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Abstract
Microfibers with a core-shell structure can be produced by co-axial electrospinning,
allowing for the functionalization of the outer layer with bioactive molecules. In this
study, a thermoplastic, degradable polyesteretherurethane (PEEU), consisting of
poly(p-dioxanone) (PPDO) and poly(ɛ-caprolactone) (PCL) segments with different
PPDO to PCL weight ratios, were processed into fiber meshes by co-axial
electrospinning with gelatin. The prepared PEEU fibers have a diameter of 1.3 ±
0.5 µm and an elastic modulus of around 5.1 ± 1.0 MPa as measured by tensile testing
in a dry state at 37 °C, while the PEEU/Gelatin core-shell fibers with a gelatin content
of 12 ± 6 wt% and a diameter of 1.5 ± 0.5 µm possess an elastic modulus of 15.0 ±
1.1 MPa in a dry state at 37 °C but as low as 0.7 ± 0.7 MPa when hydrated at 37 °C.
Co-axial electrospinning allowed for the homogeneous distribution of the gelatin shell
along the whole microfiber. Gelatin with conjugated fluorescein (FITC) remained stable
on the PEEU fibers after 7 days incubation in phosphate-buffered saline (PBS) at
37 °C. The gelatin coating on PEEU fibers lead to enhanced human adipose tissue
derived mesenchymal stem cell (hADSC) attachment and a proliferation rate 81.7 ±
34.1 % higher in cell number in PEEU50/Gelatin fibers after 7 days of cell culture when
compared to PEEU fibers without coating. In this work, we demonstrate that watersoluble gelatin can be incorporated as the outer shell of a polymer fiber via molecular
entanglement, with a sustained presence and role in enhancing stem cell attachment
and proliferation.
Keywords: PEEU, gelatin, electrospun fibers, mesenchymal stem cells, biomaterials,

Introduction
Tailoring the structure and architecture of a specific material is important in ensuring
its successful function in a particular application, for example as a hydrogel scaffold,
drug delivery vector [1–3], patch in wound healing [4,5], or biomedical implant for
tissue replacement [6–8]. Electrospinning has become prevalent as a technique to
produce micro/nanofibers at comparable length scales to the native extracellular
matrix (ECM) [9], providing a method to transform polymers into functional fiber
structures and fiber mesh architectures [10–13].
The mechanical properties of a micro/nanofiber mesh differ greatly from a bulk
material film. The highly intersected and suspended nature of micro/nanofibers in a
fiber mesh causes a significant variation in local elastic properties [14] , which the cells
interpret through integrin and focal adhesion as they interact with the fibers,
transmitting the mechanical signal intracellularly via the cytoskeleton [15]. The high
surface to volume or mass ratio of electrospun fibers enables more effective
interaction between the bioactive molecules and the cells [16], as compared to filmbased substrates [17,18]. This interaction activates cellular signaling through integrin
and ligand interaction, regulating cellular functionality, and modifying cell attachment
and proliferation [19,20].
The deposition of a homogeneous polymer shell onto a polymer core has been
demonstrated using co-axial electrospinning [21,22]. To achieve this, a smaller
diameter blunt needle is installed inside of a larger diameter blunt needle [23]. This
method completely isolates the two components until ejection from the co-axial needle
and solvent evaporation, leaving solidified core-shell micro/nanofibers on the collector.
Previous work has demonstrated core-shell fibers, used for sustainable delivery,
where bioactive molecules are used as the core material [24,25]. Biomolecules have
also been integrated on the surface of a polymeric core via co-axial electrospinning to
enhance cellular functionality [26,27].
Gelatin denatured from collagen is a commonly used biopolymer. Gelatin is soluble in
water and requires crosslinking, such as with glutaraldehyde [26–28] or genipin [29],
to produce stable fibers in an aqueous environment. However, the toxicity of
glutaraldehyde makes it undesirable in biological environments, and any crosslinking
procedure can disrupt the fiber scaffold architecture [30]. Here, we hypothesise that

by co-axial electrospinning gelatin as a shell layer, we can use the same solvent for
both components, forming a polymer-enforced bioactive gelatin cover on core-shell
fibers. The generated homogenous gelatin layer deposited on the core polymer should
enhance cellular functionality, such as cell attachment and proliferation. The polymer
used in this study is polyesteretherurethane (PEEU), a multiblock copolymer
containing poly(ɛ-caprolactone) (PCL) and poly(p-dioxanone) (PPDO) segments (Fig.
1) with angiogenesis potential [31]. PEEU polymers with different PPDO to PCL ratios
were electrospun into fibers via traditional electrospinning and PEEU/Gelatin fibers via
co-axial electrospinning. The mechanical and thermal properties of the fibers were
characterized to correlate their composition dependence. Human adipose derived
stem cells (hADSCs) were cultured on the fiber meshes to investigate the effect of the
PEEU fiber composition and the gelatin shell on cell attachment and proliferation. In
this work a method for the preparation of biochemically functionalized fiber meshes is
shown, and the potential of core/shell fibrous scaffolds in the culture of human adipose
derived stem cells is demonstrated.

Figure 1. Chemical structure of PEEU. Molecular formula of polyesteretherurethane (PEEU)
copolymer.

Materials and Methods
Chemical and reagents
The polyesteretherurethane (PEEU) copolymers composed of PPDO and PCL with
four different PPDO:PCL ratios (Table 1) were obtained as described previously [32].
Gelatin powder (bloom strength of 215 - 235 g) was purchased from Rousselot
(Gustav Parmentier GmbH, 60320 Frankfurt am Main, Germany). Hexafluoroisopropanol (HFIP) was used for dissolving the polymer and gelatin into solution for
electrospinning, which was purchased from abcr GmbH (AB102635) (abcr GmbH,
76187 Karlsruhe, Germany). Cell culture medium (DMEM+GlutaMAX-I) used for
human adipose tissue derived mesenchymal stem cells (hADSCs) was purchased
from Fisher Scientific GmbH (31966-021) (58239 Schwerte, Germany). The Fetal
Bovine Serum (FBS, F7524) was obtained from Sigma-Aldrich (Darmstadt, Germany).
Table 1. PEEU material information

Material
ID

PPDO : PCL
wt ratio

Molecular weight (Mw)
(g/mol)

Solution conc. for
electrospinning (wt%)

PEEU40
PEEU50
PEEU60
PEEU70

40 : 60
50 : 50
60 : 40
70 : 30

100,000
79,000
95,000
133,000

14
17
15
11

Preparation of electrospun fibers
The electrospinning setup (Linari Engineering, 56121 Pisa, Italy) included voltage
supply, rotatory drum collector and two syringe pumps. The electrospinning process
was performed inside a transparent plastic chamber connected with a variable air
supply for humidity control. The PEEU polymers were dissolved in HFIP at the
concentrations listed in Table 1. The gelatin was dissolved in HFIP at 3 wt%. All
solutions were filtered with a glass fiber syringe filter with a pore size of 1 μm before
electrospinning. For PEEU fiber electrospinning, a gauge 19 blunt tip needle was used.
For co-axial electrospinning, the co-axial needle module (Linari Engineering) was used
where the inner blunt tip needle was gauge 21 and the outer was gauge 15. The
distance from the needle tip to the collector was set at 25 cm. The flowrate of solution
supply during electrospinning was 1.77 mL/h for pure PEEU electrospinning, and
1.13 mL/h and 0.57 ml/h for core PEEU solution and shell gelatin solution, respectively
during co-axial electrospinning. A polypropylene film was wrapped over the rotatory

drum collector for collecting deposited fiber mesh. The drum collector was rotated at
5 rpm, a humidity of 20% and an applied voltage of 10-18 kV was maintained and
raised during the course of electrospinning.

Scanning electron microscopy (SEM)
The morphology of fiber meshes was characterized using scanning electron
microscopy (Phenom G2 Pro, Phenom World). The samples were first incubated in
vacuum overnight and coated with 5 nm gold in sputter coater (Polaron SC7640). The
samples were then transferred to the sample holder of the SEM. SEM was used to
determine fiber diameter.

Differential scanning calorimetry (DSC)
Thermal properties of the PEEU fibers were obtained using DSC (Netzsch DSC 204
Phoenix, NETZSCH-Gerätebau GmbH, Selb, Germany) under nitrogen gas flow. 5 mg
of each sample was weighed into an aluminum pan and sealed. The heating, cooling
and second heating were performed from 25 oC to 150 oC, 150 oC to -100 oC, and
-100 oC to 150 oC, respectively at a rate of 10 K/min, with a 2 min holding stage at
upper and lower end point temperature. An empty aluminum pan was used as
reference.

Thermogravimetric analysis (TGA)
The thermogravimetric analysis was performed using Netzsch TG 209 C Iris
(NETZSCH-Gerätebau GmbH, Selb, Germany). The fibers samples (5 mg) were
heated from 25 oC to 600 oC at a rate of 10 K/min under a nitrogen gas atmosphere.
The weight loss of the samples during the heating was recorded.

Porosities and gelatin content
Porosities of all the PEEU and PEEU/Gelatin fibers meshes were calculated from the
mass of the fiber mesh and the corresponding volume, together with the corresponding
density value. The gelatin content was calculated from the remained percentage mass

of bulk gelatin, PEEU fibers and PEEU/Gelatin fibers in TGA using the following
equation
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Tensile test
The tensile test of fiber samples was performed inside the temperature chamber of
tensile test apparatus (Zwick GmbH, Ulm, Germany) at 37 oC in a dry state. The fiber
samples were cut into 1 cm x 4 cm strips. Each sample was clamped inside the
temperature chamber before equilibration at 37 oC before measurement. For tensile
testing in water, the measurement was performed on a tensile test machine with water
tank (Zwick GmbH, Ulm, Germany) at 37 oC. Test samples were hydrated in the water
tank for 10 minutes before the start of measurement.

Fiber samples pre-treatment before cell culture
The PEEU and PEEU/Gelatin fiber meshes were first packed in sterilization bags
followed with sterilization under ethylene oxide at 45 oC for 3 hours. The fiber meshes
were then punched into a circular shaped sample with 1.2 mm in diameter. PEEU fiber
meshes were washed overnight before cell culture.

FITC conjugation on PEEU/Gelatin fiber meshes
The PEEU/Gelatin core-shell fiber samples for immunostaining were conjugated with
NHS-FITC (46410, Thermo Fisher Scientific). 10 mg NHS-FITC was dissolved in
100 μl DMSO and transferred into 10 ml pH8 sodium carbonate buffer. The NHS-FITC
in sodium carbonate buffer was filtered with sterile 0.2 μm pore size syringe filter. The
PEEU/Gelatin fibers were conjugated with the NHS-FITC in pH 8 sodium carbonate
buffer for 1.5 h followed by washing with PBS overnight. The FITC conjugated
PEEU/Gelatin fibers were incubated in PBS at 37 oC over 7 days to demonstrate the
retention of gelatin on fibers in aqueous environment. The PBS was changed as the
cell culture medium changed, i.e. on day 2, 4 and 6, to ensure the FITC conjugated
PEEU/Gelatin fibers experience comparable condition as the PEEU/Gelatin fibers
used in cell culture.

Cell culture
Human adipose derived mesenchymal stem cells (hADSCs) were cultured in
Dulbecco’s Modified Eagle Medium (DMEM+GlutaMAX) with 10 v/v% FBS,
100 I.U./mL penicillin and 100 μg/ml streptomycin. hADSC was seeded at 1 x 104 cells
per fiber sample in each well of 24 well-plate (ultra-low attachment). Cell proliferation
was tested using a cell counting kit (CCK8, Dojindo) according to the protocol supplied
by manufacturer. Briefly, at selected time points, the medium was replaced with 300 μl
of fresh medium followed by the addition of 30 ul of CCK8 solution. After 2 hours of
incubation at 37 oC, 100 μl of medium/CCK8 mixture from each sample was
transferred into a flat bottom 96 well plate. An absorbance at wavelength of 450 nm
was measured using a microplate reader (Infinite 200 Pro, Tecan Group Ltd.,
Mannedorf, Switzerland). A standard curve, generated from the absorbance of a series
of cells with known cell numbers, was used in the calculation of cell numbers on the
fiber meshes.

Immunostaining
The hADSCs on PEEU and PEEU/Gelatin fiber meshes were fixed with 4 wt% PFA.
After washing with PBS for 3 times, the cells were permeabilized with 0.1 v/v% triton
x-100 for 15 minutes, followed by washing with PBS for 3 times again. The cells were
incubated in the blocking buffer (2 wt% bovine serum albumin in PBS) for 1 h to block
non-specific antigen. ActinRed (R37112, Invitrogen) was used for staining actin, and
NucBlue (R37605, Invitrogen) for nucleus of hADSC.

Statistics
The number of repetitions for each experiment was larger than three, as indicated
respectively in the figure legends for each assay, with data expressed as a mean value
± standard deviation. Statistical analysis was performed using a two-tailed
independent sample t-test, and a significance level p value less than 0.05 was
considered to be statistically significant.

Results and Discussion
Fiber morphology and fiber diameter
The morphology of the fiber meshes was examined using SEM (Fig. 2a). The PEEU
fibers possessed a circular cylinder shape and smooth surface. In contrast, the
PEEU/Gelatins fibers showed a flattened morphology due to the fast evaporation of
the outer gelatin shell layer [33], resulting in a hardened surface layer where the inner
PEEU accumulated on the inner side of the shell during the evaporation of inner HFIP.
This hollow structure led to the fiber’s collapse forming a flattened morphology [34].
The diameter of PEEU fibers (Fig. 2b) displayed a dependency on polymer weight
average molecular weight (Table 1). The PEEU50 had the lowest molecular weight
and smallest fiber diameter (Fig. 2b), despite having the highest electrospinning
solution concentration. Concentrations used throughout, described in the methods
section, were chosen to avoid artifact bead formation during electrospinning. The
PEEU70 with the highest molecular weight (Table 1) resulted in the largest fiber
diameter in the PEEU group (Fig. 2b). In the PEEU/Gelatin group, the lowest PEEU
molecular weight PEEU50/Gelatin fiber also had the smallest fiber diameter while the
PEEU60/Gelatin and PEEU70/Gelatin fibers displayed higher diameters (Fig. 2b). The
largest diameter of PEEU60/Gelatin fibers was observed in the fibers with the lowest
gelatin content, i.e. highest PEEU content, in the fiber mesh (Table 2).

Table 2. Porosities and gelatin content of fiber meshes
Material ID

Porosity (%)

Gelatin Content (wt%)

PEEU40
PEEU50
PEEU60
PEEU70
PEEU40Gt
PEEU50Gt
PEEU60Gt
PEEU70Gt

62.3 ± 0.5
62.8 ± 0.9
62.0 ± 1.5
63.4 ± 1.0
61.9 ± 0.7
65.7 ± 0.8
65.2 ± 1.7
66.3 ± 1.7

11 ± 0.1
13 ± 0.1
5 ± 0.1
12 ± 0.1

Gt: gelatin

Figure 2. Morphology and fiber diameter distribution of PEEU and PEEU/Gelatin fiber meshes.
(a) SEM images of the PEEU and PEEU/Gelatin fiber meshes. Scale bar = 10 µm. (b) The diameters
of PEEU and PEEU/Gelatin fibers in box and dot plot. Gt: gelatin. = mean, x = 1% and 99% percentile,
- = max or min. (n > 150). *: significant difference between the PEEU and its corresponding PEEU with
gelatin shell, p < 0.05.

Porosity and gelatin content
The fiber mesh displayed similar porosities (Table 2) for all of the materials used. The
obtained values of approximately 60% suggest that the spaces to accommodate cells
within the fiber meshes are similar for all materials used. The gelatin contents of the
PEEU/Gelatin fibers displayed a comparable amount, i.e. 12 wt%, among the samples
examined (Table 2), with an exception of PEEU60/Gelatin which displayed the lowest

at 5 wt%. All PEEU/Gelatin fiber samples were electrospun under the similar
conditions, with only a variation in polymer solution concentration, which was kept the
same as for the pure PEEU samples.

Mechanical properties of PEEU and PEEU/Gelatin fibers
The elastic modulus of the PEEU fibers at 37 oC in the dry state (Table 3) increased
with the weight percentage of PPDO, while the elongation of break and maximum
stress (Table 3 and Fig. 3.) correlated with molecular weight (Fig. 1). For the
PEEU/Gelatin fibers, the elastic moduli were observed to be higher than those of
PEEU fibers (Table 3), suggesting that the gelatin shell reinforced the polymer fibers
in the dry state. This finding was consistent with previous studies, in which fiber
reinforcement by the incorporation of gelatin during electrospinning has been reported
[30,35–36]. Elastic moduli were found to be similar among PEEU40/Gelatin,
PEEU50/Gelatin and PEEU60/Gelatin, which gave lower values than those of
PEEU70/Gelatin. This suggests that the variation of PPDO to PCL weight ratio had no
effect on the elastic moduli of the core/shell fibers prepared by co-axial electrospinning.
However, a variation in elongation of break and maximum stress values of the
PEEU/Gelatin fiber meshes with PEEU weight average molecular weight was
observed (Table 3 and Fig. 3). The PEEU50 with the lowest molecular weight
displayed the lowest elongation of break of a PEEU50/Gelatin fiber mesh.

Table 3. Mechanical properties of dry PEEU and PEEU/Gelatin fibers at 37oC
Material
ID
PEEU40
PEEU50
PEEU60
PEEU70
PEEU40Gt
PEEU50Gt
PEEU60Gt
PEEU70Gt
Gt: gelatin

Elastic
modulus (MPa)

Elongation
at break (%)

Maximum
stress (MPa)

4.1 ± 0.3
5.2 ± 0.4
4.7 ± 0.4
6.5 ± 0.6
14.3 ± 1.0
15.0 ± 0.7
14.1 ± 0.9
16.4 ± 2.6

228 ± 50
123 ± 22
252 ± 17
266 ± 47
110 ± 8
8±1
191 ± 14
194 ± 45

1.3 ± 0.2
1.1 ± 0.1
1.6 ± 0.1
2.1 ± 0.1
1.6 ± 0.1
1.2 ± 0.1
1.9 ± 0.2
2.6 ± 0.3

Figure 3. Stress-strain curves of dry PEEU and PEEU/Gelatin fibers at 37 oC. (Gt: gelatin)

The hydration of PEEU/Gelatin fibers in water at 37 oC altered their mechanical
properties. Data obtained during the mechanical characterization of the samples is
summarized in Table. 4. In the dry state, a high elastic moduli PEEU/Gelatin was
measured (Table 3). When the PEEU/Gelatin fiber meshes were hydrated in water,
the elastic moduli were reduced to below 1.6 MPa (Table 4). The elastic modulus

enforcement in PEEU/Gelatin core shell fibers in dry state was a result of the glassy
state of the gelatin shell. In the presence of water, the lowering of the glass transition
temperature of the gelatin shell led to it becoming amorphous, and subsequently
unable to provide mechanical strength against the applied force.
The elongation at break of PEEU/Gelatin fiber meshes displayed a dependency on
gelatin content. Samples with a gelatin content of above 10 wt% (Table 2), showed
values for elongation at break of above 500% while PEEU60/Gelatin samples with a
gelatin content of 5 wt% gave values of 270 ± 59% for the elongation at break (Table
4). The maximum stress of PEEU/Gelatin fiber meshes depended on the material used
for the polymer core, where the PEEU60/Gelatin samples, with 95% PEEU60 content,
had the highest maximum stress (Table 2).
Table 4. Mechanical properties of PEEU/Gelatin fibers at 37oC in water
Material
ID

Elastic
modulus (MPa)

Elongation
at break (%)

Maximum
stress (MPa)

0.1 ± 0.0
0.2 ± 0.1
1.6 ± 0.2
0.8 ± 0.1

512 ± 42
518 ± 14
270 ± 59
512 ± 24

0.7 ± 0.1
0.5 ± 0.0
2.8 ± 0.2
0.6 ± 0.0

PEEU40Gt
PEEU50Gt
PEEU60Gt
PEEU70Gt

Thermal properties
DSC curves of PEEU40 and PEEU40/Gelatin fibers are shown in Fig. 4a and Fig. 4b,
respectively as representative curves of the PEEU and PEEU/Gelatin fibers group.
The thermal properties, listed in Table 5, were derived from the second heating curve.
The enthalpy values measured for PCL crystallinity were similar in samples with and
without gelatin, but enthalpy values measured for the PPDO crystallinity were reduced
in the PEEU/Gelatin group when compared to the PEEU group. This suggested that
the presence of gelatin had an effect on the crystallinity of PPDO. This is in agreement
with the observed reduction in mechanical strength of the PEEU/Gelatin fibers in water.

Figure 4. DSC curves of PEEU and PEEU/Gelatin fibers. (a) DSC curves of PEEU40 fibers. (b) DSC
curves of PEEU40/Gelatin fibers.

Table 5. Thermal properties of PEEU and PEEU/Gelatin
Material ID

Tm,PCL (oC)

EnPCL (J/g)

Tm,PPDO (oC)

EnPPDO (J/g)

PEEU40
PEEU50
PEEU60
PEEU70
PEEU40Gt
PEEU50Gt
PEEU60Gt
PEEU70Gt

45.5 ± 0.5
44.7 ± 0.4
43.8 ± 0.4
39.5 ± 0.4
46.1 ± 0.4
44.2 ± 0.4
43.1 ± 0.4
39.1 ± 0.4

22.7 ± 0.2
19.1 ± 0.2
17.5 ± 0.2
4.6 ± 0.1
19.3 ± 0.2
17.8 ± 0.2
13.3 ± 0.1
4.4 ± 0.1

90.5 ± 0.9
92.3 ± 0.9
95.3 ± 1.0
92.5 ± 0.9
90.1 ± 0.9
92.3 ± 0.9
95.2 ± 1.0
91.8 ± 0.9

19.7 ± 0.2
27.2 ± 0.3
35.0 ± 0.4
33.6 ± 0.3
16.1 ± 0.2
24.5 ± 0.2
28.7 ± 0.3
28.9 ± 0.3

Figure 5. Stability of gelatin on PEEU/Gelatin fibers in an aqueous environment. (a) FITC
conjugated PEEU/Gelatin fibers over 7 days in PBS at 37 oC. (b) PEEU70/Gelatin fibers and PEEU70
was used as a control example showing the pure PEEU fibers did not give any green fluorescent signal
due to the absence of -NH2 group for conjugation and PEEU/Gelatin fibers require conjugation of FITC
to acquire the green fluorescence signal but not from auto-fluorescence.

Stability of gelatin layer of PEEU/Gelatin fibers
The water solubility of gelatin means that extra chemical reagents are typically
required to crosslink the gelatin shell [27,30,35]. In this study, we propose that the
gelatin layer could be held on the PEEU surface by molecular entanglement and
therefore retained in aqueous environment. The PEEU/Gelatin fibers were conjugated
with NHS-FITC for fluorescent determination of gelatin stability on fibers in an aqueous
environment. The FITC conjugated PEEU/Gelatin fibers were incubated in PBS at
37 oC for 7 days before samples were collected in a similar fashion to the parallel
hADSC cell culture. From the fluorescent images (Fig. 5a), the gelatin layer of the
PEEU fibers was retained over 7 days in a physiological environment, indicating
crosslinking was not necessary.

hADSC cell culture on PEEU and PEEU/Gelatin fibers
PEEU/Gelatin fiber meshes showed higher initial cell attachment than for the PEEU
fiber meshes. Although the cell seeding density was 1 x 104 cells per fiber sample, the
low cell seeding efficiency meant that the majority of fiber samples had below 1000
cells attached in the PEEU group, with PEEU50 as an exception (Fig. 6). For the
PEEU50 sample, its smaller fiber diameter likely provided a higher surface to volume
ratio for cell attachment. On day 7, the PEEU50 had the highest cell number in the
PEEU sample group (Fig. 6 and Fig. 7a). However, the observed cell number
remained similar to that measured on day 1, indicating no increase in cell number by
proliferation. For the other PEEU fiber samples, a low cell attachment was observed
at the beginning of culture, when compared to PEEU50, but with a greater increase in
cell number over 7 days.
For the PEEU/Gelatin fiber group, certain PEEU/Gelatin fiber meshes were seen to
shrink in size immediately after contact with aqueous solution. This shrinking took
place as the circumference of the fiber mesh folded toward the center, resulting in a
reduced area for cells seeding. PEEU50/Gelatin samples, which had the smallest fiber
diameter among the PEEU/Gelatin fiber meshes, showed the highest cell attachment
on day 1 within the PEEU/Gelatin group, with a cell number comparable to that of
PEEU50. The cell attachment on day 1 for PEEU40/Gelatin and PEEU70/Gelatin fiber
samples also showed higher cell numbers when compared to that of the PEEU40 and
PEEU70 fiber samples, respectively.

Figure 6. hADSC proliferation on PEEU and PEEU/Gelatin fiber meshes. (n = 4). *: p < 0.05. gt:
gelatin

Over a 7 day period, PEEU40/Gelatin and PEEU50/Gelatin fiber samples showed an
increase in cell number, with PEEU50/Gelatin giving the highest value in the
PEEU/Gelatin fiber group (Fig. 6 and Fig. 7b). The cell number on day 7 for the
PEEU60/Gelatin and PEEU70/Gelatin samples showed slightly higher cell numbers
when compared to PEEU60 and PEEU70 samples, respectively. An increase in cell
number of 81.7 ± 34.1% was observed for PEEU50/Gelatin over PEEU50 fiber
samples after 7 days of culture. This suggested that the smaller fiber diameter and
gelatin layer on the PEEU fibers increased cell attachment and proliferation. The
corresponding cell image of PEEU/Gelatin fibers is shown in Fig. 7, demonstrating the
higher cell number on PEEU50/Gelatin fibers. Here, the incorporation of a gelatin shell
on PEEU polymer fibers enhanced cell attachment and proliferation, an effect that
could be further improved by reducing the fiber diameter.

Figure 7. hADSC cell culture on PEEU and PEEU/Gelatin fibers. (a) hADSC on PEEU fibers on day
1, 4, and 7. Red: actin, Blue: nucleus, Cyan: PEEU fiber auto-fluorescent. (b) hADSC on PEEU/Gelatin
fibers on day 1, 4 and 7. Red: actin, Blue: nucleus, Green: FITC conjugated gelatin.

Conclusion
A biocompatible interface, necessary to enhance cellular functionality, can be
integrated into fibrous scaffolds with high surface to volume ratios. A co-axial
electrospinning method, and the use of a unified solvent system for both materials,
enabled the deposition of gelatin onto each individual PEEU fiber with molecular
entanglement induced fixation. This method avoids the use of cytotoxic crosslinking
reagent and any crosslinking induced changes in fiber morphology. With a gelatin shell
on the PEEU fibers, a reduction in elastic modulus but increase in elongation at break
was observed in water at 37 oC. The non-crosslinked gelatin shell was found to be
stable in an aqueous environment, and enhanced hADSC attachment and proliferation.
The co-axial electrospinning method described here, significantly improves on existing
cross-linking based methods to produce gelatin coated polymer fiber meshes, and
provides insight into the design of core-shell fibrous scaffolds in biomedical research.
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