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Abstract

Nanofibrous scaffolds are very promising physical guidance substrates for regenerating nerves
to traverse larger nerve gaps. In this study, we have attempted to develop 2D random and 3D
longitudinally oriented nanofibers of poly(lactide-co-glycolide) (PLGA) by the modified
electrospinning process and characterized the surface morphology, mechanical properties,
porosity, degradation and wettability. The orientation of aligned fibers was optimized by
varying the speed of the rotating mandrel in the electrospinning process. The mean diameter
of random PLGA nanofibers was 197 &+ 72 nm, whereas that of the aligned PLGA fiber was
187 = 121 nm. The pore size of aligned PLGA nanofibers (3.5 &= 1.1 um) was significantly
lower than their respective random nanofibers (8.0 = 2.0 um) (p < 0.05). However, the
percentage porosity of both scaffolds was comparable (p > 0.05). The mass loss percentage
and molecular weight loss percentage due to degradation was higher in random PLGA fibers
when compared to aligned PLGA after 5 weeks (p < 0.05). The tensile strength and Young’s
modulus of random PLGA fibers were significantly higher than those of the aligned PLGA
nanofibers (p < 0.05). Both random and longitudinally aligned scaffolds were used for the

in vitro culture of Schwann cells. Morphology and cell proliferation results demonstrated that
the aligned fibers assist the direction of Schwann cells and a better proliferation rate than their
random fibers. The results confirmed that aligned nanofibers have better deformability, slow
degradation, comparable porosity and orientation cues than random nanofibers. Hence the
longitudinally aligned nanofibers may be ideal scaffolds for nerve regeneration.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Nerve injury is a serious clinical complication which requires
immediate intervention to restore the functions since the
matured neurons do not undergo cell division. In a small
nerve defect the axons can bridge the gap through the
formation of fibrin cable and Bungner bands [1]. However,
in larger lesions, denuded peripheral nervous system axons
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are unable to regenerate inherently [2]. The current gold
standard approach of using autografts to bridge larger gaps
has limitations such as painful neuroma formation, functional
loss at the donor site, compliance mismatch, etc [3]. Hence,
development of artificial nerve grafts offers a viable alternative
to the conventional autografts to treat neural defects [4].
After peripheral nerve injury, glial cells migrate toward
the distal end of smaller gaps to direct the neurite outgrowth
[5]. In larger nerve gaps, the fibrin cable and Bungner band
formation are compromised [6]. Therefore, it is desirable
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to treat the larger nerve gaps using a scaffold having well-
defined architecture to orient the glial cells longitudinally
toward the distal end while acting as physical template to
bridge the gap. Thus the proposed scaffold should be tubular
with desired topographical cue (uniaxial alignment fibers),
compliant match to the native nerves in order to orient the
glial cells toward the distal end [7].

Electrospinning is a well-known technique for the
fabrication of nanofibrous scaffolds for tissue engineering
applications [8]. Electrospun nanofibrous scaffolds have
received much attention in tissue engineering due to
the resemblance with collagen fibers in extracellular
matrix, high surface area to volume ratio, high porosity,
and tailorable mechanical and degradable properties
[7,9-11]. Recent studies have demonstrated that the direction
of the aligned nanofiber scaffold determines the path for
neurite extension [12]. Poly(lactide-co-glycolide) (PLGA)
random nanofibers and microfibers, aligned microfibers
and films were investigated for the C17.2 neural stem
cell culture and the differentiation of neurons along the
fiber direction toward the treatment of neural defects [13]
was recognized.  Aligned electrospun collagen/(poly(e-
caprolactone)(PCL) fibers support cell proliferation, glial
migration, and orientation of neurite outgrowth, suggesting
their suitability as nerve implants [7]. Aligned electrospun
PCL fibers have been found to up-regulate specific genes
such as PO and down-regulate NCAM-1 in cultured Schwann
cells thereby promoting the Schwann cell maturation [12].
Significantly higher Schwann cell migration and neurite
outgrowth were observed in uniaxially aligned fibers of
poly(acrylonitrile-co-methylacrylate) (PAN-MA) developed
by electrospinning than in random fibers [14].

Recently a tubular scaffold has been proved as a promising
substrate for use in tissue engineering due to its uniform
thickness, properties and mechanical strength all over the tube
[15]. However, the orientation of electrospun nanofibers is
a challenge due to their intricate three-dimensional whipping
motion of a jet [16]. A high-speed rotating drum has been
used to align the fibers circumferentially [17]. However, the
complaint mismatch of the graft and partial alignment of fibers
limit their use in neural regeneration [18]. A thin disk with a
sharp edge collector has been found to improve the orientation
of fibers [19]. However, fibers were collected only at the edge
of the disk. The use of auxiliary electrodes as a collector has a
profound effect on the orientation of fibers [18]. A charged jet
experiences a strong stretching force between the electrodes
when it reaches the collector. This facilitates the formation of
suspended arrays of aligned fibers across the gap. However,
developing a thicker layer and longer length of aligned fibers
is very difficult [18].

Among the synthetic biodegradable polymers, PLGA
has been chosen for this study as it is most extensively
investigated for neural regeneration and also because of its
established biocompatible and biodegradable properties [13].
In addition to this, PLGA has shown better performance
in terms of cell viability, apoptotic activity, mitochondrial
metabolic activity, proliferation and differentiation rate of
HiB5 cells than poly(L-lactic acid) (PLLA) and (poly(lactide-
co-e-caprolactone) (PLCL) [20]. In this study, we have
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proposed a simple electrospinning setup to obtain a tubular
structure with longitudinally aligned nanofibers. Using such
setup, we have developed a longitudinally aligned PLGA
nanofibrous scaffold. =~ The properties of a 3D aligned
scaffold such as porosity, mechanical strength, wettability and
biodegradability were investigated and compared with respect
to a 2D random mat to explore its applications on axonal
regeneration. The rat Schwann cell adhesion and proliferation
on both 2D and 3D scaffolds were investigated to investigate
3D scaffold applications in neural tissue engineering.

2. Materials and methods

2.1. Materials

PLGA (M,-118 kDa) was purchased from Lakeshore
Biomaterials, Birmingham, USA. Dichloromethane (DCM)
and N,N-dimethyl formamide (DMF) were purchased from
Merck, India and used without any further purification.

2.2. Fabrication of random and aligned nanofibrous scaffolds

The 2D random and 3D aligned PLGA nanofibers were
developed through electrospinning under optimum conditions.
Briefly, 12% (w/v) of PLGA was dissolved in a mixture
of DCM and DMF (9:1). This solution was loaded into a
5 mL glass syringe and the flow rate of 0.001 mL min~!
was controlled by syringe pump (KD Scientific 200, USA). A
high voltage (25 kV) was applied using a high-voltage power
supply (Zeonics, India). The 2D random fibers were collected
on aluminum foil fixed onto a grounded metal collector.

The 3D axially aligned nanofibers were collected using
a grounded rotating mandrel (3 mm in diameter) with small
insulating gaps (figure 1). Briefly, a small insulating sleeve
(1.5 em in length) was introduced into the rotating metal
rod (4 mm in diameter) to create an alternating metal and
insulating part, and the metal rod was connected with ground.
The insulating gap between the grounded metal rod behaves
as an auxillary electrode which allows the deposition of
longitudinally oriented fibers onto the insulating portion of
the rod. The speed of the mandrel was varied from 1000 to
2500 rpm using a motor (Remi, India) to improve the fiber
orientation, while other parameters such as concentration,
flow rate, applied voltage and tip—target distance were
maintained at 12% (w/v), 0.001 mL min—', 25 kV and
12 cm respectively. These electrospun nanofibers were stored
in a vacuum desiccator for further characterization.

2.3. Surface morphology

The surface morphology, diameter of the fibers and orientation
of aligned fibers were determined using a scanning electron
microscope (SEM, JEOL FE-SEM 6701F, Japan). The
electrospun nanofibers were sputter coated with platinum and
examined under SEM at an accelerating voltage of 3 kV. The
distribution of fiber orientation was analyzed by calculating the
relative angle of individual fibers from +90° to —90° where 0°
was taken as the axial direction.
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Figure 1. (A) Electrospinning setup used for the fabrication of the
longitudinally oriented tubular scaffold. (B) Tubular scaffold.

2.4. Contact angle measurement

The water contact angle of both 2D random and 3D aligned
nanofibers was measured using a goniometer (Rame-Hart,
USA). Approximately 5 pL of deionized water was carefully
placed on to the surface of electrospun fiber and contact angle
values were calculated (n = 5).

2.5. Mechanical testing

Mechanical properties of 2D random and longitudinally
aligned 3D PLGA scaffolds were determined using an Instron
uniaxial tensile testing machine (INSTRON, USA). The 2D
specimens were cut into dumbbell shape with a width of
10 mm, gauge length of 50 mm and thickness ranging from
0.17 to 0.2 mm (n = 6). Three-dimensional samples of 50 mm
length and 5 mm outer diameter were taken for measurement
(n = 6). Load deformation data were recorded at a deforming
speed of 1 mm s™!, and the stress—strain curve of nanofibers
was constructed from the load deformation curve.

2.6. Porosity measurement

The porosity and distribution of pore size of both 2D random
mats and 3D aligned scaffolds were measured using mercury
intrusion porosimeter (Micromeritics Autopore IV, USA). The
2D random PLGA scaffold (0.2 mm thickness) was cut into
2 cm x 5 cm rectangular shapes and weighed (n = 3). For
the 3D aligned scaffold, samples of 3 mm inner diameter and
5 cm length were taken for analysis (n = 3). The pressure was
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varied from 0.1 to 50 psi with the equilibration time of 60 s
for each intermediate data point. The pore size and porosity
of all scaffolds were determined from the amount of mercury
that penetrated into the sample at different pressures.

2.7. In vitro degradation study

The 2D random electrospun membranes were cut into a square
shape with dimensions of 40 mm x 40 mm for in vitro
degradation (n = 3). The 3D aligned fibers with 3 mm inner
diameter and 20 mm length were used for degradation study
(n = 3). The weight of the 2D random and 3D aligned
fibers was measured and the fibers were immersed in
30 mL phosphate buffered saline (PBS) at pH 7.4 and 37 °C
with constant shaking using a water bath shaker (LABLINE,
India), and the PBS solution was changed every 3 days. At
predetermined time points (1, 2, 3, 4 and 5 weeks) the samples
were removed and rinsed with deionized water, dabbed with
tissue paper to remove surface water and dried under vacuum
for 1 week. The dry weights of both the 2D random and 3D
aligned nanofibers were recorded and the surface morphology
of degraded sample was characterized using a SEM. The
weight loss percentage of each sample was calculated by the
following formula:

Weight loss percentage
__ initial weight of sample — dry weight of degraded sample

initial weight of sample
x100.

The molecular weight loss of both polymeric scaffolds at
different time points was characterized using gel permeation
chromatography (GPC, Agilent 1200 Series, USA) by
injecting 50 uL of each sample. The samples were dissolved
in THF to make a 1% solution and eluted at a flow rate of
1.5 mL min~! through a size exclusion column calibrated
using a polystyrene standard.

2.8. Cell seeding

Cell adhesion and proliferation on the surface of the random
and aligned PLGA nanofibers were evaluated to access the
viability of Schwann cells. The rat Schwann cell line (CRL-
2765) was purchased from ATCC, USA, and was cultured in
DMEM (ATCC, USA) supplemented with 10% FBS (Gibbco,
USA) and 1% penicillin/streptomycin (Himedia, India) and
maintained at 37 °C and 5% CO,. Prior to cell seeding,
each side of the random and aligned PLGA nanofiber mat
was sterilized by exposure to UV light for 1 h. Five thousand
cells were seeded on each scaffold to study the cell adhesion
at various time points and twenty five thousand Schwann cells
were seeded to evaluate the cell proliferation.

2.9. Cell adhesion and proliferation

After the first and third days, the scaffolds were rinsed
with PBS twice and fixed with 2% glutaraldehyde for 1 h.
The scaffolds were further rinsed with distilled water and
dehydrated with graded concentrations of alcohol (50%, 75%,
95% and 100%) and were air dried. The dried specimens were
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sputter coated with gold and observed under a SEM with an
accelerating voltage of 3 kV.

The cell proliferation on both aligned and random
scaffolds was determined at different time points 1, 3, 5
and 7 days using a colorimetric MTS assay (CellTiter 96®
AQueous One solution, Promega, USA). At each time point,
the scaffolds were washed with PBS twice and 1 mL of fresh
serum-free medium and 200 uL of MTS reagent were added
and incubated for 2 h in a CO;, incubator at 37 °C. After 2 h,
250 pL of the SDS reagent was added to stop the reaction. The
absorbance was measured at 490 nm using a Tecan microplate
reader (Tecan infinite M200, Australia). The absorbance was
converted into cell number using a standard curve. Tissue
culture polystyrene (TCPS) was used as control.

2.10. Statistical analysis

All values were statistically analyzed and expressed as mean
+ standard deviation. One way analysis of variance (one-way
ANOVA) was performed to assess the effect of two different
scaffolds on scaffold properties such as pore size, porosity,
mechanical strength and wettability. Two-way analysis of
variance (two-way ANOVA) was used to evaluate the effect
of two different scaffolds and time points on the degradation
rate as well as on the cell proliferation rate. In both cases the
statistical significance was evaluated at 95% confidence limits
(p < 0.05). If statistically significant, a post-hoc Tukey test
was performed to determine which means were different from
the others.

3. Results

3.1. Surface morphology of random and aligned nanofibers

In this study, we have systematically optimized the various
process parameters such as flow rate, applied voltage and
tip—target distance, and the solution parameters (viscosity,
molecular weight, solution conductivity) to obtain defect-
free random fibers of PLGA. The surface morphology of
PLGA nanofibers (figure 2) was smooth and the diameter of
PLGA nanofibers was 197 £ 72 nm. For the fabrication
of 3D aligned nanofibers, the speed of rotating mandrel was
optimized for PLGA while keeping the other parameters such
as concentration, flow rate, needle gauge, applied voltage and
tip—target distance constant and the speed of the mandrel was
varied from 1000 to 2500 rpm for maximum orientation.

At 1000 rpm, the randomness of the fiber orientation
was apparent (figures 3(A1) and (A2)) indicating that
1000 rpm was not sufficient to orient the fibers axially.
With the increase in speed to 1500 rpm (figures 3(B1) and
(B2)) most of the fibers were in a diagonal direction which
confirmed that the speed influences the orientation of fibers.
At2000 rpm, most of the PLGA fibers showed high-order axial
alignment (figures 3(C1) and (C2)). However, at higher speeds
(2500 rpm) multiple breakages in the collected fibers were
observed thereby disrupting the orientation (figures 3(D1)
and (D2)). Therefore, 2000 rpm was selected as an ideal
speed for PLGA to achieve maximum longitudinal orientation.
The mean diameter of the aligned PLGA was found to be
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Figure 2. Scanning electron micrograph of two-dimensional
random PLGA. Defect-free fibers with average diameter of 192 +
72 nm were formed.

Table 1. Mechanical properties of random and aligned electrospun
scaffolds. Aligned PLGA scaffolds have significantly higher
elongation and lower ultimate tensile strength and Young’s modulus
Cp < 0.05).

Ultimate tensile  Young’s Elongation
Materials strength (MPa) modulus (MPa) (%)
Random PLGA 2.6 +0.3° 1345 £ 227 145+ 46"
Aligned PLGA 2.1 +04° 404+182° 260496

187 £+ 121 nm. The 2D random and 3D aligned fibers of
PLGA were used for further characterization.

3.2. Contact angle

To study the wettable property of the scaffold, we have
measured the water contact angle using a goniometer. The
random PLGA nanofibers showed the contact angle of about
99.22 + 3.6°, whereas the contact angle of aligned fibers was
112.40 &+ 2.0°.

3.3. Mechanical testing

The ultimate tensile strength, percentage elongation and
Young’s modulus were calculated and shown in table 1
for 2D random and 3D aligned nanofibers. The random
PLGA nanofibers exhibited significantly higher ultimate
tensile strength, higher Young’s modulus and lower elongation
percentage than aligned PLGA (p < 0.05). However, the lower
Young’s modulus and higher percentage elongation of aligned
PLGA proved its higher flexibility and elastic property than
random PLGA.

3.4. Porosity and pore size distribution

The porosity of 2D random and 3D aligned nanofibers was
determined using a mercury porosimeter (table 2). The
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Figure 3. Scanning electron micrographs showing the orientation and histograms of the fiber angle of the PLGA nanofiber at various
rotation speeds (A) 1000 rpm; (B) 1500 rpm; (C) 2000 rpm; and (D) 2500 rpm.

porosity of the random and aligned scaffolds was compared
(p = 0.05). Mercury porosimeter analysis demonstrated that
the pore size of random PLGA (8.0 + 2.0 um) nanofibers
was significantly higher than that of the aligned PLGA
(3.5+ 1.1 pm) (p < 0.05).
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3.5. In vitro degradation

The in vitro degradation of both 2D random and 3D aligned
electrospun fibers was carried out in PBS at pH 7.4 and at
37 °C with constant shaking for 5 weeks. At the end of
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Random aligned

Figure 4. In vitro degradation of 2D random of PLGA after (A1) 1 week, (A2) 2 weeks, (A3) 3 weeks, (A4) 4 weeks and (A5) 5 weeks; and
3D aligned PLGA nanofibers after (B1) 1 week, (B2) 2 weeks, (B3) 3 weeks, (B4) 4 weeks and (B5) 5 weeks.

each degradation period, the samples were characterized for apparent change in the morphology of 2D PLGA random
morphological change using a SEM and percentage mass fibers up to 3 weeks (figures 4(A1)—(A3)). After 4 weeks,
loss and percentage molecular weight loss. There was no there was presence of tiny pores on the nanofiber surface

6
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Figure 5. In vitro degradation of 2D random and 3D aligned
nanofibers: (A) percentage mass loss percentage and (B) molecular
weight loss percentage.

Table 2. Percentage porosity, pore size distribution and contact
angle for random and aligned electrospun scaffolds ("p < 0.05).

Electrospun Porosity Pore size Contact angle
scaffolds (%) (pem) ()

Random PLGA 7494103 83+20° 992+3.6
Aligned PLGA 75.7+32 35+1.1° 1124420

(figures 4(A4) and (A5)) indicating the onset of degradation of
PLGA fibers. It was apparent that the pore size increased with
the time indicating the bulk degrading behavior of random
PLGA. Interestingly, aligned PLGA fibers did not show any
morphological change up to 4 weeks (figures 4(B1)—(B4)).
Only after 5 weeks, there was a visible thinning of fibers
(figure 4(B5)), confirming the slow degradation rate of
the aligned PLGA scaffold. This was also confirmed by
determining the mass loss percentage. The PLGA random
fibers showed significantly greater mass loss percentage
(31.5%) after 5 weeks than the mass loss percentage of the
aligned PLGA scaffold (p < 0.05) (figure 5(A)). At the end
of 5 weeks, random PLGA nanofibers were found to have
significantly higher molecular weight loss percentage when
compared to aligned PLGA nanofibers (p < 0.05) (figure 5(B)).

3.6. Cell adhesion and proliferation

The morphology of Schwann cells was observed using a SEM
after the first and third days. After 1 day cell culture, the
cells on the aligned fibers (figure 6(A1)) follow the fiber
direction, whereas the random fibers (figure 6(B1)) showed
randomly oriented cells. After 3 days, cells on aligned
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fibers (figure 6( A2)) acquired spread morphology and covered
the maximum surface of the nanofibers than random fibers
(figure 6(B2)). The cell proliferation of Schwann cells on both
random and aligned nanofibers was quantitatively evaluated.
It was observed that significantly higher number of cells were
found on the aligned scaffold when compared to random and
TCPS (control) (figure 7).

4. Discussion

Nerve tissue is composed of bundles of nerve fibers
packed together by connective tissue to transmit the signal
unidirectionally [21]. Moreover, across a smaller nerve gap,
the regeneration is promoted by the formation of a fibrin
cable which in turn orients the Schwann cells longitudinally
[6]. Electrospinning has been used to develop longitudinally
oriented 3D nanofibers to bridge larger gaps, resemble the
native architecture of ECM and orient the axons across the
lesion. In this study, we have optimized the process parameters
such as flow rate, applied voltage and tip—target distance, and
the solution parameters such as viscosity, molecular weight
and solution conductivity to fabricate defect-free random
and aligned fibers of PLGA. The choice of the solvent,
concentration of polymers, flow rate, tip—target distance,
and needle diameter will greatly influence the fiber size and
morphology [11].

Figure 1 illustrates the electrospinning setup (figure 1(A))
used for fabricating a tubular scaffold (figure 1(B)) with
longitudinally oriented nanofibers. It is basically the same
as the usual setup except for the use of a rotating metal
rod comprising a number of insulating gaps of 1.5 cm in its
middle as a collector. Such a collector is fabricated simply
by introducing an insulating sleeve into the metal rod. After
applying high voltage, the electric field in close proximity to
the collector was split into two portions pointing toward the
opposite edges of the insulating gap [22]. It is assumed that
the charged fibrous jet ejected from the needle experienced
electrostatic forces. First electrostatic force is used to pull
the charged fibers toward the target. Due to Coulombic
interactions, the charged fiber in the vicinity of each electrode
creates another strongest electrostatic force used to stretch
the nanofibers across the insulating gap in the rod [23]. The
major advantage of this setup is that the fibers deposited across
the gap can slowly lose their charge which can create an
electrostatic repulsion between the collected fibers and the
depositing fibers for few seconds. This repulsive force further
improves the orientation of fibers. Thereby we were fabricated
tubes made of longitudinally aligned fibers by varying the
speed of the rotating collector.

In this study, we have used a dynamic collector to generate
highly oriented fibers by varying the rotation rate. Similar to
the findings of Zussman ef al, we observed that the rotating
speed of the metal rod influenced the fiber orientation for
PLGA [15, 24]. The axial deposition of fibers onto the rotating
rod is mainly through stretching of fibers across the insulating
gap. The wettability of the scaffold was increased in aligned
rather than in random fibers. The increase in the contact angle
of axial fibers may be due to the decreased pore size having
direct influence on smoothness of the scaffolds.
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Figure 6. Scanning electron micrograph of Schwann cells on scaffolds after (A1) first day on aligned PLGA, (B1) first day on random
PLGA, (A2) third day on aligned PLGA and (B2) third day on random PLGA.

The mechanical properties of 2D random and 3D axially
aligned electrospun fibers were measured using a uniaxial
testing machine with a deforming speed of 1 mm s~ at
room temperature to evaluate the effect of fiber alignment and
materials on mechanical strength. The tensile strength of the
PLGA of random fibers was significantly greater than that of
the aligned PLGA fibers. This is because the entwined fibers
in the random scaffold offer more surface resistance, thereby
improving the tensile strength than aligned fibers. However,
the tensile strength of the aligned PLGA scaffold (2.1 MPa)
closely matches with the tensile strength (1.4 MPa) of acellular
rat peripheral nerve [25]. The significantly lower Young’s
modulus and greater elongation percentage of aligned fibers
demonstrated the flexibility of aligned scaffolds than that of
random scaffolds [26].

Porosity is an important characteristic of the scaffolds
in tissue engineering since it provides structural space for
cell lodging, exchange of nutrients and metabolic waste and
angiogenesis [27]. Yang et al fabricated nanostructured porous
PLLA scaffolds for nerve tissue engineering and observed that
random orientation increased the pore size in the nanofibers
as compared to aligned fibers [28]. In the present study, a
significant reduction in the pore size was observed in axially
aligned PLGA fibers as compared to random fibers. This
may be attributed to the fact that the axial alignment improves
the compactness of the fibers through the speed of the rod,

Page 9 of 12

1200000

1000000+

800000 -

600000 -

400000 -

Number of cells

200000 -

0

1 3 5 7
Days
®TCPS w®RandomPLGA w» Aligned PLGA

Figure 7. Number of Schwann cells on the surface of random
PLGA, aligned PLGA and TCPS (control) (*p < 0.05).

thereby reducing the pore size [29]. Gupta ef al reported that
the 1-2 pm pore size of the scaffold was found to be desirable
for cell migration and nutrient flow [26]. The aligned scaffold
showed suitable pore size (3.5 pm) for cell supporting capacity
which is close to the range of 1-2 pm. The scaffold with
low degradation behavior and swelling property acquires more
attention to withstand nerve compression [26]. In this study,
we have observed the influence of longitudinal orientation on
the manipulation of degradation behavior. The significant
reduction in the degradation in axial fibers rather than in
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random 2D fibers may be due to the decreased pore size of
the aligned fiber which decreases the diffusion rate of PBS
thereby controlling the degradation rate.

Schwann cells are the glial cells present in the PNS
that surround the neuronal axons to form a myelin sheath
and helps in aiding the axonal regeneration by providing
neurotropic factors and cell adhesion molecules [30, 31]. A
two-dimensional aligned PCL/gelatin nanofibrous scaffold
fabricated by Gupta et al showed lesser proliferation of
Schwann cells than random fibers [26]. Currently three-
dimensional constructs have received more attention to
maximize the topographical directional cue for neurite
outgrowth and to minimize the dead space, cross-sectional
area occupied by the polymer [14]. In our study, Schwann
cells were adhered on the surface of the aligned 3D PLGA
fibers and the cell proliferation study confirmed that the cells
on the aligned fibers have a significantly higher proliferation
than those on random and TCPS. This observation could
be attributed to the fact that the orientated as well as the
three-dimensional architectures improve the arrangement of
cells which assists the proliferation of a higher number of
cells. SEM micrographs of Schwann cells after days 1 and
3 on aligned scaffolds supported the same by covering a
maximum surface of the scaffolds. These results indicated
that the fabricated oriented scaffolds have better flexibility
and prolonged degradation behavior with lesser pore size than
the random scaffolds. The aligned scaffolds were also able
to guide the neural cells along their length and may provide
enough physical substrate to enable regenerating fibers to
traverse the larger gaps.

5. Conclusions

We have established a novel approach to producing a
tubular scaffold with longitudinally aligned structure by
modifying the electrospinning process. Such a technique
also has an advantage of developing a thicker layer of
oriented fibers. In this study, PLGA of both random and
longitudinally oriented nanofibers was fabricated successfully
through electrospinning. It was confirmed that the orientation
of the fiber plays a major role in the tailoring of the
scaffold properties such as porosity, mechanical property,
degradability and wettability. The longitudinally oriented
scaffold demonstrated good flexibility, slower degradation,
less pore size with comparable porosity of random fibers and a
better cell proliferation rate than its random fibers. In addition
to this, the similar topography of natural ECM indicates that
the longitudinally aligned scaffold is a suitable substitute for
orienting the neural cells across the lesion.
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