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Abstract
One of the key challenges for neural tissue engineering is to exploit functionalmaterials to guide and
support nerve regeneration. Currently, reduced graphene oxide (rGO), which is well-known for its
unique electrical andmechanical properties, has been incorporated into biocompatible polymers to
manufacture functional scaffolds for nerve tissue engineering. However, rGOhas poor dispersity in
polymermatrix, which limits its further application.Here, we replaced rGOwith rGO-graft-PTMC.
The rGO-graft-PTMCwasfirstly prepared by grafting trimethylene carbonate (TMC) oligomers onto
rGO. Subsequently, PTMC/rGO-graft-PTMC composite fibrousmatswere fabricated by electrospin-
ning of a dispersion of PTMCand rGO-graft-PTMC. The loading of rGO-graft-PTMC could reach up
to 6 wt% relative to PTMC. Scanning electronmicroscopy images showed that themorphologies and
average diameters of PTMC/rGO-graft-PTMC composite fibrousmatswere affected by the content
of rGO-graft-PTMC. Additionally, the incorporation of rGO-graft-PTMC resulted in enhanced
thermal stability and hydrophobicity of PTMC fibers. Biological results demonstrated that PC12 cells
showed higher cell viability on PTMC/rGO-graft-PTMC fibers of 2.4, 4.0 and 6.0 wt% rGO-graft-
PTMCcompared to pure PTMCfibers. These results suggest that PTMC/rGO-graft-PTMC
composite fibrous structures hold great potential for neural tissue engineering.

1. Introduction

Peripheral nerve injuries cause pain, disability, and
economic burden in many affected individuals [1].
Each year around 300 000 people of working age in
Europe suffer a peripheral nerve injury, and less than
half of patients regain full function after treatment [2].
To date, the gold standard to repair nerve injury when
the nerve gap is larger than approximately 3 cm is
autologous nerve grafting. However, this technique
shows some major drawbacks, including limited
supply of donor nerves, requiring an extra surgery,
and sacrifice of a healthy nerve [1, 3–5]. In recent years,
advances have been made to engineer artificial nerve
guidance conduits composed of synthetic, natural or
composite polymer systems [6, 7]. Nerve guide
conduits could be manufactured via numerous

approaches, such as extrusion, solvent casting, 3D
printing, electrospinning, and phase separation [8].
Among these approaches, electrospinning shows a
superior advantage in terms of producing micro/
nanofibers. As a simple and low-cost technique,
electrospinning offers the ability to use a wide range of
biomaterials, including natural and synthetic poly-
mers. For example, silk, gelatin, poly(caprolactone)
(PCL), poly(lactic acid) (PLA), and poly(lactic-co-
glycolic acid) (PLGA) have been electrospun to fibrous
scaffold for nerve regeneration [9–11]. Moreover,
electrospun scaffolds have a large surface-to-volume
ratio and their fibrous structure resembles native
extracellularmatrix [12].

Poly(trimethylene carbonate) (PTMC) is a bio-
compatible rubber-like polymer which has been
shown to degrade by surface erosion without
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formation of acidic products [13]. Therefore, this elas-
tomeric polymer has been evaluated as scaffolding
material for regenerative medicine and tissue engi-
neering applications [14–16]. To date, little work has
been reported about the fabrication of PTMC fibers
using electrospinning technique. Reduced graphene
oxide (rGO) and its family have drawn enormous
attention in recent years due to its many interesting
properties such as high charge carrier mobility, large
theoretical specific surface area and excellent mechan-
ical properties [17]. It has been demonstrated that an
electrically conductive surface could promote neuron
cell growth, differentiation and signaling [18]. In this
context, rGO has been extensively integrated with var-
ious polymers as scaffolding materials for nerve tissue
engineering [19, 20]. For example, Aznar-Cervantes
used electrospun silk fibroin coated with rGO to pre-
pare conductive fibrous scaffolds to promote neurite
outgrowth of PC12 cells [21]. In our previous study,
PTMC/rGO composite film was prepared by casting
and showed a potential application in nerve regenera-
tion [22]. However, rGO/polymer composites tend to
become inhomogeneous as the concentration of rGO
increases leading to a sub-optimal performance. This
problem could be solved by using functionalized gra-
phene which would significantly reduce the enthalpic
interaction that leads to graphene aggregation [23]. It
has been demonstrated that polymer-functionalized
graphene could improve the performance of polymer/
graphene composites [24, 25].

In the present work, a biocompatible and flexible
fibrous scaffold was fabricated by electrospinning of a
dispersion of PTMC and rGO-graft-PTMC. rGO-
graft-PTMC was first prepared by grafting trimethy-
lene carbonate (TMC) oligomers onto rGO. The bene-
fits of such functionalization were in three ways.
Firstly, it was expected to increase the loading amount
of rGO into the electrospun polymer fibermatrix. Sec-
ondly, it was carried out in an attempt to improve the
interfacial adhesion with the PTMC fiber matrix.
Thirdly, the rGO fraction was present in composite
fibers without an extra post-reduction process. The
properties, such as hydrophilicity, fiber dimension
and fiber morphology of PTMC/rGO-graft-PTMC
mats were characterized, and the cytocompatibility
with PC12 cells was investigated.

2.Materials andmethods

2.1.Materials
TMC Monomer was kindly provided by Huizhou
Foryou Medical Devices. Sulfuric acid, hydrochloric
acid, phosphorus pentoxide, ammonium persulfate,
potassium permanganate, hydrogen peroxide solu-
tion, 2-chloroethanol, sodium azide, Tin(II)-2-ethyl-
hexanoate (Sn(Oct)2), and magnesium sulfate
(MgSO4) were purchased from Sigma Aldrich, The
Netherlands. Graphite flake (natural, -325 mesh) was

acquired from Alfa Aesar, Germany. Diethyl ether,
acetone, toluene, dimethylformamide (DMF), chloro-
form and dichloromethane (DCM) were bought from
VWR Chemicals, Germany. N-methyl-pyrrolidone
(NMP)was purchased fromMerck, Germany. Home-
made azido ethanol was synthesized by reacting
2-chloroethanol and sodium azide according to pre-
vious study [26]. All the reagents and chemicals were
of analytical grade and used without further purifica-
tion unless otherwise stated.

2.2. Synthesis of PTMCand rGO-graft-PTMC
High molecular weight linear PTMC was synthesized
by ring-opening polymerization of TMC as described
in our previous study [27]. Briefly, ring-opening
polymerization of TMC was performed in bulk
condition with Sn(Oct)2 as catalyst at 130 °C under
argon atmosphere for 2 d. The molecular weight of
PTMC was determined by gel permeation
chromatography.

To synthesize rGO-graft-PTMC, rGO initiator
was firstly prepared using a nitrene chemistry method
[28]. Briefly, GO (0.5 g) was dispersed in NMP
(200 ml) by sonication for 2 h followed by addition of
azido ethanol (10 g). GO was then reacted with azido
ethanol at 160 °C under argon atmosphere and at the
same time thermally reduced. The product rGO initia-
tor was obtained by purifying the reaction mixture
with acetone and subsequently drying under vacuum
at room temperature (yield 0.28 g). rGO-graft-PTMC
was synthesized by ring opening polymerization of
TMC (5 g) in toluene (15 ml) with rGO initiator
(0.05 g) under argon atmosphere. Sn(Oct)2
(0.02 mol g−1monomer)was used as a catalyst and the
reactionwas performed at 110 °C for 4 d. After cooling
to room temperature, the sedimentation in the reac-
tion flask was a mixture of homo PTMC and rGO-
graft-PTMC. Toluene was removed, and the mixture
was redispersed in DCM followed by centrifugation at
5000 rpm for 10 min to remove homo PTMC present
in the supernatant. This purification step was repeated
for 5 times. The final rGO-graft-PTMC was dried
under vacuum at room temperature.

2.3. Fourier transform infrared (FTIR), x-ray
photoelectron spectroscopy (XPS) and
thermogravimetric analysis (TGA)
FTIR-ATR spectroscopy (PerkinElmer, Spectrum
Two, UK) was performed to characterize the chemical
structure of PTMC, GO, rGO initiator and rGO-graft-
PTMC. A thin film of PTMC and dried powders in the
case of GO, rGO initiator and rGO-graft-PTMC
were used.

GO, rGO initiator and rGO-graft-PTMC powders
were analyzed by XPS (Physical Electronics, Quantera
SXM, USA), using an Al Kα x-ray source (1486.6 eV)
and a vacuum pressure of 2.10–8 Torr. Multipack v.9.8
softwarewas used for data analysis.
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TGA (PerkinElmer, Pyris 1, UK)was performed to
characterize thermal stability and graphene loading
content of PTMC/rGO-graft-PTMC composite
fibers. In addition, the data were used to estimate the
molecular weight of the grafted PTMC. The measure-
ments were carried out over a temperature range of
50 °C–550 °C at a heating rate of 20 °Cmin−1 and a
nitrogen flowof 20 ml min−1.

2.4. Electrospinning
PTMC (2.5%, w/v) was dissolved in chloroform/

DMF (v/v=9/1) and used for electrospinning to
obtain PTMC fibers. To prepare PTMC/rGO-graft-
PTMC fibers, a dispersion of rGO-graft-PTMC was
firstly prepared by dispersing rGO-graft-PTMC in a
chloroform/DMF (v/v=9/1) solvent mixture with
ultrasonication for 2 h. In the meantime, a PTMC
solution was prepared as mentioned above. PTMC
solution and rGO-graft-PTMC dispersion of different
proportions were then mixed to make suspensions
with different weight ratios of rGO-graft-PTMC to
PTMC from 0.6% to 6%, and the final concentration
of PTMC in the mixtures was kept constant at 2.5%
(w/v). The resultant mixtures were stirred for 24 h to
obtain homogenous suspensions before electrospin-
ning. For electrospinning, PTMC solution or PTMC/
rGO-graft-PTMC suspensions were placed into a 5 ml
standard syringe equipped with a 27 G blunted stain-
less steel needle using a syringe pump at a rate of
1.0 ml h−1 with an applied voltage of 15 kV. The
working distance from the tip of spinneret to alumi-
numplate collector was set at 20 cm.

2.5. Scanning electronmicroscopy (SEM) imaging
Surface morphology of electrospun scaffolds was
examined by secondary electron SEM (JSM-IT100,
JEOL). Prior to SEM imaging, samples were gold-
sputtered with a Cressington Sputter Coater 108 Auto
set at 30 mA for 60 s. For backscattering electron SEM,
electrospun fibers were directly deposited on a
carbon-coated (100 Å) copper microscope grid for 5 s
and then observed by a ZeissMERLINHR-SEM.

2.6. Fiber diameter and porosity of scaffolds
The average fiber diameter and fiber diameter distri-
butionwere determined bymeasuring at least 15 fibers
and 50 segments in one SEM image, and five images
were used for each scaffold using Adobe Photoshop
CS4. Porosity of scaffolds was calculated using the
following equation [12]:

p 1 100%,
r
r

= -
¢



´
⎛
⎝⎜

⎞
⎠⎟

where p is the porosity of scaffold, ρ′ is the apparent
density of scaffold, and ρ° is the bulk density of PTMC
(1.31 g cm−3).

2.7. Contact anglemeasurements
The wettability of electrospun scaffolds was investi-
gated by sessile drop technique using an optical
contact angle device (OCA15, Dataphysics, Germany).
Sessile milli-Q water drop was deposited onto sample
surface with a syringe, and the drop contour was fitted
by the Young–Laplace method. At least 3 different
static contact angle measurements were performed for
each sample.

2.8. Cell culturing
PC12 cells (ATCC® CRL-1721™, Germany, doubling
time 48 h)were expanded in a T-175flask and cultured
in complete culture medium, comprising RPMI-1640
medium (Sigma Aldrich), 10% horse serum (Gibco),
5% fetal bovine serum (Gibco), and 100 Uml−1

penicillin and 100 μg ml−1 streptomycin (Gibco). The
culturemediumwas refreshed every 2 d, and cells were
allowed to grow until the culture reached at approxi-
mately 80%confluence.

Electrospun mats were punched into discs of 1 cm
diameter followed by washing with ethanol for 3
times. After washing, samples were placed in non-tis-
sue culture-treated 48-well plates, and rubber O-rings
were placed on top of them to avoid floating. For ster-
ilization, samples were immersed in 70% ethanol for
10 min and rinsed with PBS for 2 times. Samples for
cell culturing were either non-coated or coated with
0.1 wt% gelatin solution (SigmaAldrich) for 1 h before
cell seeding. PC12 cells were seeded on electrospun
samples at a density of 10 000 cells cm−2. Cell-scaffold
constructs were cultured in complete culture medium
in an incubator with 5% CO2 humidified atmosphere
at 37 °C up to 7 d. Cell culture medium was refreshed
every 2 d.

2.9. Cell viability
Cell viability was tested by using PrestoBlue™ Cell
Viability Reagent (Thermo Fisher). Briefly, at each
time point, cell culture medium in sample plates was
replaced with fresh cell culture medium containing
10% (v/v) PrestoBlueTM reagent, and the sample
plates were incubated at 37 °C for 1 h avoiding light.
Subsequently, fluorescence intensity was measured
using a Tecan plate reader (560/590 nm excitation/
emission). After refreshing the medium, cell culturing
was continued until the next time point. Using
separate samples, live/dead staining of the cells was
performed. Samples were rinsed with PBS and incu-
bated with 2 μM calcein-AM/4 μM ethidium homo-
dimer-1 (Invitrogen) in PBS for 1 h at 37 °C. After
rinsing with PBS, pictures were taken using an EVOS
FLCell Imaging System.

2.10. Statistical analysis
All data points were expressed as mean ± standard
deviation. Statistical comparison was determined
using GraphPad Prism 5.01 (GraphPad software, San
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Diego, USA) for Windows. Two-way analysis of
variancewas performed to compare cell viability.

3. Results and discussion

3.1. Preparation of PTMCand rGO-graft-PTMC
High molecular weight PTMC was prepared by ring
opening polymerization. The synthesis route and
PTMC formula are shown in figure 1(A). The obtained
PTMC had an average molecular weight of
500 000 g mol−1. To synthesize rGO-graft-PTMC,
rGO initiator with thermally stable hydroxyl groups
was first prepared and subsequently used to initiate
ring-opening reaction of TMC as shown in
figure 1(B). The chemical structure of PTMC and
rGO-graft-PTMC was verified by FTIR spectra

(figure 2). Stretching vibration of –CH2– (2971 and
2909 cm−1) and C=O (1700 cm−1 ) were observed in
PTMC [29]. A broad band peak from 2900 to
3700 cm−1 was reflected by strong stretching of
different hydroxyl groups in GO, and C=C stretching
peak at 1635 cm−1 was also observed. The disappear-
ance of unstable hydroxyl groups (2900–3700 cm−1)
in rGO was due to the reaction of azido ethanol with
GO at high temperature. rGO-graft-PTMC showed
stretching peaks at 1230, 1700, and 2900 cm−1 which
were assigned to C–O, C=O, and C–H bonds in
PTMC, respectively. The grafted PTMC had a mole-
cularweight of 480 g mol−1.

XPS spectra of GO and rGO initiator only showed
a nitrogen signal in the case of rGO initiator
(figure 3(a)), suggesting that azido ethanol was

Figure 1. Synthesis scheme of (A)PTMCand (B) rGO-graft-PTMC.

Figure 2. FTIR spectra of PTMC,GO, rGO initiator, and rGO-graft-PTMC.
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successfully coupled to the graphene surface. C 1s
spectra of rGO initiator showed an increase of non-
oxygenated carbon and a decrease of carbon-bound
oxygen groups as compared to C 1s spectra of GO
(figures 3(b) and (c)), indicating that the GO was ther-
mally reduced. The remaining C=O and C–O groups
on the surface of rGO initiator indicate incomplete
reduction. Importantly, a C–Npeak appeared in the C
1s spectra of rGO initiator (figure 3(c)). C 1s spectra of
rGO-graft-PTMC showed a peak corresponding to the
carbonate group (O–C(O)–O), indicating the presence
of PTMC (figure 3(d)).

The atomic percentages of carbon, nitrogen and
oxygen present on the surface of GO, rGO and rGO-
graft-PTMC are shown in table 1. In contrast to GO, a
significant amount of nitrogen was present on rGO
initiator. Thermal reduction of GO resulted in a
decreased amount of oxygen and increased amount of
carbon at the surface of rGO initiator. Polymerization
of TMC on the surface of rGO initiator led to an
increase in oxygen content. Taken together, these
results demonstrate that GO was thermally reduced
into rGO initiator, and PTMCwas successfully grafted
onto the rGO surface.

3.2. Fabrication of PTMCfibers andPTMC/rGO-
graft-PTMCcompositefibers
rGO has been integrated with electrospun fiber
matrices, such as silk, polyvinylpyrrolidone, and poly-
acrylonitrile [30, 31]. However, an extra post-reduc-
tion process of GO was always required in these cases.
In the present work, we fabricated rGO-based

composite fibers without an extra post-reduction
process via electrospinning of a dispersion of PTMC
and rGO-graft-PTMC. Macroscopic views of PTMC/
rGO-graft-PTMC composite fibers with various rGO-
graft-PTMC content are shown in figure 4. Pure
PTMCfibermats weremilky white. After introduction
of rGO-graft-PTMC, the fibrousmats became gray. As
the concentration of rGO-graft-PTMC increased, the
fibrous mats gradually turned black. Previous studies
have demonstrated that the morphology of electro-
spun fibers is dependent on various parameters
including solution properties (e.g. viscosity, conduc-
tivity and surface tension) [12, 32]. To know the
influence of rGO-graft-PTMC content on fiber
morphology, secondary electron SEM micrographs
were acquired at different magnifications (figure 4).
The SEM micrographs show a framework composed
of randomly oriented fibers. When the portion of
rGO-graft-PTMC increased from 0% to 4.0%, a
homogeneous and smooth fiber morphology was
observed. As the weight ratio reached up to 6.0%, the
fibers presented a heterogeneous morphology with an

Figure 3.XPS spectra ofGOand rGO initiator (A), C 1s spectra ofGO (B), rGO initiator (C) and rGO-graft-PTMC (D).

Table 1.XPS analysis of GO, rGO initiator and rGO-graft-
PTMC (n=4).

Atomic

content,% C N O

GO 59.33±0.16 0.18±0.11 38.78±0.25
rGO initiator 82.28±0.46 5.51±0.28 11.89±0.12
rGO-

graft-PTMC

70.02±0.70 1.44±0.09 26.92±0.72
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increase in fiber interconnection. Figure 5 shows the
average fiber diameter and diameter distribution of
electrospun mats. A similar average fiber diameter
(around 1.3 μm)was detected when the concentration
of rGO-graft-PTMC was not higher than 4.0%. When
the weight ratio was further increased to 6.0%, the
average fiber diameter increased (1.8 μm) and the
variation of fiber diameter became larger as well. The
variable distribution of fiber diameters for the 0.6%
and 6% samples can be attributed to jet instability
during electrospinning. It has been shown that electro-
spinning jet stability is influenced by spinning solution
properties such as viscosity and conductivity [32]. In
our case, the addition of rGO-graft-PTMC may have
altered the spinning solution conductivity as well as

viscosity. To achieve a stable electrospinning jet, a
balance between viscosity and conductivity is neces-
sary. The porosity of electrospun fiber mats is sum-
marized in table 2. The obtained electrospunmats had
a porosity ranging from 84%±4% to 95%±2%.
PTMC mats had the highest porosity because of their
relatively large pore sizes (figure 4) and narrow and
homogeneous fiber diameter distribution (figure 5).

Backscattering electron SEM imaging has been
used to investigate phase morphology of polymer
blends [33]. To investigate the presence of rGO-graft-
PTMC in PTMC/rGO-graft-PTMC composite fibers,
backscattering electron SEM imaging was carried out
for both PTMC and PTMC/rGO-graft-PTMC fibers.
As shown in figure 6(A), the pure PTMC fibers present

Figure 4.Macroscopic views and corresponding SEM images of PTMCfibers and PTMC/rGO-graft-PTMCcomposite fibers with
rGO-graft-PTMCweight percentages of 0.6%, 1.2%, 2.4%, 4.0% and 6.0% relative to PTMCcontent.
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a smooth single-phase surface morphology. Bright
spots on PTMC/rGO-graft-PTMC composite fibers
were regarded as the rGO-graft-PTMC which was
assembled within the fibers (figure 6(B)). A similar
finding was reported by Zhang et al who assembled
gold nanoparticles in poly(vinyl alcohol) (PVA) elec-
trospun nanofibers. Their backscattering electron
SEM imaging results demonstrated that bright spots in
the PVAnanofibers were the gold nanoparticles [34].

3.3. TGA analysis
The thermal properties of rGO-graft-PTMC and
electrospun fibers were characterized by TGA. The
TGA curves are shown in figure 7, and corresponding
residual contents at 500 °C are summarized in table 3.
rGO-graft-PTMC showed an obvious weight loss due
to the grafted PTMC chains on the rGO surface. The
degradation temperature of PTMC fibers was around
230 °C. The addition of rGO-graft-PTMC led to a
modest increase in degradation temperature from
280 °C to 310 °C with increasing weight percentage of
rGO-graft-PTMC. The higher thermal stability of
composite fibers was attributed to the presence of rGO
fractions which had a higher thermal stability than the
polymer fiber matrix [35]. The rGO content in
electrospun composite fibers could be estimated by
the residual mass from TGA. As shown in table 3, the
percentage of residual mass for rGO-graft-PTMC was
51.6% which indicates the weight percentage of rGO
in rGO-graft-PTMC. PTMC fibers had a residual mass
percentage around 0.86%. For the PTMC/rGO-graft-
PTMC composite fibers, the residualmass percentages
increased with increasing weight percentage of rGO-
graft-PTMC. These residual mass percentages
(1.16%–4.35%) correspond with the weight percen-
tages of rGO-graft-PTMC in the fibers (0.6%–6%),

Figure 5.Distributions offiber diameters of PTMC fibers (A) and PTMC/rGO-graft-PTMC compositefibers with rGO-graft-PTMC
weight percentages of (B) 0.6%, (C) 1.2%, (D) 2.4%, (E) 4.0% and (F) 6.0% relative to PTMCcontent.

Table 2.The porosity of
PTMC fibers and PTMC/
rGO-graft-PTMC
composite fibers with
various rGO-graft-PTMC
content.

Samples Porosity

PTMC 95%±2%
0.6% 92%±1%
1.2% 84%±4%
2.4% 89%±1%
4.0% 93%±1%
6.0% 86%±2%

Figure 6.Backscattering SEM images offibers. (A)Pure PTMC fiber. (B) rGO-graft-PTMC/PTMC fiberwith 4.0 wt% rGO-graft-
PTMC relative to PTMCcontent.
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taking into account the 51.6 wt% of rGO in the rGO-
graft-PTMC composite and the 0.86% residual weight
originating from the bulk PTMC in the fibers.

3.4. Contact anglemeasurement
The wettability of a substrate has an important role in
cellular adhesion, proliferation and differentiation
[36]. Wettabilities of PTMC and PTMC/rGO-graft-
PTMC electrospun fibers were determined by contact
angle measurements (figure 8). Generally, all types of
electrospun fibers showed a hydrophobic surface,
leading to a long stay of sessile water droplets on their
surface (figure 8(A)). The incorporation of rGO-graft-
PTMC resulted in slightly enhanced surface

Figure 7.TGA curves of rGO-graft-PTMC, PTMC fibers and PTMC/rGO-graft-PTMC compositefibers.

Table 3.TGA residualmass of rGO-graft-PTMC, PTMC
fibers andPTMC/rGO-graft-PTMCcomposite fibers.

Sample code Residualmass at 500°C,wt%

rGO-graft-PTMC, 100% 51.6

PTMC 0.86±0.36
0.6% 1.16±0.29
1.2% 1.42±0.34
2.4% 2.48±0.18
4.0% 2.82±0.47
6.0% 4.35±0.29

Figure 8.Contact anglemeasurements of PTMC fibers and PTMC/rGO-graft-PTMC composite fibers with various rGO-graft-
PTMCcontent. (A)Representative images showingwater droplets on electrospun fibers. (B)The influence of rGO-graft-PTMC
content on thewettability of electrospun fibers.

8
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hydrophobicity due to the super hydrophobic prop-
erty of rGO material. The average contact angle value
gradually increased from 95.8° to 117.5° when the
portion of rGO-graft-PTMC increased from 0% to
2.4%, respectively (figure 8(B)). After 2.4%, the
average contact angle value slightly dropped although
the amount of rGO-graft-PTMC increased up to
6.0%. Previous studies have demonstrated that the
contact angle of a surface is not only dependent on the
chemical components (surface energy), but also on the
geometric structure including surface roughness, fiber
diameter and porosity [37, 38].

3.5. Cell viability
PTMC is considered to be a biocompatible material
and usually used as a scaffoldingmaterial for soft tissue
regeneration [13]. Besides excellent physical proper-
ties, graphene materials promote cellular interaction
due to their high surface area. However, free graphene
nanosheets show dose-dependent cytotoxicity [17]. In
our experiments, it is not expected that the rGO-graft-
PTMC is released as it is integrated in the polymer
matrix. To investigate the biocompatibility of PTMC/
rGO-graft-PTMC composite fibers, PC12 cells were
cultured on non-coated and gelatin-coated fibrous
mats for 7 d. PTMC fibers were used as control. Cell
viability was investigated by PrestoBlueTM assay
(figure 9).

Generally, the results revealed that cell numbers
increased steadily for all types of fibers during the time
course investigated. At day 1 and day 3, no statistical
differences in cell viability were observed among all
types of fibers regardless of rGO-graft-PTMC content.
At day 7, however, PTMC/rGO-graft-PTMC compo-
site fibers with 2.4, 4.0 and 6.0 wt% of rGO-graft-
PTMC showed a significantly higher cell viability than
pure PTMC fibers. This was irrespective of coating of
the fibers with gelatin. Without gelatin coating, cell
viability on all electrospun fibers was significantly
higher than on a non-coated culture plate. With gela-
tin coating, this difference was less pronounced and
only the composite fibers with 1.2–6.0 wt% of rGO-
graft-PTMC showed significantly higher cell viabilities
as compared to gelatin-coated culture wells. Thus,
coating with gelatin partially masked the difference
between the non-tissue culture-treated plate and elec-
trospun fibers with respect to cell viability (i.e. cell
numbers). This was confirmed by live/dead staining
of the cells on day 7 (figure 10), showing that low cell
numbers in non-coated culture wells markedly
increased upon coating of thewells with gelatin.

Live/dead staining showed a very low amount of
dead cells on all surfaces. As compared to the culture
plate, the higher cell numbers on the electrospun
fibers may in part be due to the larger surface area of
the fibrous mats. Taken together, our results demon-
strate that PTMC/rGO-graft-PTMC composite fibers

Figure 9.Viability of PC12 cells on non-coated (A) and gelatin-coated (B) culture plates, PTMCfibers and PTMC/rGO-graft-PTMC
composite fiberswith various rGO-graft-PTMC content. *p<0.01, **p<0.001, ***p<0.0001.
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show good biocompatibility. Future studies will focus
on neuronal cell differentiation on the composite
fibers, as well as fabrication of scaffolds with various
geometries for nerve tissue formation.

4. Conclusion

In the present study, PTMC/rGO-graft-PTMC com-
posite fibers were successfully fabricated by electro-
spinning technology. In contrast to previous
experience with rGO, addition of rGO-graft-PTMC to
PTMC solutions resulted in homogeneous suspen-
sions. The loading of rGO-graft-PTMC was varied
from 0 to 6.0 wt% relative to PTMC content. The fiber
morphology and average diameter of the PTMC/
rGO-graft-PTMC composite fibers were affected by
the content of rGO-graft-PTMC. In addition, the
integration of rGO-graft-PTMC led to an increase in
thermal stability and hydrophobicity of the fibers.
PC12 cell viability results demonstrated that the
PTMC/rGO-graft-PTMC composite fibers had good
biocompatibility. Therefore, the PTMC/rGO-graft-
PTMC composite fibers are promising materials for
nerve tissue regeneration.
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