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Bioengineering  strategies  for  peripheral  nerve  regeneration  have  been  focusing  on  the  development
of  alternative  treatments  for nerve  repair.  In present  study  we  have  blended  the  Vitamin  B5  (50 mg)
with  8%  P(LLA-CL)  and  P(LLA-CL)/SF  solutions  and  produced  aligned  electrospun  nanofiber  mashes  and
characterized  the  material  for its physiochemical  and  mechanical  characteristics.  The  vitamin  loaded
composites  nanofibers  showed  tensile  strength  of  8.73  ± 1.38 and  8.4  ±  1.37  in  P(LLA-CL)/Vt  and  P(LLA-
CL)/SF/Vt  nanofibers  mashes,  respectively.  By  the addition  of vitamin  B5  the  P(LLA-CL)  nanofibers  become
hydrophilic  and  the  contact  angle  decreased  from  96◦ to 0◦ in 6 min  of  duration.  The  effect  of vitamin  B5
on  Schwann  cells  proliferation  and  viability  were  analyzed  by  using  MTT assay  and  the  number  of  cells
cultured  on  vitamin  loaded  nanofiber  mashes  was significantly  higher  than  the  without  vitamin  loaded
nanofiber  samples  after  5th day  (p< 0.05)  whereas,  P (LLA-CL)/SF/Vt  exhibit  the consistently  highest  cell

numbers  after  7th  days  culture  as compare  to P  (LLA-CL)/Vt.  The  in  vitro  vitamin  release  behavior  was
observed  in  PBS  solution  and  released  vitamin  was  calculated  by  revers  phase  HPLC  method.  The  sustain
release  behavior  of vitamin  B5 were  noted  higher  in P(LLA-CL)/Vt  (80%)  nanofibers  as  compared  to  P
(LLA-CL)/SF/Vt  (62%)  nanofibers  after 24  h. The  present  work  provided  a basis  for further  studies  of  this
novel  aligned  nanofibrous  material  in nerve  tissue  repair  or regeneration.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Current bioengineering strategies for peripheral nerve regen-
ration have been focused on the development of alternative
reatments for nerve repair [1]. Recent nanomaterial based scaf-
olds are produced by combination of various biological molecules
uch as growth factors, proteins and polysaccharides with natu-
al or synthetic polymers to improve their physiochemical and

echanical properties [2]. Different methods have been used

o produce nanostructured scaffolds such as electrospinning [3],
hase separation [4], self-assembly [5] and computer aided design
ased fabrication techniques [6] intended to enhance axonal

∗ Corresponding author at: Biomaterials and Tissue Engineering Lab, College of
hemistry, Chemical Engineering & Biotechnology, Donghua University, Shanghai
01620, PR China.

E-mail address: xmm@dhu.edu.cn (X. Mo).

ttp://dx.doi.org/10.1016/j.colsurfb.2016.04.013
927-7765/© 2016 Elsevier B.V. All rights reserved.
growth. Nanofibrous scaffolds produced by electrospinning have
gained increasing popularity in the field of tissue engineering
because of its simplicity and flexibility of processing [7–9]. The
basic setup of electrospinning consists of a spinneret, collector and
high voltage supply [10]. During electrospinning process high volt-
age interacts with polymer solution resulting stretch droplet is
formed that erupt from the needle tip where sufficient high molecu-
lar cohesion produces jet. The elongation of jet is further proceeded
by whipping process initiated due to electrostatic repulsion at small
bends in the fiber till final deposition to collector [11]. The fiber
diameter size depends on the voltage supply, distance between the
collector & needle, flow rate and concentration of the solution [12].
We can electrospun wide range of natural or synthetic polymers
and even mixed solutions, according to its application in tissue

engineering. An electrospun scaffold has characteristic advantages
of an extremely high porosity and surface area to volume ratio
mimicking the features of extracellular matrix (ECM) and makes
it promising for tissue regeneration. Aligned nanofibers have been

dx.doi.org/10.1016/j.colsurfb.2016.04.013
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfb.2016.04.013&domain=pdf
mailto:xmm@dhu.edu.cn
dx.doi.org/10.1016/j.colsurfb.2016.04.013
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Fig. 1. SEM images of nanofibers and their diameter distribution 

hown to direct cell migration, which plays a critical role in nerve
egeneration [13,14]. Aligned nanofibers can be obtained by correct
hoice of collector in the electrospinning equipment [15]. A num-
er of synthetic or natural biopolymers, such as poly (l-lactic acid)
PLLA), Poly (lactic-co-glycolic acid) (PLGA), Poly (caprolactone)

PCL) collagen and chitosan have been utilized to produce nerve
uidance conduit (NGC) for nerve repair [6,16–18]. Although these
egradable biomaterials have achieved some encouraging results

n neural regeneration but still lacking biological or mechanical
 A: P(LLA-CL) B: P(LLA-CL)/SF C: P(LLA-CL)/Vt D: P(LLA-CL)/SF/Vt.

properties [19]. Most of the synthetic biodegradable materials have
hydrophobic nature which limits their use as tissue engineering
scaffolds. The surface hydrophilicity could be enhanced by coating
of ECM proteins or specific amino acid sequence on the surface of
material by using appropriate surface modification method [20].

Recently some micronutrients such as growth factors, vitamins
and other biological molecules are also incorporated in composite
manner to enhance the regeneration process in tissue engineering
[21–24].



110 M.A. Bhutto et al. / Colloids and Surfaces B: Biointerfaces 144 (2016) 108–117

Fig. 2. The ATR-FTIR spectrum of SF, Vitamin B5, P(LLA-CL), P(LLA-CL)/Vt, P(LLA-CL)/SF and P(LLA-CL)/SF/Vt.
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Fig. 3. Water contact angle measurement on electrospun nanofibe

Vitamins are essential micronutrients and performed various
iochemical functions in our body, such as function as hormones,
ntioxidants, mediators for cell signaling and as regulators of cells
r tissue growth and differentiation. Vitamin B5 is water soluble in
ature and involve in a variety of reactions that sustain life. Vita-
in  B5 is part of the B-complex family of vitamins, also known as

antothenic acid or pantothenate. Pantothenic acid is the amide
etween pantoic acid and �-alanine. It is a component of an essen-
ial coenzyme A (CoA), which is necessary for energy metabolism

nd allowing carbohydrates, fats, and proteins to be burned as fuel
ource to help mitochondria for its optimal function [25,26]. Mean-
hile, Vitamin B5 also supports in the production of acetylcholine,
hich is a neurotransmitter [27], So incorporation of vitamin B5 as
face of P(LLA-CL), P(LLA-CL)/SF, P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt.

biomaterial in nerve scaffolds could improve the physiochemical
properties of nanofiber and may  helpful for nerve regeneration.

Previously our group has been reported the well-blended
natural-synthetic polymeric electrospun nanofibers of silk fibroin
(SF) with poly (l-lactic acid-co-�-caprolactone) (P(LLA-CL)) and it
was noted that SF blending with P(LLA-CL) has greatly improved
the cell affinity [28]. Further in vivo effect of aligned SF/P(LLA-
CL) NGC was studied in the rat sciatic nerve injury model [29].
SF is an excellent biopolymer with diverse properties including

good biocompatibility, blood compatibility, good oxygen & water
permeability, biodegradability and minimal inflammatory reac-
tion [30,31]. Present work is the continuity of previous work to
enhance the efficiency of nerve scaffold, so we  blended the Vita-
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ig. 4. Mechanical properties of nanofibers A:tensile stress-strain curve, B: tensile st
n  comparison with P(LLA-CL),** = P(LLA-CL) and P(LLA-CL)/SF and *** = P(LLA-CL), P

in  B5 with P(LLA-CL) and P(LLA-CL)/SF solutions and produced
ligned electrospun nanofiber mashes and characterized the mate-
ial for its morphology by SEM, FTIR analysis, mechanical strength,
nd surface wettability properties. The quantitative release behav-
or of vitamin B5 from loaded nanofibers were determined by
PLC method and evaluated its possible use for nerve tissue engi-
eering by growing of schwann cells and measured its growth
y 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTT) assay. The present work provides basis for further studies
f this novel aligned nanofibrous material in nerve tissue repair or
egeneration.

. Material and method

.1. Materials

Cocoons of Bombyx mori silkworm were kindly supplied by Jiax-
ng Silk Co.Ltd. (China), Vitamin B5 were purchased from Sigma.
he co-polymer of Poly (l-lactide-co-caprolactone) (P(LLA-CL))
50:50) was purchased from Jinan Daigang Bioengineering Co. Ltd
China). 1,1,1,3,3,3,-hexafluoro-2-propanol (HFIP) was purchased
rom Daikin Industries Ltd (Japan). Cell culture reagents including
etal bovine serum (FBS), horse serum (HS), Dulbecco’s modi-
ed Eagle’s medium (DMEM), phosphate-buffered saline (PBS),

rypsin/EDTA, RPMI 1640 medium and penicillin–streptomycin

ere purchased from Invitrogen and Sigma–Aldrich (St. Louis, MO).

he Mouse Schwann cells for in vitro analysis were obtained from
hanghai Institute of Biochemistry and Cell Biology (SIBCB, CAS,
hina).
 at break, C: elongation at break and D: Young’s modulus (* = significance difference
L)/SF and P(LLA-CL)/SF/Vt. p < 0.05, n = 5).

2.2. Preparation of silk fibroin (SF)

The silk fibroin (SF) was prepared as an earlier published proce-
dure [29]. Briefly, raw silk was  degummed three times with 0.5 wt%
Na2CO3 solution at 100 ◦C for 30 min  and washed with distilled
water. Then degummed silk was dissolved in CaCl2/H2O/EtOH solu-
tion (molar ratio 1:8:2) at 70 ◦C for 1 h. The solution was  dialyzed
with cellulose tube (250-7u; Sigma) in distilled water for 3 days
at room temperature. The water was  exchanged after every 4 h.
Finally the SF solution was  filtered and freezing-dried to obtain the
regenerated SF sponges.

2.3. Electrospinning

The electrospinning solution was  prepared by dissolving the
P(LLA-CL) and silk fibroin with ratio of 70:30 in 1,1,1,3,3,3-
Hexafluoro-2-propanol (HFIP) to yield an ultimate concentration
of 8 wt%  (w/v) and for control pure 8 wt% (w/v) P(LLA-CL) solu-
tions was prepared by using same solvent system. However 50 mg
of vitamin B5 were added in both solutions with total volume of
10 mL  to produce the P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt solutions,
and all prepared solutions were constantly stirred overnight.

The 3 mL  of each solution were pumped through 21 gauge nee-
dle with the flow rate of 1 mL/hour whereas the distance between

the collector and syringe was  set 15 cm.  A high voltage of 12 KV was
supplied by a high voltage power supply (BGG6-358, BMEI Co Ltd,
Beijing China). The aligned nanofibers were collected by using the
rotating drum collector at a speed of 3000 rpm.
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ig. 5. Schwann cell proliferation on P(LLA-CL), P(LLA-CL)/SF, and P(LLA-CL)/Vt a
*  = significance difference; p < 0.05 n = 3).

.4. Morphology of electrospun nanofibers

The structure and surface morphology of the prepared
anofibers were observed by scanning electron microscope (SEM)
32]. Dry samples were sputter-coated with gold for 10 s (twice)
efore the scanning of SEM at the accelerating voltage of 10 kV.

inally according to SEM Image 100 nanofibers were selected ran-
omly, measured and contrasted them by using Image J software
National Institute of Health, USA), then calculated the aver-
LA-CL)/SF/Vt nanofibers. A: Phalloidin staining (scale bar 200um), B: MTT  assay.

age diameter distribution and fiber diameter of the electrospun
nanofibers.

2.5. Characterization of electrospun nanofibers
The characterization of prepared scaffold was evaluated by
Fourier transforms infrared spectroscopy (ART-FTIR) as reported
earlier [33]. Infrared measurements were recorded for each sample
on an Avatar 380 FTIR spectrometer (Nicolet 6700, Thermo Fisher,
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ig. 6. Fluorescent images of Schwann cells cultured on the surface of aligned nano
:  P(LLA-CL)/SF and D: P(LLA-CL)/SF/Vt. (Scale bar = 100 �m). (For interpretation of 

his  article.)

SA) at transmission mode (32 scans) in the wavelength ranges
f 500–4000 cm−1. The water contact angle measurements were
ested to find the surface wettability properties of material by using

 contact angle measurement instrument (OCA40, Dataphysics,
ermany). 0.3 mL  deionized water was used for each measurement
nd 5 different positions on each sample were averaged.

The mechanical strength of the electrospun samples
10 × 30 mm2,n = 5) were tested by universal material tester
H5 K-S, Hounsfield,UK) at an ambient temperature of 20 ◦C
ith 65% humid environment. The cross head speed was  set at

0 mm/min, and the stress-strain curves were calculated for each
ample. Finally tensile strength, elongation and young’s modulus
ere calculated.

.6. Cell culture and seeding

Mouse Schwann cells (Chinese Academy of Sciences, Shanghai,
hina) were cultured in Alpha Minimum Essential Medium con-
aining 10% fetal bovine serum and 1% streptomycin/penicillin and

aintained at 37 ◦C in a CO2 incubator. The media were changed
n every 2nd day. The scaffolds were cut to 14 mm diameter and
laced into 24-well plates and triplicate samples were used for each

caffold. The samples were sterilized with 75% ethanol for 2 h, then
ashed with PBS and soaked in cell culture medium for overnight.

chwann cells were then seeded at a density of 1.0 × 104 cells per
ell and cultured for a period of 7 days.
 with labeling of cytoplasm (green) and nuclei (blue).A: P(LLA-CL), B: P(LLA-CL)/Vt,
ferences to colour in this figure legend, the reader is referred to the web  version of

2.7. Cell proliferation and morphology on scaffolds

The experiment of MTT  measured the cell proliferation and
viability was performed at 1, 3, 5 and 7 day of post-seeding,
respectively. Each test point has performed three parallel experi-
ments. The plate was  read at the absorbance of 492 nm using an
enzyme-labeled instrument (MK3, Thermo, USA). The results of
experimental data was  analysis by origin 7.5, T-test were also con-
ducted to find out the salient differences of cell proliferation in
different scaffolds.

Cell proliferation and morphology were studies on the differ-
ent scaffolds by performing paraffin embedding phalloidin and
Immunofluorescence staining. After 4 days of post-seeding, cell-
scaffolds were removed form media and rinsed thricely with PBS
(5 min  per wash) and fixed with 4% (v/v) paraformaldehyde solu-
tion for 30 min, washed with PBS to remove non-adherent cells,
permeabilized in 0.1% Triton X-100 for 6 min, and then blocked in
1% BSA for 30 min  and stained with phalloidin. Immunofluores-
cence staining was performed as described earlier [34], samples
were blocked in 10% normal serum with 1% BSA in TBS for 2 h
at room temperature then S-100 (ab4066-Abcam) applied as pri-
mary antibody diluted in TBS with 1% BSA and incubated overnight
at 4 ◦C. After overnight incubation samples were rinsed thricely
with TBS 0.025% Triton and incubated for 1 h with conjugated Goat
Anti-mouse IgG (H + L) CY3 (GB21301- Abcam) diluted as per rec-

ommended concentration by manufacturer. Counter stained with
DAPI after rinsing the scaffolds with TBS and cell proliferation was
observed under an optical microscope (H600L, Nikon, Japan).
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Fig. 7. SEM images of Schwann cell growth on P(LLA-CL) and P(LLA-CL)/SF nanofibers with and without vitamin B5.
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Fig. 8. In vitro release of vitamin B5 from P(
Cell morphology and the interaction between cells and scaffolds
ere also studied by SEM at 4th day of incubation. The scaffolds
ere removed from culture media and gently washed with PBS

hen cells were fixed with 4% (v/v) paraformaldehyde solution for
L)/Vt and P(LLA-CL)/SF/Vt nanofibrous mats.
30 min  at 4 ◦C. The scaffolds were dehydrated with different ethanol
concentrations of 30, 50, 70, 90 and 100% (v/v) respectively before
being dried. Subsequently samples were coated with gold for 10 s
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twice) at the accelerating voltage of 10 kV and then imaged via
EM.

.8. In vitro vitamin B5 release studies

The release profile of vitamin B5 loaded P(LLA-CL)/Vt and P(LLA-
L)/SF/Vt nanofibers were investigated in PBS at pH 7.4. All samples
2 × 2 cm)  were incubated at 37 ◦C in 10 mL  of the aforementioned
elease medium under stirring condition. Aliquots of samples
1 mL)  were taken from the release medium after specific time
ntervals and volume was replaced with fresh PBS. The amount
5 released at various times up to 72 h was determined using a
eversed-phase HPLC method [35], consisting of analytical reversed
hase C-18 column (XDB-C18, 150 × 4.6 mm,  5 �m,  Agilent, USA),
hile mobile phase consisting of a mixture of buffer and methanol

n the ratio of 80:20 (V/V) delivered at the flow rate of 1 mL/min
ith UV detection at 210 nm.  Calibration curve of vitamin B5 mea-

ured under the same parameters and the percentage of B5 release
as calculated and plotted versus time according to the following

quation.

elease (%) = Release B5
Tatal Loaded B5

× 100

.9. Statistics analysis

Statistical analysis was performed using 8.0 (Origin Lab
nc.,USA). All the values were in triplicate and expressed as means±
tandard deviation (SD). Statistical difference between control and
ifferent samples was determined via one way ANOVA paired test

ollowed by Bonferroni’s multiple comparison test (p < 0.05) con-
idered as statistically significant.

. Results and discussion

.1. Morphology of electrospun nanofibers

Fig. 1 showed the morphology and alignments of electrospun
anofibers. SEM images showed that average diameter of P(LLA-
L) nanofiber was 419.13 ± 27.03 nm (Fig. 1A) and P(LLA-CL)/SF was
58.73 ± 74.75 nm (Fig. 1B). However, diameter of the P(LLA-CL)/Vt
nd P(LLA-CL)/SF/Vt was noted as 441.63 ± 103.03 nm (Fig. 1C) and
02.63 ± 63.89 nm (Fig. 1D) respectively. It was observed that the
iameter of P(LLA-CL)/SF nanofibers are smaller than P(LLA-CL)
anofibers as we have previously reported, it may  be due to the
resence of hydrophilic groups of SF, composed of lager side chains
f amino acids which carry repetitive same electric charges, result-

ng the repulsive force between these same electric charges were
ncreased during the process of electrospinning produced smaller
anofibers of P(LLA-CL)/SF [36]. Meanwhile, by addition of vitamin
5 (50 mg)  in both solutions increased nanofiber diameter, it might
e due to changing in viscosity of solutions. Previously it is reported
hat under the same electrospinning parameters if solution concen-
ration is changed it effects on diameter of the nanofibers [37,38].

.2. Characterization of electrospun nanofibers

The chemical characteristics of the electrospun nanofibers were
etermined by ATR-FTIR spectroscopy. Fig. 2 shows ATR-FTIR spec-
rum of SF, Vitamin B5, P(LLA-CL), P(LLA-CL)/Vt, P(LLA-CL)/SF and
(LLA-CL)/SF/Vt. The spectra for pure vitamin B5 represents the
ain characteristic two peaks of amide I (�C O) and amide II
�NH) at 1642 cm−1 and 1558 cm−1 respectively, whereas P(LLA-
L) spectra imply the characteristic ester group stretching peak at
753 cm−1 (C O).The appearing of all these three peaks in P(LLA-
L)/Vt nanofiber spectra implying the presence of vitamin with
: Biointerfaces 144 (2016) 108–117 115

P(LLA-CL). The main characteristic peak of raw SF was noted at
3292 cm−1, which represents to N H and hydroxyl O H, corre-
sponding of the stretching vibration of free amino acid group.
However, the absorbance peak of SF 3292 cm−1 is shifted to
3296 cm−1 in P(LLA-CL)/SF nanofiber. The absorbance peaks at
1653 cm−1 and 1535 cm−1 in raw SF are attributed to amide I
and amide II respectively [39]. During blending of SF with P(LLA-
CL), the characteristic peak of amide I shifted from 1653 cm−1 to
1660 cm−1,which is attributed to the bond C N and C N implied to
the crosslinking reaction, However characteristic adsorption peak
of amide II 1535 cm−1 shifted to 1538 cm−1,which represents the
transitional change of SF from �-helix to �-sheet structure [28]. By
the addition of vitamin with P(LLA-CL)/SF solution the characteris-
tic absorbance peak for vitamin is shifted from 1642 cm to 1627 cm
whereas amide II peaks are also shifted from 1535 cm to 1538 cm−1

same as in P(LLA-CL)/SF nanofibers but no significance difference
were observed in characteristic peak of amide I with reference to
raw SF, However the main characteristic peak of SF was  also shifted
from 3292 cm−1 to 3286 cm−1.

Surface wettability properties of biomaterials are very impor-
tant because it influences on cell adhesion, proliferation and
migration. The water contact angle measurements on P(LLA-CL)
and P(LLA-CL)/SF nanofibers surface with and without vitamin are
illustrated in Fig. 3. Results showed that P(LLA-CL) nanofibers sur-
face were hydrophobic (129.72◦), However by the addition of water
soluble vitamin B5 the nanofibers become hydrophilic and the con-
tact angle decreased from 96◦ to 0◦ in 6 min  of duration. Meanwhile,
P(LLA-CL)/SF nanofibers surface also observed as hydrophilic and
contact angle measurement observed to 45.11◦ in 3 min  analysis,
whereas, the addition of vitamin initially the fiber surface showed
contact angle measurement at 81◦ which is higher as compared to
without vitamin loaded fibers surface but within 5 min  it gradually
decreased to 0◦. These results are confirming that vitamin is present
throughout the nanofiber mashes and its water soluble nature turns
the hydrophobic P(LLA-CL) fibers into hydrophilic which supports
cell attachment and growth.

Mechanical properties of nanofibers play a very critical role in
application, as it need to provide an initial biomechanical profile for
the cells before new tissue can be formed [40]. The average thick-
ness of P(LLA-CL), P(LLA-CL)/SF, P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt
nanofibers meshes were 0.045, 0.0425, 0.05 and 0.05 mm,  respec-
tively. The mechanical properties of the P(LLA-CL) and P(LLA-CL)/SF
with and without vitamin loaded nanofibers were characterized by
tensile measurement. Fig. 4 represents the mechanical parameters
of with and without vitamin loaded P(LLA-CL) and P(LLA-CL)/SF
electrospun nanofibers, including the stress- strain curve, tensile
strength, elongation at break and Young’s modulus. As shown
in Fig. 4A all samples exhibit a linear elastic behavior. The ten-
sile strength and elongation at break is about two fold higher in
P(LLA-CL) and P(LLA-CL)/SF nanofibers as compare to P(LLA-CL)/Vt
and P(LLA-CL)/SF/Vt nanofibers. For example, By the addition of
vitamin the tensile strength of P(LLA-CL) nanofibers are decrease
from 13.31 ±0.89 to 8.73 ± 1.38 MPa  in P(LLA-CL)/Vt nanofibers
mashes whereas, in P(LLA-CL)/SF nanofibers it decreased from
14.88 ± 0.63 to 8.4 ± 1.37 MPa  (Fig. 4D). Meanwhile the elonga-
tion at break of P(LLA-CL) nanofibers were noted at 145.61 ± 6.33%
which is dropped down to 98.56 ± 3.48% in P(LLA-CL)/SF nanofibers
however 88 ± 5.50% and 110 ± 2.1% in P(LLA-CL)/Vt and P(LLA-
CL)/SF/Vt nanofibers mashes respectively (Fig. 4C). The young’s
modulus of P(LLA-CL) nanofibers exhibited the variable trend,
increased from 9.66 ± 2.01 to 16.73 ± 2.41 MPa  in P(LLA-CL) to
P(LLA-CL)/SF nanofibers and by the addition of vitamin decreased to

4.92 ± 1.6 and 5.62 ± 0.93 MPa  in P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt
nanofibers mashes (Fig. 4B), respectively. Although the value is
decreased with the addition of vitamin but still vitamin loaded
nanofibers are relative elastic and suitable for nerve tissue engi-
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eering, that will be helpful in handling and suturing during
mplant surgery.

.3. Cell proliferation and morphology on electrospun nanofibers

The cytocompatibility of P(LLA-CL) and P(LLA-CL)/SF have been
emonstrated in our previous work. To find the effect of vitamin
5 in nanofibers mat  on proliferation and viability of Schwann cells
ere analyzed by using MTT  assay. As shown in Fig. 5B, the number

f cells cultured on vitamin loaded nanofiber mashes was signifi-
antly higher than the without vitamin loaded nanofiber samples
fter 7th day (p < 0.05) whereas, P(LLA-CL)/SF/Vt exhibit the con-
istently highest cell numbers after 7th day culture as compare to
(LLA-CL)/Vt. We  also investigated morphology and distribution of
chwann cells on aligned nanofibers after 4th days of incubation
y phalloidin staining (Fig. 5A). The density of cells cultured on
(LLA-CL)/SF/Vt and P(LLA-CL)/Vt were higher than without vita-
in  nanofiber mashes of P(LLA-CL) and P(LLA-CL)/SF. This might

e because of two reasons, First in vitamin loaded nanofibers
he change in surface wettability property (highly hydrophilic)
nhances the cell adhesion and proliferation rate and second the
iberation of free vitamin in the cell surrounding enhanced the cell
ctivity, literature also reveals that vitamin B5 is helpful in increase
f cellular mitochondrial metabolic activity [25,28].

The Schwann cell morphology on nanofibers was studied by
mmunofluorescence staining (Fig. 6), which expressed cell nuclei

ith blue colour while fluorescence labeled cell proteins with green
olour. It was observed cells have shown good cell interaction on
itamin loaded nanofibers as compared to without loaded vitamin
anofibers. SEM images also reveal the cell–cell and cell-matrix

nteraction (Fig. 7). Similar enhanced growth behavior of vitamin B5
oaded nanofibers were observed as compared to without vitamin
oaded nanofibers mates. Notably on P(LLA-CL) and P(LLA-CL)/SF
anofibers schwann cells grow in dispersed form (in small group),

t might be due to hydrophobic nature of nanofibers and result-
ng cells could not properly adhere the surface whereas on rest of
anofibers mates growth is very smooth and specially on vitamin

oaded nanofibers mate the cell grow in high dens and grew well
long the direction of nanofibers with oriented cellular morphol-
gy, which could plays an important role in rapid filling of gap in
erve regeneration.

.4. In vitro release of vitamin B5 from the nanofibrous mats

Fig. 8 represents the in vitro release profile of vitamin B5 from
itamin loaded P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt nanofibers at var-
ous times, up to 72 h, measured using HPLC method. The total
oaded vitamin was calculated as 0.815 mg  in each sample whereas
he recommended nutritional oral dose of vitamin B5 is 5–8 mg  per
ay. P(LLA-CL)/Vt nanofibers shows the initial drug release instan-
aneously after immersion in PBS was 9% in 1 h, which then showed

 burst release in 10 h up to 75%, and then reached a sustain satura-
ion of 80% in 24 h. The final release of hydrophilic vitamin B5 after

 days treatments with PBS was observed 86%. However, a low per-
entage vitamin released was noted in P(LLA-CL)/SF/Vt nanofibers
hich start from 3.8% in 1 h and reached a sustain saturation of

2% in 10 h, than reached a sustain saturation of 62% after 24 h and
nally in three days observation it shows parallel and reached to
5%.It is reported that the release mechanism of the drug release
ehavior could be diffusion, polymer erosion or combination of dif-
usion and polymer erosion [41]. We  believe that the initial burst
elease and later stable and sustained release behavior of vitamin

n this study was caused by the location of vitamin in fibers. It is
asy to understand that vitamin located on the fibers surface was
asily dissolved in PBS solution at the initial stage. Vitamin B5 is
ater soluble in nature, which have more charged groups (such as

[

[
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amide I (�C O) and amide II (�NH)) than P (LLA-CL), Therefore, more
vitamins compelled to move onto the fiber surface during electro-
spinning process due to electric force in P(LLA-CL)/Vt nanofibers.
However in P(LLA-CL)/SF/Vt nanofibers the presences of vitamin
on fiber surface will be low as compared to P (LLA-CL)/Vt because
of the presence of charged groups of SF. Therefore, after the ini-
tial stage, the vitamin released was sustained and showed stable
behavior and the ultimate proportion of released vitamin from
P(LLA-CL)/Vt and P(LLA-CL)/SF/Vt nanofibers were closed to 86%
and 65% respectively, at the end of three days test.

4. Conclusion

In present work we  have successfully blended the Vitamin B5
with P(LLA-CL) and P(LLA-CL)/SF solutions to produced aligned
electrospun nanofiber mashes with well inherited excellent char-
acteristic of vitamin B5 and SF, encouraging the proliferation of
Schwann cells. The vitamin loaded composites nanofibers are rel-
ative elastic and suitable for nerve tissue engineering, that will be
helpful in handling and suturing during implant surgery. The sus-
tain release behavior of vitamin B5 from loaded nanofibers were
implying for its possible use for nerve tissue engineering and other
related application. The present work provides a basis for further
studies of this novel aligned nanofibrous material in nerve tissue
repair or regeneration.
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