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Abstract
Large-gap peripheral nerve injuries present a significant challenge for nerve regeneration due to
lack of suitable grafts, insufficient cell penetration, and repair. Biomimetic nanofibrous scaffolds,
functionalized on the surface with extracellular matrix proteins, can lead to novel therapies for
repair and regeneration of damaged peripheral nerves. Here, nanofibrous scaffolds electrospun
from blends of poly(caprolactone) (PCL) and chitosan were fabricated. Taking advantage of the
amine groups on the chitosan, the surface of the scaffolds were functionalized with laminin by
carbodiimide based crosslinking. Crosslinking allowed laminin to be attached to the surfaces of
the PCL-chitosan nanofibers at relatively high concentrations that were not possible using
conventional adsorption methods. The nanofibrous meshes were tested for wettability, mechanical
properties and cell attachment and proliferation. Blending of chitosan with PCL provided more
favorable surfaces for attachment of Schwann cells due to the reduction of the contact angle in
comparison to neat PCL. Proliferation rates of Schwann cells grown on PCL-chitosan scaffolds
with crosslinked laminin were significantly higher than the rates for PCL-chitosan nanofibrous
matrices with adsorbed laminin. PCL-chitosan scaffolds with modified surfaces via crosslinking of
laminin could potentially serves as versatile substrates with excellent mechanical and surface
properties for in vivo cell delivery for nerve tissue engineering applications.
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1. Introduction
Peripheral nerve injuries affect 200,000 people every year around the globe and are
classified into 2 genres; the small gap (less than 4mm) and the large gap (greater than 4
mm).1 The repair of the small gap injuries is easier and the current gold standards, the
autografts, are most suited to such applications. However, the success of autografts to
regenerate large gaps over 20 mm, in humans, is fairly limited, owing to shortage of graft
sizes and the subsequent loss of function at the donor site.2 Although allografts are effective
in some cases, they have a potential to cause immune reactions3,4 and are undesirable due to
the possibility of disease transmission.5,6 Tissue engineering serves as an alternative to
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regenerate large gaps owing to their ease of fabrication and adaptability for generation of
custom sized grafts.

Electrospinning allows for the fabrication of scaffolds with an architecture that mimics
native extracellular matrix (ECM)7 and can be used to spin many polymers8 including
natural polymers like proteins,9 carbohydrates, or even cells.10 Several studies have shown
the application of electrospun polycaprolactone (PCL) based scaffolds for tissue engineering
applications.11,12,13 These scaffolds mimic the native collagen like architecture, provide
increased surface area supporting increased attachment of cells to the scaffolds, and exhibit
mechanical properties which are comparable to those of native acellular nerve grafts.14,15

However, PCL based scaffolds lack active chemical moieties on their surfaces to enable the
attachment of extracellular matrix (ECM) proteins, such as laminin.16,17 Contact guidance
cues of ECM proteins like laminin play critical roles in the regeneration of large gaps in
peripheral nerve tissues and were shown to enhance regeneration capabilities if included in
scaffolds.18,19 Laminin containing scaffolds have been shown to promote Schwann cell
proliferation and migration, which could potentially provide guidance cues to the ensuing
axons, migrating from the proximal to the distal ends.20

Several groups have fabricated functionalized scaffolds by adsorbing laminin on the surfaces
of scaffolds to improve regeneration capacity21,22. However, inherent to such methods is the
typical uneven coating of the laminin on the surface as well as desorption of the laminin
from the surface of scaffolds. Several research groups have also functionalized PCL based
scaffolds to produce active groups on the surface, using methods like grafting, blending,
plasma treatment and even chemical modifications using agents NaOH or 1,6, hexane
diamine.23,24 Such treatments modify the surface morphology of the scaffolds along with
adding functionality. Some of the most common grafting agents for PCL are gelatin25 or
collagen.20 Both gelatin and collagen would leave the matrix earlier than desired, unless
they are crosslinked to the surface, usually with cytotoxic agents like paraformaldehyde, or
glutaraldehyde.22

On the other hand, addition of chitosan, a natural biopolymer, to PCL provides a promising
approach to modify the surface and provide active amine groups, which are available for
protein attachment and subsequent functionalization. 2627 Chitosan has also been
electrospun by itself as a scaffold for peripheral nerve regeneration, but the scaffold is very
brittle under physiological conditions hence it is deemed unsuitable for nerve tissue
engineering.28 We focus here on the fabrication of nanofibrous scaffolds, which are
electrospun from blends of PCL-chitosan and evaluate the ability of such nanofibers to
provide a medium to crosslink ECM proteins like laminin. Furthermore, we aim to
understand the effects of chitosan addition to PCL25 and evaluate surface wetting and
attachment and proliferation of Schwann cells on the scaffolds.

2. Experimental Details
2.1 Morphological Characterization

2.1.1 Electrospinning—Polycaprolactone and chitosan were purchased in pellet and
powdered forms, respectively, from Sigma Aldrich and were used without any further
purification. An 8% (w/v) of PCL and 0.8% (w/v) of chitosan were prepared in
hexafluoroisopropanol (HFIP, Oakwood products) and were stirred overnight to obtain clear
solutions. They were then mixed in a 1% (vol/vol of chitosan to PCL) and stirred over night
to form a uniform clear solution. The electrospinning conditions were set at 10 μl/min, 10
cm distance and an operating voltage of 12kV. The fibers were collected on a grounded
aluminum foil until the mesh thickness reached 500 micrometers. Scaffolds measuring about
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1 inch by 1 inch were cut, removed from the backing aluminum foil and transferred to sterile
6-well plates.

2.1.2 Scanning Electron Microscopy—The surface morphology of the polymeric
scaffolds was qualitatively and quantitatively analyzed with a Philips Leo 982 FEG SEM.
All SEM specimens were dried in a vacuum desiccator overnight and gold coated, prior to
loading into the sample holder of SEM. All samples were imaged at an accelerating voltage
of 5 kV and a working distance of 20 mm. Images were obtained at 5000 X to evaluate the
quality of the fiber coatings obtained as well as for the determination of the diameters of the
fibers obtained. In order to determine the diameter distributions of the nanofibers, at least 25
nanofibers, were characterized from different locations of the electrospun meshes.

2.3 Confocal Microscopy
In order to confirm the presence of chitosan and visualize its distribution, the scaffolds were
stained with a 1:1000 solution of Texas red isothiocyanide (TRITC) in dimethylsulfoxide
(DMSO) / ethanol mixture (50:50) and allowed to crosslink for an hour. During this process
the thiourea bond forms between the NH2 groups from chitosan and the thiocyanide groups
from the TRITC. In order to confirm this, plain PCL scaffolds without any chitosan were
also used as controls. All samples were imaged using a Nikon Eclipse TE 1000 microscope
equipped with confocal optics.

2.4 Water Contact Angle Measurements
The water contact angles of the nanofibers of PCL, chitosan and PCL chitosan nanofibers
were measured using a sessile drop method and deionized water. For this experiment, pure
PCL, pure chitosan and two different concentrations of chitosan and PCL blends (1 % and
10% vol/vol) were prepared. The contact angles of deionized water on at least 3 samples per
scaffold type were characterized to investigate the effects of the blending of chitosan into
PCL on the wettability of the scaffolds.

2.5 Differential Scanning Calorimetry
In differential scanning calorimetry (DSC) a scanning rate of 10 °C/min was used to heat
electrospun samples from 25 to 400 °C. Nitrogen gas at the rate of 20 mL/min was used as
purge gas. Approximately, 10 mg specimens of nanofibrous PCL, PCL-chitosan (0.1% wt/
wt) and pure chitosan scaffolds were loaded onto aluminum pans. The nominal melting
temperature of PCL was taken as the temperature at which the endothermic peak occurred.

2.6 Tensile properties of PCL-chitosan scaffolds
Tensile properties of the electrospun nanofibrous scaffolds were measured using a
Rheometrics Solid Analyzer (RSA III) at an extension rate of 0.10 mm/sec. All the samples
were tested at 15 mm gauge length. The specimens consisted of thin sheets, which were 20
mm in length and 10 mm in width. Data were collected and analyzed using TA Orchestrator.
At least 5 samples per scaffold type were tested and the data were reported as mean ±
standard deviation.

2.7 Crosslinking of Laminin onto PCL-chitosan nanofibers
The key to the functionalization experiments was the crosslinking or binding of the ECM
proteins and biologically relevant macromolecules to the free amine groups expressed on the
polymer surface. The amine groups being provided by the chitosan polymer configuration
furnish the necessary sites for protein crosslinking.29 Solutions of laminin 1:100 (v/v) (1 mg/
ml) and PBS were prepared and mixed with 10 mM of ethylene diaminecarbodiimide (EDC)
and n – hydroxysuccinimide (NHS). The resulting solution was allowed to sit for one hour
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under room conditions. The solution was transferred to the fibers and allowed to crosslink
overnight, at 4 °C. The scaffolds were then washed with sterile PBS thrice to obtain
functionalized scaffolds. As a control, scaffolds without any modifications (plain PCL-
chitosan and plain PCL) and laminin adsorbed PCL-chitosan scaffolds were also prepared.

2.8 Evaluation of Laminin Coating on Nanofibrous Scaffolds
To assess the efficiency of the crosslinking of laminin and to determine the amount of
laminin crosslinked onto PCL-chitosan scaffolds via EDC, an assay similar to ELISA was
developed.30 PCL-chitosan scaffolds with adsorbed laminin, pure PCL-chitosan, and PCL
scaffolds with laminin along with EDC were used as controls. At least 3 samples of each
type, measuring 1 inch by 1 inch were evaluated for protein attachment studies. The
scaffolds were loaded with laminin as described above and soaked thoroughly overnight in
PBS, to remove unreacted or un-adsorbed laminin. The scaffolds were then transferred to
micro-centrifuge tubes containing 250 μL of PBS and 250 μL of DCM. The PCL component
of the scaffolds would dissolve in the DCM and move to the organic phase. Meanwhile the
chitosan and the laminin would migrate to the PBS phase, upon vortexing for 1 minute
followed by centrifugation at 10000 RPM for 10 minutes. Two distinct layers were formed
during this step, and the top layer was extracted for analysis using Bradford protein assay
kit, as per the manufacturer’s protocols. Both chitosan and laminin interact with BCA. PCL-
chitosan scaffolds without bound laminin were also analyzed and absorbance values were
subtracted to obtain the actual laminin content bound to the scaffolds.

2.9 Cell Culture
The testing of cell adhesion and proliferation was conducted using rat Schwann cells
obtained from ATCC. Cells were maintained in Dulbecco’s modified eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin streptomycin.
The scaffolds were sterilized using ethanol and exposure to ultraviolet light. Cells were
seeded at a density of 1•105 cells per scaffold. The scaffolds were then left in an incubator at
37 °C under 5% CO2 for 1 and 4 days before being analyzed using tetrazolium compound
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, inner salt) (MTS) assay. At least 3 scaffolds per time point per scaffold type
were evaluated for cell proliferation.

2.10 Statistical analysis
All quantitative data are reported as mean ± standard deviation. At least 3 samples per time
point per scaffold type were evaluated for statistical analysis. Statistical differences among
the groups of scaffolds were determined by performing a Student’s t-test. A confidence
interval of p<0.05 was considered to be statistically significant.

3. Results
3.1 Electrospinning and Morphological Characterization

Parameters such as flow rate and voltage were optimized to obtain continuous fibers of PCL,
chitosan and PCL-chitosan blends. Figure 1 shows the SEM images of PCL (Fig. 1(A)),
chitosan (Fig. 1(B)) and PCL-chitosan blend (Fig. 1(C)). This proves that continuous non-
beaded fibers could be obtained. The distributions of the diameters of the nanofibers were
measured. PCL nanofibers had diameters averaging 636.1± 94.8 nm. Meanwhile, the
chitosan nanofibers were much thinner with an average diameter of 262.6 ± 161.1 nm. The
blended PCL-chitosan nanofibers had an average diameter of 494.5 ± 114.9 nm, which is
closer to the diameters of PCL nanofibers, owing to the fact that a major component in the
nanofibers was PCL.
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3.2 Confocal Microscopy
The confocal images were obtained to confirm the presence of surface active chitosan on the
PCL nanofibers (Fig. 2). Texas Red has the ability to bind to primary amines, present in
chitosan, to form a permanent isothiourea linkage. Chitosan was well spread on the surfaces
of PCL nanofibers (Fig. 2(A)). Additionally, no beading or phase separation, which would
have indicated the non-uniform loading of chitosan in the nanofibers, was observed. In the
case of PCL nanofibers (Fig. 2(B)), no significant fluorescence was detected, indicating that
active amine groups were not present at the surfaces of the PCL nanofibers.

3.3 Contact Angle Measurements
It is known that hydrophilic surfaces promote attachment of cells on the surface. 31,32,33

Therefore, it was very important to control the surface wettability. In order to achieve this,
scaffolds were fabricated with varying quantities or ratios of chitosan to PCL. Figure 3
shows the effect of increasing chitosan concentration on the wettability of the scaffolds.
PCL provides scaffolds with maximum hydrophobicity, with a water contact angle of 110 ±
7 degrees. Meanwhile, chitosan containing scaffolds showed reduced hydrophobicity, with
pure chitosan generating a contact angle of 17.33± 8.58 degrees. PCL and chitosan blends at
different ratios, 1% and 10 % (w/w, chitosan to PCL) showed reduced water contact angles
in comparison to pure PCL. The reduction was especially important at 10% chitosan.
Increased chitosan content has been shown to increase the brittleness of the scaffold34; thus,
the composition of PCL-0.1% chitosan was chosen for further cell proliferation and laminin
binding studies.

3.4 Differential Scanning Calorimetry
PCL has a melting point around 57 °C and the addition of chitosan to PCL slightly increased
the melting point as determined from the peak temperature or from the highest temperature
at which the last trace of crystallinity disappears (Fig. 4). However, since most of the
nanofibers were composed of PCL and chitosan accounts for only 1% of the fiber chemical
composition, the nominal melting temperature (peak temperature of the endotherm)
increased only slightly to around 58.5°. At temperatures > 300 °C the degradation of PCL
and chitosan was observed.

3.5 Mechanical Properties of PCL chitosan nanofibers
In order to evaluate the mechanical properties of the scaffolds under tensile load, thin films
of nanofibrous scaffolds were tested. Figure 5(A)(B) shows histograms of yield stress and
modulus of PCL, chitosan, and PCL-0.1% chitosan nanofibrous scaffolds under tensile
loading. The ultimate tensile stress was calculated from the point of the first failure or
change in slope. The Young’s modulus was calculated from the slope of the linear region of
the curve tensile stress versus strain curve below the yield stress. For pure PCL scaffolds,
the average tensile strength was 1.44 ± 0.12 MPa, with a Young’s modulus of 40.41 ± 4.78
MPa. The chitosan nanofibers had yield strength of 0.41 ± 0.09 MPa and a modulus of 12.88
± 3.42 MPa, indicative of brittleness and failure under tensile conditions. However, PCL-
chitosan exhibited similar properties to those of PCL nanofibrous scaffolds, with an ultimate
stress of 1.12 ± 0.17 MPa and a modulus of 28.31 ± 7.64MPa.

3.6 Laminin Crosslinked Scaffolds and Evaluation of amount of Laminin available
An ELISA-like assay was employed to study the amount of laminin available at the surfaces
of the nanofibrous meshes after a thorough washing overnight in PBS. It can be observed
from Fig. 6 that, a significantly higher amount of laminin was available at the surface of
PCL–chitosan scaffolds in comparison to the amount of laminin found at the surfaces of the
fibers of pure PCL. The EDC crosslinked laminin on the scaffolds had significantly higher
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(p<0.05) amount of laminin on the surface as compared to adsorbed scaffolds. Therefore, the
laminin present was irreversibly bound to the surface, which was not the case with adsorbed
scaffolds.

3.7 Schwann cell attachment and proliferation
The attachment and proliferation of Schwann cells on scaffolds plays a vital role on the
performance of the scaffolds in vivo. PCL-chitosan scaffolds coupled with laminin were
evaluated for enhanced Schwann cell attachment and proliferation at 2 time points, days 1
and 4. In Figures 6 and 7 it is shown that the Schwann cells attached and proliferated on all
scaffolds; however, the number of cells attached and the rate of proliferation on the laminin-
coated scaffolds were higher than those of pure PCL and PCL-chitosan scaffolds.
Furthermore, laminin crosslinked scaffolds showed significantly higher attachment and
proliferation rates as compared to PCL-chitosan scaffolds with laminin adsorbed on them.
By comparing the growth rates through cell number ratios it can be concluded that PCL-
chitosan scaffolds with crosslinked laminin had a 2.7-fold increase as compared to the 2.1-
fold case increase observed in the case of PCL-chitosan scaffolds with adsorbed laminin.
Meanwhile, Schwann cell growth on PCL and PCL-chitosan attained only about 1.5 and 1.7-
fold increases, respectively.

Discussion
Cell attachment and associated interactions with scaffolds are essential to a complete and
uniform matrix and tissue development during the process of repair and regeneration of
damaged nerve tissue. Scaffolds that mimic the native extracellular matrix (ECM) in terms
of their surface topographies, optimal mechanical properties, and more importantly their
biological and chemical composition can be advantageous in the process of regeneration.
They can promote enhanced cell-material interactions at the micro- scale. Such scaffolds can
alleviate drawbacks associated with contemporary techniques and can hasten the process and
quality of regeneration.

Cell attachment is a mandatory step in regenerating tissues and populating scaffold with
desired cell type. To ensure Schwann cells’ survival in the graft attachment is a requirement
for survival and proliferation. 35,36 Attachment studies done by Vleggeert-Lankamp et al. on
human Schwann cells showed that 1 hour after seeding most hSCs adhered to laminin coated
coverslips as cells displayed small lamellipodial extensions.37 PCL-collagen nanofibers-
blends, in comparison to PCL meshes, significantly improved attachment of Schwann cells
to PCL-collagen meshes as well as increased proliferation rate between days 1 and 7.38

Proliferation of Schwann cells between 0-3 days on laminin-coated glass was also
comparable to those surfaces coated with other substrates such as collagen, fibronectin, or
gelatin. However, the proliferation rate in subsequent days (3-12 days) remained unchanged
or decreased.37 Similarly, Schwann cell proliferation studies on PCL and PCL-chitosan
nanofibers by Prabhakaran et al. have shown increased proliferation rates within first 4 days;
nevertheless, these rates stabilized during subsequent day 6 and day 8 MTS measurements.29

Proliferation rates of Schwann cells on PCL-chitosan nanofibers, with increased surface area
as compared to glass coverslips, confirmed that this substrate provides a superior niche for
Schwann cell growth. Based on previous studies, time points of days 1 and day 4 were
chosen specifically to show if laminin content along with increased surface area enhanced
proliferation of Schwann cells. Studying cell proliferation during longer in vitro cultures has
shown cessation of proliferation as the cell density increased. This phenomenon is ascribed
to contact-mediated growth inhibition.39

Addition of chitosan to PCL scaffolds provided functionality, without significantly
deteriorating the mechanical properties of the scaffolds. These results are comparable to the
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results obtained by Ramakrishna et al, where the diameters of PCL and PCL-chitosan fibers
range from 190±26nm and 630±40nm respectively. The difference can be accounted by use
of TFA/DCM as a solvent and PCL-chitosan ratio of 75:25.25 Confocal microscopy
experiments confirmed that PCL-chitosan nanofibers have accessible primary amine groups
on the surface available for binding proteins such as laminin. The availability of laminin, a
haptotactic heterotrimeric ECM protein composed of α, β and γ chains, is known to be
synthesized after the occurrence of nerve damage and provide surface cues for enhanced
neurite outgrowth17. Additionally, PCL-0.1% chitosan scaffolds exhibited significantly
reduced water contact angles, below 95 degrees. It has been shown that with increasing
chitosan content, generally brittleness of the blend increases.34 However, our investigation
revealed that PCL-chitosan could exhibit similar properties to those of PCL nanofibrous
scaffolds with respect to their ultimate stress and modulus values, provided that the
concentration of the chitosan is kept relatively low.

Significantly higher amounts of laminin were present at the surfaces of PCL–chitosan
scaffolds as compared to other scaffolds. This can be attributed to the positive charges
associated with the presence of amine groups on the surface. Similar observations have been
made by Ramakrishna et.al.25 Crosslinking laminin with chitosan component of scaffolds
was shown to influence cell material interactions and enhance cell attachment on the
scaffolds as compared to pure PCL or PCL-chitosan with adsorbed laminin. However,
Ramakrishna et al. showed that the process of blending of laminin with the nanofibers gave
rise to a greater concentration of laminin in the nanofibers in comparison to laminin
crosslinked at the surface.40 They also indicated that laminin present on the surface as
compared to the blending approach enhanced scaffold performance in vitro with a PC-12
based assay. This can be attributed to the fact that laminin, an ECM protein, has to be
crosslinked to the surface to provide contact guidance and not diffusional cues for
regeneration as in the case of growth factors. The crosslinked laminin on the surface of
PLLA fibers showed enhanced performance as compared to scaffolds with laminin adsorbed
or scaffolds without laminin, which are similar to our observations.

Enhanced rates of proliferation can potentially reduce the time needed for a graft to be
implanted back into the patient and give rise to an enhanced nerve regeneration process.
Addition of laminin onto PCL-chitosan scaffolds increased the rate of Schwann cell
proliferation as compared to other scaffolds; furthermore, laminin crosslinking further
enhanced this effect. Ramkrishna et al. compared the rate of cell growth on scaffolds
fabricated with or without chitosan and identified that chitosan-containing scaffolds
enhanced Schwann cell proliferation on the scaffolds. They attributed this fact to the surface
being more wettable owing to the inclusion of chitosan.25 Similar observations have been
made by Suwantong et al., where they identified that a more hydrophilic surface
(polyhydroxybutyrate) (PHBT) promoted Schwann cell attachment and proliferation as
compared to hydrophobic polyhydroxybutyrate-valerate.41 In experiments with other cell
types, Madihally et al., showed that blending chitosan with polycaprolactone, enhanced
response with mouse embryonic fibroblasts.42

Nonetheless, these authors used a different molecular weight of chitosan, which could
account for variability in responses as compared to those reported here. Specifically, these
investigations determined that as the ratio of chitosan to PCL increased, cell numbers on
their scaffolds were reduced. This can be explained by the fact that a slightly hydrophobic
surface supports improved cell proliferation and migration as compared to a very
hydrophilic surface. Additionally, Howling et al. have shown that a low-molecular weight
chitosan promoted increased cell proliferation in comparison to that of a chitosan with a
higher molecular weight.43 Yang et al., have also shown that the inclusion of chitosan in the
PCL matrix has increased the rates of osteoblast attachment and proliferation as compared to
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scaffolds constructed out of pure PCL or pure chitosan.44 Moreover, scaffolds composed of
PCL and chitosan gave rise to the osteoblasts forming a more mineralized matrix and
increased differentiation.

Additional functionalities can be gained for repair and regeneration of peripheral nerve
damage if the nanofibrous scaffolds are to be functionally graded to generate distributions of
types of bioactives and bioactive concentrations akin to the fabrication of scaffolds for bone
tissue engineering applications using twin screw extrusion based novel processing
methods.45,46,47, 48, 49 Such scaffolds can be graded, i.e., tailored for distributions of
topographical and biochemical cues for enhancement of nerve regeneration and will be the
subject of our future investigations.

Conclusions
Contact guidance cues on the scaffolds play vital roles in the regeneration process,
especially in the case of large-nerve gap injuries. Scaffolds that contain ECM proteins,
specifically laminin, could potentially enhance Schwann cell migration into the scaffolds
and therefore enhance the quality of regeneration, post injury. Scaffolds fabricated with
conventional scaffold preparation techniques and their respective biodegradable polymers
generally lack active moieties on their surfaces that allow the binding of ECM proteins such
as laminin. To accommodate such concerns in this investigation nanofibrous scaffolds
composed of polycaprolactone and chitosan were fabricated. The effects of chitosan
incorporation on the wettability and mechanical properties were investigated and a suitable
composition for studying nerve regeneration process was identified. Scaffolds composed of
0.1% (w/w) of chitosan blended into PCL were determined to be optimal for further
investigations of binding of laminin onto the surfaces of the scaffolds. Scaffolds with
crosslinked laminin were also fabricated. Rates of Schwann cell attachment and proliferation
on these laminin-crosslinked chitosan/PCL scaffolds were determined and compared to the
rates on scaffolds adsorbed laminin or without laminin. Enhanced cell attachment and
proliferation rates were observed on laminin crosslinked to PCL-chitosan scaffolds in
comparison to other scaffold types. A uniform and complete coverage of Schwann cells on
the scaffolds was achieved on day 4, indicative of the potential of the laminin-crosslinked
chitosan/PCL scaffolds to promote enhanced Schwann cell proliferation rates. This study
demonstrates the potential and versatility of tissue engineering scaffolds constructed out of
PCL-chitosan and crosslinked laminin to serve as a good alternative to autografts for repair
of large-gap nerve defects.
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Fig. 1.
Electrospun nanofibers of (A) PCL nanofibers (B) chitosan nanofibers (C) PCL-chitosan
blended nanofibers. Scale bar = 5 microns.
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Fig. 2.
Confocal images of (A) PCL-chitosan and (B) PCL scaffolds stained with amine reactive
Texas red dye. Scale Bar = 5 microns.
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Fig. 3.
Water Contact angle measurements of nanofibrous PCL and chitosan scaffolds. * indicates
significant difference (p<0.05) in wettability as compared to scaffolds containing chitosan.
** indicates significant difference in wettability as compared to PCL, PCL-10% chitosan
and chitosan scaffolds. *** indicates significant reduction in wettability as compared to
PCL, PCL-0.1% chitosan scaffolds. $ indicates significant difference in wettability as
compared to scaffolds containing PCL.
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Fig. 4.
Differential scanning calorimetric evaluation of PCL and chitosan blends.
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Fig. 5A.
Yield Stress of PCL-chitosan blends under tensile loading
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Fig. 5B.
Modulus of PCL-chitosan blends under tensile loading
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Fig 6.
Laminin-crosslinked PCL-chitosan scaffolds. * indicates significantly increased availability
of laminin on the scaffolds as compared to pure PCL scaffolds and ** indicates significantly
increased laminin present on the scaffolds as compared to PCL-chitosan scaffolds with
laminin adsorbed on the scaffolds.
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Fig. 7.
Schwann cell attachment (day 1) and proliferation (day 4) on PCL-chitosan based scaffolds.
* indicates significantly higher Schwann cell numbers as compared to PCL and PCL-
chitosan scaffolds (without laminin) ** indicates significantly higher Schwann cell
attachment as compared to PCL and PCL-chitosan scaffolds with and without adsorbed
laminin $ indicates significantly higher Schwann cell proliferation as compared to PCL-
chitosan scaffolds with and without adsorbed laminin
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