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Abstract
Purpose Peripheral nerve injury (PNI) and its regeneration continue to remain a significant medical burden worldwide. The 
current treatment strategies used to treat PNI are often associated with multiple complications and yet do not achieve complete 
motor and sensory functions. Recently, synthetic biodegradable nerve conduits have become one the most commonly used 
conduits to repair small gaps in nerve injury. But they have not shown better results than nerve grafts possibly because of the 
lack of biological microenvironment required for axonal growth. Schwann cells play a very crucial role in peripheral nerve 
regeneration where activated SCs produce multiple neurotrophic factors that help in remyelination and immune modula-
tion during nerve repair. Studies have shown that nanofibrous scaffolds have better bioactivity and more closely mimic the 
native structure of the extracellular matrix. Therefore, the present study was focused on designing a nanofibrous scaffold 
that would cover the roles of both structural support for the cells that can provide a microenvironment with biological cues 
for nerve growth and regeneration.
Methods Decellularized Schwann cell ECM were spin-coated on polycaprolactone random and aligned nanofibrous scaf-
folds and their compatibility was evaluated using Schwann cells.
Results Schwann cells displayed growth in the direction of the aligned PCL nanofibers and ACM treated exhibited appro-
priate bipolar morphology indicating that these modified fibers could provide directional cues making them highly suitable 
for neuronal cell growth.
Conclusion Our results indicate that the fabricated aligned SC-ACM treated PCL scaffolds would be a potential biomaterial 
to treat peripheral nerve injuries and promote regeneration.
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1 Introduction

Peripheral Nerve Injury (PNI) continues to be one of the 
most common medical burdens worldwide. Even with the 
advancement in medical technology, treatment and man-
agement of nerve injuries remain expensive and ineffective. 
[1–4] Most traumatic PNIs need surgical intervention which 
is often associated with multiple complications and side 
effects. Even then none of the current therapeutic options 
can fully achieve complete recovery of motor and sensory 
functions. Nerve grafting even though has proven to be one 
of the most effective treatments currently available, is not 
completely devoid of shortcomings. Nerve grafts are often 
associated with transplant rejections thus making the patient 
prone to more risks and complications. [5, 6] Therefore, it 
calls for an urgent need for new therapeutic options for the 
treatment of peripheral nerve injury.

Healing during peripheral nerve injury is a complicated 
biological process that concerns replacing damaged tissue 
with a living one. Thus, restoring tissue integrity is quite 
difficult by itself. In the self-healing process, the interaction 
of immune cells, as well as neural extracellular matrices 
(ECM) components such as fibronectin, glycosaminogly-
cans, proteoglycans, thrombospondins, tenascin, vitronectin, 
or collagens, takes place. The mentioned cell interactions 
with neural ECM components are subject to the regulation 
of biochemical mediators, numerous cytokines, and growth 
factors. [7–9]

The ECM in our body with which cells interact has 
topography at the nanoscale that guides axonal growth and 
regeneration. Thus, ECM-based biomaterials are proposed 
to quickly regain healing cues and suppress or halt immune 
reactions to implant sites. [10]

In the peripheral nervous system, Schwann cells play 
a very important role in nerve regeneration. Activated 
Schwann cells during an injury produce multiple neuro-
trophic factors such as Nerve Growth Factor (NGF), brain-
derived growth factor, ciliary neurotrophic factor, and 
neuropeptide Y all of which play a crucial role in axonal 
regeneration and myelin formation. [11, 12] In addition to 
secreting neurotrophic factors, SCs are also responsible 
for secreting the extracellular matrix (ECM) components 
thus providing a platform for neuronal cell growth and 
regeneration. [13]

Recently, nerve conduits are being developed as a pos-
sible therapy for nerve damage that acts as the scaffolding 
platform for bridging the gap between the proximal and 
distal ends of the injured nerves. Synthetic, biodegradable 
nerve conduits have become one the most commonly used 
conduits to repair small gaps. [14–16] Some of the bio-
materials used for this purpose are commonly made from 
polymers like Poly-caprolactone (PCL), Polyglycolic acid 
(PGA), and Poly Lactic acid (PLA). PCL is FDA approved 
(non-toxic), has a low melting point and its semi-crys-
talline form is a rubbery state that provides it excellent 
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mechanical properties thus, making it highly suitable for 
application in regenerative therapy. [17]

The electro spinning technique produces fibrous scaf-
folds that can provide high surface area for attachment 
of cells, the porous network for cell migration, and a 3D 
environment for cell-to-cell interaction. This technique can 
produce aligned fibers that provide topographical cues for 
the alignment of cells for the regeneration of axons. This 
also ensures to help in the unidirectional conduction of 
nerve impulses. This method can consistently produce 
nanofibers while also being economical. Thus, the nanofib-
ers formed by electrospinning mimic the ECM forming a 
similar microenvironment around the cells. [18, 19]

Even though synthetic conduits are cost-effective and 
are associated with fewer complications, in terms of nerve 
regeneration, they have not shown better results than nerve 
grafts possibly because of the lack of biological microen-
vironment required for axonal growth. [6] Therefore, in 
order to provide nerve cells with both structural support 
and a microenvironment with biological cues for growth and 
regeneration, in this study we fabricated electrospun poly-
caprolactone nanofibers coated with decellularized extracel-
lular matrix (ACM) of Schwann cells to use as a nerve con-
duit for the treatment of peripheral nerve injury that would 
potentially be financially feasible, with fewer side effects 
and highly effective for filling large nerve gaps. To study 
the effect of ACM on the synthesized nanofibers we then 
carried out various biochemical assays using Schwann cells.

2  Materials and Methods

2.1  Materials

Polycaprolactone was purchased from Sigma (MW 80,000); 
Methanol, Chloroform, and Dimethyl sulfoxide were pur-
chased from HiMedia; Rat Schwann cells (CRL-2765 
RSC96) were purchased from ATCC; Fetal Bovine Serum, 
antibiotics penicillin-streptomycin, anti-anti, and Dulbecco’s 
Eagle Medium were purchased from Gibco; cytochemical 
stains (Alcian Blue, Masson’s Trichrome, Picrosirius Red, 
Safranin O) were purchased from AMD Labs; Coomassie 
Blue; Methylene Blue were purchased from HiMedia, Phos-
phate Buffer Saline tablets were purchased from Sigma Life 
science; Live/Dead reagent (lot no. 2015555), Rhodamine-
Phalloidin (lot no. 2157163), Secondary Antibody (Alexa 
Fluor 488 rabbit anti-mouse) (Catalogue no. A11059), Anti-
α-tubulin (bovine), mouse IgG1, monoclonal (214775)7 
were purchased from Invitrogen; MTT (TC191-1G), Triton-
X, Tween- 20 and DAPI (4’,6 Diamidino-2-phenylindole 
dihydrochloride) (MB097-10MG) were purchased from 
HiMedia.

2.2  Fabrication of PCL Random and Aligned Fibers 
by Electrospinning

10% (w/v) PCL solution was prepared in a 8:2 ratio of chlo-
roform and methanol. The solution was loaded into a 5-ml 
glass syringe of needle size 24G. Random fibers were syn-
thesized at a flow rate of 0.002 ml/min at an applied voltage 
of 18 kV using an electrospinning machine (HO-NFES-040) 
with a stationary metal collector. Aligned nanofibers were 
prepared with the same parameters on a rotating mandrel at 
a constant speed of 2500 rpm. The nanofiber mats obtained 
were 0.25 mm in thickness. The synthesized mats were 
stored in a vacuum desiccator for further characterization.

2.3  Schwann Cell Culture and Extraction of Acellular 
Matrix (ACM)

Rat Schwann cells (RSCs) procured from American Type 
Culture Collection (ATCC) (CRL-2765 RSC96) were cul-
tured in a growth media comprising Dulbecco’s Modified 
Eagle Medium supplemented with 10% fetal bovine serum 
and 1% penicillin-streptomycin and maintained at 37 °C in 
5% carbon dioxide. Confluent monolayer of Schwann cells 
was subjected to serum starvation by replacing the whole 
media with serum-free DMEM media for 5 days. Sterile 
distilled water was then added to the serum-starved cells 
and incubated for 1–2 min. After that 0.1% of ammonia 
solution was added and incubated until the cells detached. 
The ammonia solution with the cells was discarded and 
the remaining ECM was scrapped out in PBS using a cell 
scraper [23]. The concentration of protein in the extracted 
ACM was determined to be 227 µg/ml using Bradford pro-
tein assay. The obtained ACM was then stored in a -20 ºC 
freezer for about a week.

2.4  Spin Coating ACM on PCL Scaffolds

The extracted ACM was uniformly spread on the scaffolds 
using the spin coating machine (HO-TH-05) The sterilized 
scaffolds were first electrospun on the circular coverslips. 
The coverslip with the scaffold was placed on the spin coat-
ing machine and the rotator was spun at 300 rpm for 20 s. 
20 µl of 227 µg/ml of ACM dissolved in PBS was added to 
the center of the spinning coverslip. A thin uniform layer of 
ACM was coated onto the scaffolds. The ACM-coated scaf-
folds were further UV sterilized for half an hour on each of 
the sides before further characterization.

2.5  Cytochemical Characterization of ACM 
on scaffolds

To qualitatively analyze the coating of SC-ACM on the scaf-
folds, cytochemical staining for different components of the 
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extracellular matrix was carried out. To visualize glycopro-
teins, the ACM was stained using Alcian blue and picrosir-
ius red and to visualize collagen, the scaffolds were treated 
with Mason’s trichome and safranin O. To visualize the total 
protein content, the ACM-coated scaffolds, and the control 
were treated with Coomassie blue. Since an ideal decellular-
ized matrix should not contain any cells, the scaffolds were 
treated with methylene blue to check for any left-over cells 
by staining DNA. For all the staining, scaffolds treated with 
PBS were used as a control.

2.5.1  Alcian Blue staining

Cells were fixed with 4% formaldehyde for 30 min, washed 
with PBS and stained with acetic acid (pH 2.5) and alcian 
blue staining solution, washed with ethanol twice, and 
observed under the microscope with distilled water.

2.5.2  Picrosirius red staining

Cells were fixed in bovine fixative for 30 min, washed with 
PBS, and incubated in hematoxylin solution for 10 min. 
Cells were then stained with picrosirius red dye for 1 h. Cells 
were then finally washed with acidic water and observed 
under the microscope.

2.5.3  Mason’s Trichome staining

Cells were fixed in bovine fixative for 1 h washed with PBS 
and incubated with wright’s hematoxylin for 10 min. The 
cells are then stained with Fuchsin’s reagent, Phosphomo-
lybdic acid, methyl blue for 5 min each. Cells were then 
washed with distilled water and 1% acetic acid and observed 
under the microscope.

2.5.4  Safranin O staining

Cells were fixed with 0.1% glutaraldehyde for 20 min and 
washed with PBS. The cells were then stained with Safranin 
O for 5 min and washed with PBS before observing under 
the microscope.

2.6  Cell seeding on Scaffolds

The electrospun PCL aligned and random nanofibers were 
sterilized for 3 h in UV for each side. Both ACM coated 
and non-ACM coated PCL random and aligned fibers were 
placed in a 24 well plate. 50,000 cells were seeded for cell 
adhesion and proliferation studies and 10,000 cells seeded 
for microscopic studies. Tissue culture polystyrene (TCPS) 
was used as a control, and the growth medium was changed 
every other day.

2.7  Cell Adhesion and Proliferation

Cell-scaffold interaction was qualitatively evaluated using 
a Scanning Electron microscope (SEM) after 2, 4, and 8 h 
of cell seeding on scaffolds. Briefly, after each time-point, 
the samples were washed with PBS and fixed with 2.5% 
glutaraldehyde overnight at 4 °C. The samples were then 
washed with PBS and dried in a vacuum desiccator. The 
dried samples were sputter‐coated with gold and observed 
under FE‐SEM (ESEM, AFMM, IISc).

In order to confirm the cytocompatibility of scaffolds, a 
DNA quantification assay was also performed on cells cul-
tured on scaffolds and tissue culture polystyrene (TCPS) 
control using the DNA Quantification Kit (SIGMA, cata-
log number: DNAQF). Briefly, cells were cultured on the 
nanofibrous scaffolds for two different time points (day 1 
and day 3). The cultured cells are extracted from the scaf-
folds using trypsin and centrifuged for 1400 rpm for 5 min. 
The supernatant is discarded and fluorescent dye, bisben-
zimide H33258, is added to the pellet. DNA present in the 
cells was quantified by measuring fluorescence excitation 
at 360 nm and emission at 460 nm using a multimode plate 
reader - Perkin Elmer (Ensight) multi-mode plate reader 
(HH34000000).

2.8  Cell Viability Assay

Cell viability of cells seeded on scaffolds was assessed 
after 1 and 3 days of seeding using live /dead assay which 
is a two-colored fluorescent dye assay that differentially 
labels both live and dead cells. The stock solution of live 
/dead reagent was prepared by adding 4 µl of EthD-1 and 
1 µl of Calcein-AM in 2ml PBS. 100-150ul of live/dead 
reagent was added to the scaffolds and incubated at room 
temperature for 1 h. The well plate was observed under 
the fluorescence microscope (Nikon Eclipse-TE2000-U).

2.9  Phalloidin Staining

Phalloidin staining was done to visualize the actin 
cytoskeletal spreading and morphology of Schwann cells 
seeded on the fabricated nanofibers. For actin cytoskeletal 
staining, the scaffolds were fixed with 4% paraformalde-
hyde for 30 min, permeabilized using 0.3% Triton -X 100 
for 15 min, blocked with 3% BSA for 30–40 min. The 
scaffolds were then incubated with rhodamine-phalloi-
din (1:200; Invitrogen) for 1 h at room temperature. All 
samples were then stained with DAPI (1:1000; HiMe-
dia) for nuclear staining for 5 min and imaged under a 
fluorescence microscope at 20X magnification. (Nikon 
Eclipse-TE2000-U)
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2.10  10 Confocal Microscopic Studies

The cell-seeded on scaffolds were stained for microtu-
bules after 3 days of culture. The adhered cells on scaf-
folds were fixed with 4% paraformaldehyde for 30 min, 
permeabilized using 0.3% Triton -X 100 for 15  min, 
blocked with 3% Bovine serum albumin (BSA) for 1 h 
at RT. The scaffolds were then incubated with alpha-
tubulin antibody (1:1000) (Invitrogen 2,147,757) over-
night at 4 C. The scaffolds were thoroughly washed with 
PBS and incubated with anti-mouse IgG- Alexa flour 488 
(Invitrogen) for 2 h at RT. The samples were stained with 
DAPI for nuclear staining for 5 min and observed under 
laser scanning confocal microscope at 20X magnification 
(Leica TCS SP8, IISc). Three-dimensional images were 
obtained using Z‐ sectioning to assess cellular infiltration 
through the scaffolds.

3  Results

3.1  Surface Morphology of PCL Random 
and Aligned Nanofibers

From Scanning electron microscopic images (Fig. 1), it 
can be observed that uniform and beadless PCL random 
nanofibers were obtained with a fiber diameter range of 
about 400–600 nm. PCL-aligned nanofibers also appeared 
in similar morphology without beads and were found to 
be having highly oriented morphology.

3.2  Preparation and Cytochemical Characterization 
of ACM

For the preparation of the ACM, cells were incubated for 5 
days with FBS deficient DMEM media. On the 5th day, the 
media was removed from the cells, and cells were washed 
with PBS. After the wash, autoclaved distilled water was 
added to the cells for 2 min until the cells appeared round. 
0.1% of ammonia solution was then added to the cells for 
decellularization. Once the cells started detaching, the 
ammonia solution containing the cells was removed slowly 
and PBS wash was given. ACM was scraped out in PBS with 
a cell scraper. The extracted ACM was stored at -20ºC until 
for a week for further characterization. Figure 2 represents 
the steps for ECM extraction from Schwann cells. Obtained 
ACM was spin-coated onto various scaffolds and cytochemi-
cal characterization was carried out. Staining using Alcian 
blue, Picrosirius Red, Masson’s Trichrome, and Safranin O 
dyes were performed which showed a significant difference 
in the intensity of the color on the surface of the scaffolds 
treated with SC-ACM compared to PBS coated scaffolds 
indicating the presence of intact ECM contents on the scaf-
folds. Alcian Blue: the treated samples had clearly shown the 
blue intensive color of the stain stating the presence of pro-
teoglycans and glycosaminoglycans than the control. Mas-
son’s Trichrome: the treated samples were mauve-colored on 
being observed under a microscope, showing the impact of 
connective tissue and collagen. Picrosirius Red: the treated 
sample showed reddish orange-like when stained with PR 
indicating that the dECM contained collagen. Safranin 
O: this dye stains for the presence of glycosaminoglycans 
and thus the treated samples were effectively showing an 
orange color than those of control. In (Fig. 3) Cytochemical 

Fig. 1  Scanning electron microscopic images of PCL A Random and B Aligned nanofibers
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characterization can be visualized, left-hand side is the Con-
trol (PBS coated scaffolds); the right-hand side is the Treated 
(ACM coated scaffolds). AB- Alcian Blue, MT- Masson’s 
Trichrome, PR- Picrosirius Red, and SO- Safranin O.  

3.3  Cell adhesion and cell proliferation

The scanning electron microphotographs (Fig. 4) of SC cul-
tured on scaffolds at different time points (2 h, 4 h and 8 h) 
show that the cells adhered to all the scaffolds starting from 
just 2 h of cell seeding indicating that the nanofibrous scaf-
folds support cell adhesion. 

DNA quantification graph (Fig. 5) represents the relative 
fluorescence units with respect to the DNA present in the 
cells cultured on the nanofibrous scaffolds. From this graph, 
we observe that there is an increase in the DNA concen-
tration from day 1 to day 3 from which we can imply that 
there is a gradual increase in the cell viability showing the 
cytocompatibility of the scaffolds comparable to the con-
trol - TCPS. There was a slight increase in the fluorescence 
between TCPS, random and aligned fibers showing the affin-
ity of the cells towards the oriented topography. Also, there 
was a prominent increase observed in the treated scaffolds 
especially in the aligned group showing the positive effect of 
the Schwann cell ECM on controlling the cell proliferation. 
However, there was no statistically significant difference 
observed between the groups.

3.4  Cell Viability Assay

The viability or cytotoxicity assay carried out using live/
dead reagent (Fig. 6) clearly showed that there was a sig-
nificantly higher number of live cells compared to dead 
cells on each of the scaffolds indicating that both the treated 
(ACM coated) and untreated (uncoated) scaffolds supported 
Schwann cell growth indicating their cytocompatibility.

3.5  Actin Staining

Actin cytoskeleton staining (Fig. 7) with Rhodamine phal-
loidin of SCs seeded on scaffolds showed that cells showed 
clear elongated morphology on day 3 on all the scaffolds. 
Moreover, cells also seemed to show better morphology and 
grow in the direction of the aligned fibers which was more 
significantly observed on treated scaffolds.

3.6  Confocal Microscopic Studies

Immunostaining of alpha-tubulin was performed to observe 
the cytoskeletal morphology of the cells cultured on the 

Fig. 2  Decellularization steps for ECM extraction from Schwann cells: (I) Confluent cells (II) Serum starvation (III) Ammonia treatment (IV) 
ACM obtained

Fig. 3  Cytochemical characterization: left-hand side: Control (PBS 
coated scaffolds); Right-hand side: Treated (ACM coated scaffolds). 
AB- Alcian Blue, MT- Masson’s Trichrome, PR- Picrosirius Red, and 
SO- Safranin O
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scaffolds. Confocal microscopic images in (Fig. 8) showed 
that the cells have gained their typical extended morphol-
ogy on each of the scaffolds after 3 days of culture. They 
also showed clear alignment in the direction of the fibers 
observed from the DIC images with the nanofiber orienta-
tion in the background. We could also observe the microtu-
bule cytoskeleton with better-extended morphology on the 
aligned scaffolds than on the random scaffolds. This could 
be more noticeably appreciated in the aligned ACM treated 
scaffolds compared to the randomly treated scaffolds indicat-
ing the effect of the ACM on retaining cell morphology in 
an improved manner.

Fig. 4  Scanning electron micro-
scope images showing adhesion 
of Schwann cells on the surface 
of PCL random (PCLR) treated 
and untreated, PCL aligned 
(PCLA) treated and untreated at 
2, 4, and 8 h

Fig. 5  DNA quantification assay showing Schwann cell prolifera-
tion on TCPS, PCL random (PCLR), PCL random – ACM coated 
(PCLRT), PCL aligned (PCLA) and PCL aligned – ACM coated 
(PCLAT) after 1 and 3 days of culture

Fig. 6  Live/dead assay with 
Schwann cells seeded on PCL 
random (PCLR), PCL random 
– ACM coated (PCLRT), 
PCL aligned (PCLA) and 
PCL aligned – ACM coated 
(PCLAT) after 1 and 3 days of 
culture
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4  Discussion

Peripheral nerve injury unfortunately still remains one of 
the biggest medical burdens of our time even with the 
current advancement in medical technology and continu-
ous research on the topic for several decades. One of the 
most important reasons for this might be the complicated 
biological processes associated with the healing of nerve 
injuries. The healing process involves interaction between 
immune cells and the extracellular matrix components 
such as fibronectins, glycosaminoglycans, and collagens 
which are further subjected to regulation by biochemi-
cal mediators, cytokines, and growth factors. [7, 9] Due 
to the involvement of several players in the regeneration 
process, intervention associated with peripheral nerve 
injury must consider several factors. In our current study, 
we attempted a novel approach to fabricate synthetic bio-
degradable nanofibrous aligned scaffolds infused with 
ECM extracted from Schwann cells. We hypothesized that 
the fabricated scaffolds would provide the neurons with 

(i) Directional cue for their growth in the right direction 
due to the alignment of the fibers, (ii) Biological cues for 
their proper growth provided by the Schwann cell ECM 
and (iii) Fewer side effects and cost feasibility provided 
by the FDA approved polymer Polycaprolactone used for 
the fabrication of the nanofibers. PCL nanofibers, both 
aligned and random were produced using the electrospin-
ning technique. The SEM images of the fabricated aligned 
and random fibers showed a clear difference between the 
morphology of the aligned and random nanofibers with a 
fiber diameter of 400–600 nm.

Schwann cells are the main glial cells of the peripheral 
nervous system and play a very important role in nerve 
regeneration wherein ECM synthesized and assembled by 
SC guides and promotes neurite outgrowth of the periph-
eral neurons [20]. Therefore, in this study, we utilized rat 
Schwann cells to produce ECM which is coated onto the 
PCL nanofibrous scaffolds. Further, SCs themselves were 
used to assess their adhesion, proliferation, and compat-
ibility with the scaffolds as a preliminary step to under-
stand their interaction with neuronal co-cultures in future 

Fig. 7  Actin staining of 
Schwann cells on PCL random 
(PCLR), PCL random – ACM 
coated (PCLRT), PCL aligned 
(PCLA) and PCL aligned – 
ACM coated (PCLAT) after 1 
and 3 days of culture at 20X 
magnification

Fig. 8  Confocal microscopic 
images of the Alpha tubulin 
immunostaining on SCs cul-
tured on PCL random (PCLR) 
treated and untreated, PCL 
aligned (PCLA) treated and 
untreated after 3 days of culture 
at 20X magnification. Green – 
Alpha Tubulin, Blue – DAPI
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studies. The extracellular matrix was extracted using the 
protocol described in Wasnik et al. [24]. The extracted 
ECM was characterized by cytochemical staining of ECM 
proteins such as Collagen and glycoproteins. The staining 
confirmed the presence of ECM components such as col-
lagen, proteoglycans, and glycosaminoglycans.

The cell viability assay carried out with live/dead rea-
gent showed that there were more live cells compared to 
dead cells on each of the scaffolds. This clearly indicated 
that both ACM-coated and uncoated scaffolds were non-
toxic and found to be biocompatible with Schwann cells. 
The cell number increased from day 1 to day 3 indicating 
that the fibers supported cell proliferation similar to the 
TCPS control. However, there was no significant difference 
in cell proliferation observed between the ACM-coated and 
non-coated scaffolds. This observation was similar to the 
results obtained by Reid et al. where PCL was combined 
with aortic ECM [25] and Slavic et al. where PCL-based 
electrospun fibers were compared with porcine liver ECM 
[26]. Overall, it could be deciphered that ACM treatment 
has a positive influence on the Schwann cell differentiation 
and maturation to myelin-promoting cells. Scanning elec-
tron microscope images showed that the RSCs adhered to 
all the scaffolds within just 2 h of seeding showing a very 
strong cell-scaffold interaction, clearly indicating that the 
fibrous morphology of the scaffolds plays an important role 
in guiding cell adhesion. The cytoskeleton staining of actin 
filaments and microtubules of the RSCs showed that they 
gained typical bipolar extended morphology on the ECM 
coated scaffolds. Especially the cells gained extended mor-
phology in the direction of the aligned fibers clearly indicat-
ing that the aligned nanofibrous scaffold morphology can 
provide the cells with the directional cue for growth. This 
property of the aligned fibers makes it highly suitable for 
nerve cell growth and contact guidance. This type of behav-
ior was also seen in a study where keratinocytes were have 
exhibited elongated morphology on PCL scaffolds combined 
with corneal extracellular matrix (ECM) compared to the 
plain PCL scaffolds [27]. They attributed this phenomenon 
to the additional cell-binding sites in PCL/ECM scaffolds 
being absent in plain PCL scaffolds. Similarly, in another 
study by Zhu et al., ECM scaffolds with aligned microchan-
nels were prepared and compared with PCL control scaf-
folds [28]. Here, Schwann cells (RSC96) grew longitudinally 
along the microchannels throughout ECM scaffolds whereas, 
across the control scaffold, cells were distributed randomly. 
This was due to the physical guidance cues provided to the 
cells which is a combinatorial effect of parallel microchan-
nels and oriented ECM nanofibers which improved the cell 
migration and efficient nutrient transport. Thus, we believe 
that the Schwann cell ECM functionalized aligned PCL 
nanofibrous scaffolds fabricated in this study would pave 

the way to design novel biomaterials which could be used 
for peripheral nerve regeneration applications.

5  Conclusion

Random and aligned PCL nanofibrous scaffolds were suc-
cessfully fabricated using electrospinning and were surface 
coated with an acellularized Schwann cell-extracellular 
matrix (SC-ACM). The cells showed to have strong cell-
scaffold interaction as the cells adhered to scaffolds from 
just 2 h after seeding. The RSCs also showed their typical 
extended bipolar morphology with very few dead cells on 
each of the scaffolds indicating that the scaffolds were bio-
compatible. In addition to that RSCs showed growth in the 
direction of the aligned PCL nanofibers indicating that these 
fibers could provide directional cues for the growth of cells 
making them highly suitable for neuronal cell growth. Our 
results indicate that the fabricated aligned SC-ACM treated 
PCL scaffolds are highly suitable for the growth of nerve 
cells and have the potential to be used in the application of 
peripheral nerve repair.
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