 7 nm. The
diameters of electrospun gelatin nanofibers cross-linked for 15, 45, 90, and 360 min (denoted
as GN15, GN45, GN90, and GN360) were 279.2 + 19.2, 384.8 + 9.8, 405.2 £ 20.3, and 403.2
+ 20.9 nm, respectively. After ninhydrin tests were conducted, the degree of cross-linking
was 31.6% for GN15, 53.4% for GN45, 56.9% for GN90, and 91.4% for GN360. These
measurements support the fact that the degree of cross-linking increased with cross-linking

duration.

Determination of swelling and in vitro degradation

Cross-linked gelatin nanofibers were then sent for soaking tests. The SEM pictures of the
nanofibers soaked in de-ionized water for 7 days are shown in Figure 2. The non-cross-linked
nanofibers show no observable fiber structure after soaking (Figure 2(a)), which means that
the fibers had completely dissolved in the water. For the cross-linked specimens, the fiber
diameter of GNI15 swelled to a remarkable degree (Figure 2(b)) due to insufficient
cross-linking. However, the fiber diameters of GN45, GN90, and GN360 (Figure 2(c), 2(d),
and 2(e), respectively) did not exhibit noticeable swelling. Figure 3 illustrates statistical
analysis of the above results. The diameter of GN15, which had undergone 15 min of

cross-linking duration, increased with soaking time. With cross-linking times exceeding 45
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min, no noticeable change was observed in the diameter of specimens after 12 h of soaking.

Contact angle test

Figure 4 displays the contact angles of the gelatin film (GF) and electrospun gelatin nanofibers
(GN). In the current study, both samples had undergone glutaraldehyde vapor cross-linking for
45 min. The results show that the electrospun material had improved hydrophilic properties
over that of gelatin film. Furthermore, the contact angles after 15, 45, 90, and 360 min of
cross-linking duration are 39.8° + 2.4° 41.2° + 3.2°, 45.6° + 3.8°, and 43.9° + 3.7°,
respectively, indicating that the cross-linking time did not significantly affect the

hydrophilicity of the gelatin fibers.

Proliferation of MG-63 on gelatin films and electrospun gelatin nanofibers

After analysis of the properties of the materials, samples with different cross-linking durations
were evaluated for their cyotoxicity. Solvent casting gelatin film served as a control group.
Figure 5 shows the results of MTT assay after culturing for 2 days. The following conclusions
can be drawn. First, a comparison between electrospun nanofibers and the control group
reveals that gelatin nanofibers had superior cell viability over that of solvent casting gelatin
film. Second, the overall cell activity in the 45 min cross-linked case (GN45) was better than
that of the other three sets. The inhibition of cell expansion on GN90 and GN360 suggested

some cytotoxic effect of the residual glutaraldehyde on the cells.

Morphological observation of MG-63 adhesion on gelatin films and electrospun
gelatin nanofibers
Cell adhesion is an important cellular process because it directly influences cell growth,

differentiation and migration. Based on the above results, sample GN45 was selected for the
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investigation of cell adhesion performance. The gelatin film sample processed with 45 min of
glutaraldehyde vapor cross-linking (GF45) was used as a control group. As shown in Figure 6,
the cell adhesion characteristics of GN45 was obviously superior to that of GF45 after
culturing for 2 h. When the culture time reached 8 h, it became more obvious that the cells had
spread and adhered to the surface of electrospun gelatin nanofibers (Figure 6(f)). The cells
were integrated with the surrounding fibers, indicating that GN45 has a high biocompatibility.
For GF45 thin film materials, the cells had not adhered well or stretched, and were still
considered as a ball-shaped cell. Clearly, the GN nanofibrous structure had superior cell
adhesion to that of GF gelatin film. Additionally, Figure 6 demonstrates that the fibrous
morphology of gelatin nanofiber scaffolds did not change significantly after cell culture,

indicating that a 45-minute cross-linking time is sufficient.

Confocal microscope observation

The highest quality electrospun nanostructures (glutaraldehyde vapor cross-linking for 45
min, GN45) were chosen for immuno-fluorescence assay testing. Figure 7 shows the
differences in cells using gelatin film and gelatin nanofibers through a confocal microscope.
Figure 7(a) illustrates how cells adhere to the gelatin film (GF45); the red luminescence
indicates the cytoskeletal protein; and blue luminescence indicates the location of the cell
nucleus. Figure 7(b) shows cells adhering to nanostructured gelatin nanofibers (GN45).
Green, blue, and red luminescence indicates the locations of the gelatin nanofiber, cell
nucleus, and cytoskeletal protein, respectively. A high concentration of cytoskeletal protein
appears within the center of the nanofibers, indicating an intrusion of filopodia into the
system. Serial scanning results by the confocal microscopy indicated the location at which the
cell adhered to the material (Figure 7(c)). Figure 7(d) is also a scanned picture from the

location beneath that of Figure 7(b), showing the internal structure of the nanofibers. Figure
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7(c) and (d) proved that the cell filopodia had extended to the interior of the material.

Western blot analysis

The above results indicate that for the electrospun nanofibers, cytoskeleton had been
generated after cell flattening and stretching. The western blotting analysis was then used to
explore the quantity of cytoskeleton created after cell adhesion. Figure 8 shows that
cytoskeletal protein with nanofibrous structure had more y-tubulin and B-actin than those of

the gelatin film without nanostructural features.
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Discussion

Electrospinning has recently been introduced in the preparation of scaffolds for
tissue-engineering application. It has received a great deal of attention due to the ability of the
produced nanofibers to mimic natural ECM. In this study, gelatin nanofibers had been
prepared through the process of electrospinning followed by cross-linking with
glutaraldehyde vapor with different durations to retain fibrous structure. The cell adhesive
properties on gelatin nanofibers were compared with those on solvent casting gelatin film.
Glutaraldehyde can react with amine groups of collagen and gelatin molecules via
formation of Schiff bases.’” Zhao et al. used glutaraldehyde vapor and glutaraldehyde
absolute ethanol solution to cross-link electrospun gelatin fibers with average diameter of
327 + 59 nm.”” An average diameter of gelatin fibers increased to 528 + 76 nm (vapor
cross-linked) and 690 + 89 nm (solution cross-linked) after cross-linking. Therefore, in this
study, the cross-linking was carried out by vapor-solid reactions to avoid gelatin fibers
dissolving and to reduce the degree of swelling of gelatin fibers during cross-linking. The
results showed that the degree of cross-linking was only 53.4% for the electrospun gelatin
nanofibers cross-linked with glutaraldehyde vapor for 45 min. However, SEM pictures
proved that the moisture induced swelling phenomena of nanofibers could be moderated after
applying cross-linking for 45 min (Figure 2). There was no noticeable change in diameter
after more than 45 min of cross-linking. This degree of cross-linking had been sufficient to
maintain the fibrous structure during 7 days of soaking (Figure 3). Moreover, SEM images
also showed the fibrous morphology of the electrospun gelatin nanofibers did not change
significantly after cell culture (Figure 6). Zhang et al. prepared gelatin nanofibers with
averaged fiber diameters around 200-300 nm.*’ It exhibited that the cross-linking time of
gelatin nanofibers cross-linked with glutaraldehyde (25%) vapor at room temperature

should be at least 3 days to generate a cross-linking extent sufficient to preserve the fibrous
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morphology tested by soaking in 37 °C water. In this study, the average diameter gelatin
nanofibers is 145 nm and the concentration of glutaraldehyde is 50%. The greater surface
area of nanofibers and higher concentration of glutaraldehyde could improve the
cross-linking efficiency of glutaraldehyde vapor.

In this study, a cell culture process was performed for the gelatin nanofibers and gelatin
films with various cross-linking times to evaluate their biological adaptability. The results
showed that gelatin nanofibers and gelatin films cross-linked with glutaraldehyde vapor for
45 min had a higher cell proliferation activity than those cross-linked for 90 and 360 min,
indicating that the longer cross-linking time would exert a cytotoxic effect on cells. The
study of Zhang et al. demonstrated that the initial inhibition of cell expansion on the
cross-linked gelatin fibrous scaffold, indicating some cytotoxic effect of the residual
glutaraldehyde on the cells due to long cross-linking time (3 days).”

The results of MTT assay and cell adhesion studies showed that the nanostructured
material promoted cell proliferation and adhesion over that of the gelatin film. The
architecture of the fibrous gelatin scaffold was similar to the natural ECM. Moreover,
nano-sized fiber can provide huge surface areas for cell growth. Many studies have showed
that nanofibrous scaffold has a higher cell proliferation than solvent casting film with a
smooth surface. For example, Guarino et al. exhibited that the nanostructured surfaces of
polycaprolactone/gelatin electrospun membranes enhanced human mesenchymal stem cells
adhesion, spreading, and proliferation."’ Shih et al. reported a higher cell viability of
mesenchymal stem cells on electrospun type I collagen nanofibers compared to smooth
surfaces.”” Chu et al. found that the nanofibrous structure of the chitosan scaffold could
improve hepatocyte adhesion and function.*

Confocal microscope pictures demonstrated that a high concentration of cytoskeletal

protein existed in the nanofibrous scaffold, indicating an intrusion of filopodia into the
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scaffold (Figure 7). According to the experimental result of Maurin et al., it was
demonstrated that the appearance of the so-called focal adhesion, referred to as the adhesion
process was accomplished by the cell filopodia with RGD motif of ECM.>* The cell
adhesion had been produced with the following process. Centosome was used to promote
the formation of microtubes, and then it was turned into the integrins of the transmembrane.
An interactive reaction then occurred between the integrins and actin-filament, in which the
filopodia were encouraged to contact with ECM. As the cell adhesion process completed, the
shape of the cells was flattened due to the rearrangement of cell structure. Experimental
results of Pugacheva and Golemisl demonstrated that the behavior of cytoskeletal protein
was related to cell mitosis.”> When cell mitosis is at the stage of G2 to M, hydrolysis of
cytoskeletal protein occurred, causing it to react with the AurA and Nek?2. This reaction was
favorable to the formation of microtube from y-tubulin as well as the completion of the
mitosis process. In this study, the quantity of cytoskeletal protein attached to the gelatin
nanofibers was greater than the gelatin film (Figure 8). In other words, the nanofibers had
encouraged such cell adhesion. The quantity of y-tubulin and B-actin in this process was
greater than in the process with thin films. Since gelatin films had poor adhesive properties,
the quantity of cytoskeleton was low and the shape of the cells remained circular. In addition,
there were too few y-tubulin synthesized microtubes to assist in the process of mitosis.
Therefore, gelatin nanofiber scaffold had a better cell proliferation rate than the gelatin film

due to highly efficient cell adhesion process for nanofiber.
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Conclusions

Gelatin scaffold with fiber diameter of about 145 nm was successfully fabricated by
electrospinning. The nanofiber material degradation could be postponed after cross-linking
with glutaraldehyde vapor. Increasing the cross-linking time increases the degree of
cross-linking of gelatin fibers. However, increasing the cross-linking time did not alter the
hydrophilic properties of the material. When the cross-linking time was 45 min, the gelatin
fibers had a higher cell activity. Moreover, the structure of nanofibers prepared by
electrospinning could enhance cell adhesion and proliferation. Electrospining is an efficient
and cost-effective method for preparing gelatin nanofibers as a scaffold for bone tissue

engineering.
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Figure captions

Figure 1. Morphologies of the electrospun gelatin nanofibers (a) before and (b) after
cross-linking treatment were observed by SEM

Figure 2. The SEM morphology results of the electrospun gelatin nanofibers after a
7-day soaking test are displayed above at (a) 0; (b) 15; (c) 45; (d) 90; and (e) 360
min cross-linking times

Figure 3. Diameter variation of the electrospun gelatin nanofibers immersed in 37°C
de-ionized water for 7 days

Figure 4. Optical images showing the contact angles of water droplet in contact with
(a) gelatin film and (b) electrospun gelatin nanofibers

Figure 5. Results from the MTT assay, display cell culture with gelatin film and
electrospun gelatin nanofibers

Figure 6. SEM photographs of MG-63 cells attached and adhered to the surface of
(a)-(c) gelatin film and (d)-(f) electrospun gelatin nanofibers cross-linked with
glutaraldehyde vapor for 45 min after culturing for (a), (d) 2; (b), (e) 4; and (c), (f) 8 h.
Figure 7. The morphologies of MG63 cells were observed by confocal microscope.
The cells were cultured with (a) gelatin film and (b) electrospun gelatin nanofibers
for 2 h. Color: gelatin nanofiber (green), B-actin (red), and DAPI nuclear (blue)
Figure 8. Western blot analysis results of gelatin film (GF) and electrospun gelatin

nanofibers (GN)
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Figure 2.
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