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Abstract

Fibrous meshes based on three different poly(vinyl alcohol) (PVA) polymers, with 12% vinyl

acetate monomeric units and molar weights of 37,000, 67,000, and 130,000 were developed as

potential scaffolds for regenerative medical applications. The meshes were electrospun and

characterized by molecular weight, concentration, applied voltage, and needle–collector

distance. The influence of feed rate and the electrodes configuration (needle-to-tip and screen-

to-screen system) was determined. Highly porous, 3D structures composed of randomly oriented

ultrafine fibers, with an average fiber diameter of a few hundred nanometers were developed.

Solutions of PVA and human serum albumin were successfully electrospun and the fibrous mesh

was stabilized with glutaraldehyde. The influence of these operations on the mechanical

properties was evaluated by uniaxial tensile testing.
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Introduction

Regenerative medical research involves creating products that replace or regenerate human
cells, tissues, or organs in order to restore or establish normal function.1 The common
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tissue engineering goal is the development of constructs that can meet individual
tissue defects by means of biodegradable matrices (scaffolds) that provide cells with a
temporary structure that mimics the functions of the native extra cellular matrix
(ECM), serve as an adhesion substrate for cells, provide mechanical support, and guide
the growing tissue.2

To accomplish these objectives, scaffold materials must be carefully selected
and the architecture properly designed. The topographic reaction of cells, nanometer
range features, and nanoscale material structuring has been investigated to control
cell behavior. Three-dimensional (3D) scaffolds using electrospun nanofibers have been
developed to produce nonwoven nanofiber assemblies that mimic the nanosized
structure of ECM of natural tissues.2–4 Highly porous structure and high spatial
interconnectivity of electrospun matrix that resemble a natural ECM are
necessary for cells to maintain their phenotypic shape and establish natural behavior
patterns.5

The possibility of processing various materials (either biodegradable or biostable) and
exploiting different loading methodologies (electrospinning of drug solutions or suspensions,
coaxial spinning, multi-syringe feeding) make electrospinning a versatile technique for the
production of nanofibers loaded with a broad variety of active agents, including proteins,6,7

anti-inflammatory agents,8–11 antibiotics,12–14 anticancer drugs,15–17 DNA,18 and growth
factors.19 The high surface area of nanofibers along with the high and interconnected
porosity of electrospun meshes enhance mass transfer phenomena involved in drug
release.4,20

Poly(vinyl alcohol) (PVA) is a hydrophilic polymer with good thermal and chemical
stabilities; it is manufactured on an industrial scale by polymerizing vinyl acetate (VAc)
followed by hydrolysis.21 Different degrees of hydrolysis effect water solubility, chemical
properties,21–25 and crystallinity.26,27 Because of its good mechanical properties,
biocompatibility, and nontoxicity,28 PVA has been proposed for various biomedical
applications, such as drug delivery systems, wound dressing, artificial skin, and
cardiovascular devices.

Electrospinning of PVA and the parameters affecting fiber morphology, such as polymer
concentration and electric field,29,30 polymer molecular weight (Mw),31,32 surface tension,33

and pH34 have been investigated, as well as the addition of inorganic fillers,35–38 drugs,30,39,40

and enzymes.41 Changes in the hydrolysis of PVA have shown to influence solution
properties,30 such as surface tension and conductivity, as well as the morphology and
mechanical properties of the resulting electrospun meshes.30,42 However, very little has
been published with respect to PVA hydrolysis �96% and on electrospinning of PVA
with a low degree of hydrolysis, with deference to processing conditions on fiber
morphology.

The aim of this study was to optimize the electrospinning parameters for the
production of fibrous meshes of PVA with 88% hydrolysis as potential scaffolds for
regenerative medicine. Therefore, the relationship between fiber morphology and
processing conditions was investigated with respect to polymer Mw and concentration,
electric field parameters, solution feed rate, and cross-linking. In addition, the
conditions for the production of PVA nanofibers loaded with human serum
albumin (HSA), as model of water-soluble bioactive agents, were investigated. The
influence on the mechanical properties of both HSA loading and cross-linking was
examined.
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Materials and methods

Materials

The 88% hydrolized PVAs were supplied by Erkol S.A. (Spain) and used as delivered as
follows; PVA 05/88 is (88%, PVA 37,000 Mw), PVA 08/88 (88% PVA, 67,000 Mw), and
PVA18/88 (88% PVA,130,000 Mw), respectively. HSA powder (96–99%) was purchased
from Sigma (Italy) and used as received. Type III laboratory-grade pure water was obtained
from ELIX/RiOs Pretreatment Pack (Millipore, Italy) equipped with PROGARD 02TM with
vent filter (Millipore, Italy).

Preparation of electrospun meshes

PVA solutions with concentrations in the range 5–20% w/v were prepared by dissolving the
polymer in deionized water, with gentle stirring for 4 h at 40�C. For the protein-loaded
meshes, the HSA (ConcHSA) was dissolved in PVA solution at room temperature, and the
mixture stirred until complete dissolution (�1 h).

To fabricate polymer meshes, the PVA solutions were loaded into a syringe fitted with a
metallic needle (0.84mm ID). An electric field was created between the tip of the needle and
an electrically grounded aluminum screen by applying a high voltage to the needle, using a
bipolar Electrostatic Generator Chargemaster BP50 (SIMCO, The Netherlands) or a SL300
power supply (Spellman High Voltage, UK). To determine the optimal electrical field
parameters for electrospinning jet stability, various combinations between applied voltage
(V) and needle tip to collector distance (d) were investigated varying V in the range of
20–60 kV and d from 10 to 40 cm. The solution feed rate was either driven by gravity or
controlled by a syringe pump (BSP99-N, Braintree Scientific, MA) (Figure 2(a) and (b)).
In the latter case, it was varied between 1 and 5mL/h.

The influence of a screen-to-screen (Sc–Sc) electrode configuration on fiber morphology
was evaluated by employing an apparatus with two parallel metallic screens at different
electrical potentials. One functioned as an auxiliary electrode and the other one as a fiber
collector (Figure 3(a)). The solution was fed at a given flow rate to the metallic needle jutting
out of an aperture in the middle of one plate and the fibers were collected onto the other
plate.

The electrospinning process was performed at room temperature and humidity under a
fume hood with controlled aeration. The processing time was 5min for a preliminary
morphology investigation and 2 h for the production of meshes for detailed
characterization. All the electrospun meshes were dried under vacuum for 24 h and left in
a dessicator. Electrospinning conditions for the production of fibrous meshes are reported in
Table 1.

Glutaraldehyde cross-linking

Some electrospun samples were cross-linked with glutaraldehyde (GA) following the
procedure by Wang et al.43 Briefly, electrospun samples were immersed in 10mL of
acetone solution containing 28 mL of GA (30mM) and 8 mL of HCl (0.01N). After 24 h,
the samples were washed with acetone several times and placed in a vacuum chamber for
24 h. To determine mesh stability and water uptake, three cross-linked slab samples
(15� 15mm2, 600–700mm thick) with a dry weight of �30mg were immersed in water; at
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specific time intervals, dabbed dry, and weighed. The swelling degree (SD%) at each time
point was calculated as:

SD ¼ Wsw �Wdð Þ=Wdð Þ � 100 ð1Þ

where Wsw was the weight after incubation in water and Wd the initial weight.

Morphological analysis

Electrospun samples were cut, gold sputtered, and observed by scanning electron microscopy
(SEM, model JEOL JSM 300, Japan). The top surface of the produced meshes was analyzed
and the average diameter of electrospun fibers was determined by means of Image J 1.36b
software on SEM micrographs with a 1000�magnification. The fiber diameter was
calculated over 30 measurements per specimen, taken from randomly selected fields.

Mechanical characterization

Uniaxial tensile properties of meshes were evaluated at room temperature with an Instron
5564 (Instron, MA) by following the standard ASTMD 1708-93, EN ISO 9073-2, and ASTM
D 882-91 protocols.44–47 Six dog bone shaped samples, (38� 15mm2 overall in size,
5� 22mm2 in the gage area) were cut out from visibly defect-free parts of the electrospun
disk and the average thickness was calculated from micrometer (Vogel Srl, Italy)
measurements in the load-bearing part of each sample. The specimens were stretched to
the break point at room temperature and ambient humidity, under a constant crosshead
displacement of 10mm/min. Tensile stress–strain curves, elastic modulus, stress, and strain
at break were obtained from a software recording data (Merlin); mesh yield strength was
determined by the offset method, considering as offset a strain of 0.2%.

Statistical evaluation

Quantitative data were presented as mean� standard deviation (SD). Data sets consisting of
average fiber diameter or mechanical properties were screened by one-way ANOVA and a
Tukey test was used for post hoc analysis; significance was defined at p< 0.05.

Results and discussion

In this study, the optimization of electrospinning PVA (88% hydrolysis) for the production of
3D nanofiber meshes, as potential scaffolds for tissue regeneration applications,
was investigated. The influence of processing parameters on the mesh morphology was
evaluated to determine the suitability of these meshes for tissue engineering scaffolds. Cross-
linking the electrospun PVA, to enhance stability in aqueous environments, was explored aswell
as the influence of HSA loading and chemical cross-linking on mesh mechanical properties.

Investigation of electrospinning parameters

The influence of electrospinning parameters on the morphology of PVAmeshes (SEM analysis)
was evaluated by varying the polymer Mw and concentration, employing different electric field
parameters (V and d), adding HSA to the polymer solution, employing two different types of
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control over solution feed and two different electrode–counterelectrode configurations.
Statistical analysis was performed to evaluate significant differences in average fiber diameter.

Effect of polymer Mw and concentration

After a preliminary investigation, twoV–d combinations (40 kV–15 cm and 60 kV–25 cm)were
used that provided a stable electrospinning jet. Applying these electrical fields and employing a
solution feed rate that was controlled by gravity, polymer concentration ranges, as function of
polymerMw, were investigated to produce uniform fibers; the optimal ranges were 15–20%w/
v for PVA5/88, 10–20% w/v for PVA8/88, and 5–7.5% w/v for PVA18/88. Processing lower
concentrations produced beaded structures or beads-on-string structures that are typical when
electrospinning low concentrations; while at very high concentrations, the droplet dried out at
the tip of the needle outlet, thus compromising the process.

The SEM analysis of the meshes in selected concentration ranges revealed highly porous,
3D structure mats composed of randomly oriented fibers (Figure 1(a)–(i)). The average fiber
diameter ranged between 100 and 400 nm, depending on processing conditions (Table 1).
Some defects in the form of bead and fiber bonding, typical of low-viscosity solutions were
observed in meshes obtained from 15% w/v polymer solutions (Figure 1(a)). By increasing
the polymer concentration to 20% w/v, a more uniform fiber morphology was obtained
(Figure 1(b)). The micrographs of the PVA8/88 meshes (Figure 1(d) and (e)) were similar to
the PVA5/88 meshes and the formation of beads along the fibers was inhibited by increasing
the polymer concentration.

A comparison of the data obtained from the dimensional analysis of PVA8/88 and PVA5/
88 fibers (Table 1), using the same processing parameters, showed that an increase in the Mw
caused a significant increase in fiber diameter (p< 0.01). In addition, the increase of PVA8/
88 concentration in the range 10–20% w/v resulted in an average diameter increase
(p< 0.01). The PVA18/88 meshes, produced using 5% w/v solutions, were nonuniform
fibrous structures (Figure 1(g)). Increasing the polymer concentration to 7.5% w/v,
improved the mesh morphology, although some bead-on-string structure was still
observable (Figure 1(h)).

The polymer concentration affected solution viscosity and surface tension, which are the
key parameters in the electrospinning process. These should be within a range to allow
effective polymer chain entanglement, which is necessary to obtain a stable
electrospinning jet and restrain the effects of surface tension. If sufficient chain
entanglement is not achieved, the solution jet breaks up into droplets while traveling
toward the collector. However, too high concentrations can compromise the process
because of the cohesive nature of high viscosity solutions and because of the difficulty of
controlling the solution feed rate to the needle tip.4,12,13,48 For a given concentration,
polymers with higher Mw can provide a higher degree of chain entanglement.49 Our
findings, in agreement with the current literature, demonstrated a relationship between
polymer Mw and minimum polymer concentration to produce uniform fibers as well as
the fiber dimensions.15,31,48–54

Effect of electric field parameters

As previously discussed, we found two V/d combinations (40 kV–15 cm and 60 kV–25 cm)
that provide a stable electrospinning jet and, consequently, for the production of uniform
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fibrous structures. A comparison of the micrographs of mesh samples produced by applying
two different V/d combinations (40 kV–15 cm and 60 kV–25 cm) while keeping all other
parameters constant, showed that the morphology of the meshes from both PVA5/88 and
PVA18/88 were not significantly affected by the changes in the electric field parameters
(Figure 1(c) and (d)). In contrast, these changes affected the distance between fibers in the
PVA8/88 mesh and consequently the fiber packing density (Figure 1(f)). The average fiber
diameter in meshes from 10% w/v PVA8/88 solution was the only statistically significant
difference (p< 0.01) that was seen due to the changes made in the voltage–distance
combination.

For a given distance between electrodes, with other variables constant, there was a
minimum critical applied voltage needed to obtain a stable electrospun jet with a uniform
fibrous structure. Below this value, the electrostatic repulsion forces between the electrodes

Figure 1. SEM images of PVA meshes. PVA 5/88 meshes: (a) C¼ 15%, V¼ 40 kV, d¼ 15 cm; (b) C¼ 20%,

V¼ 40 kV, d¼ 15 cm; and (c) C¼ 20%, V¼ 60 kV, d¼ 25 cm. PVA 8/88 meshes: (d) C¼ 10%, V¼ 40 kV,

d¼ 15 cm; (e) C¼ 15%, V¼ 40 kV, d¼ 15 cm; and (f) C¼ 15%, V¼ 60 KV, d¼ 25 cm. PVA 18/88 meshes:

(g) C¼ 5%, V¼ 40 kV, d¼ 15 cm; (h) C¼ 7.5%, V¼ 40 kV, d¼ 15 cm; and (i) C¼ 7.5%, V¼ 60 kV,

d¼ 25 cm. PVA/HSA meshes: (j) ConcHSA¼ 0.5%, V¼ 40 kV, d¼ 15 cm; (k) ConcHSA¼ 2%, V¼ 40 kV,

d¼ 15 cm; and (l) ConcHSA¼ 2%, V¼ 60 kV, d¼ 25 cm.

Note: Magnification 5000�, scale bar on micrograph 1a is applicable to all micrographs
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did not provide a drawing stress value strong enough to prevent bead formation.4,55,56

An increase in the applied voltage produced a less stable jet that would split and splay,
which eventually led to a broader distribution of fiber diameters.48,57 As reported, variations
in needle–collector distance have an effect on polymer fiber shape and diameter.30,57–59

In general, a specific distance is required to allow the fibers sufficient time to dry before
reaching the collector.3

In our research, the electric field strength values (2.67 kV/cm for 45 kV–15 cm and 2.4 kV/
cm for 60 kV–25 cm) were comparable with one another. This may be the reason why no
marked differences in mesh morphology were observed. After examining the effects of
polymer concentration and Mw, and the electric field parameters, we decided to
characterize electrospun meshes made from PVA8/88, using 15% w/v concentration,
V¼ 40 kV and d¼ 15 cm, which gave the best results in terms of mesh morphology and
fiber dimension.

Effect of HSA

To produce composite PVA/HSA fibers, solutions of PVA8/88 (15% w/v) and HSA (0.5–2%
w/v) were electrospun applying V¼ 40 kV and d¼ 15 cm. The addition of HSA to the
polymer solution did not affect the resulting electrospun meshes as nonwoven fibrous
structures (Figure 1(j) and (k)). Statistical analysis showed that there was not any
significant difference between the average fiber diameters of plain and HSA-loaded meshes
that were electrospun under the same conditions (Table 1). The loaded meshes did seem to

Table 1. Average fiber diameter of PVA meshes produced employing various processing conditions

PVA Concentration HSA Concentration V d
Fiber diameter

Polymer % (w/v) % (w/v) kV cm Average (nm) SD (nm)

PVA5/88 15 40 15 126 36

PVA5/88 15 60 25 150 53

PVA5/88 20 40 15 140 40

PVA5/88 20 60 25 160 63

PVA8/88 10 40 15 159 26

PVA8/88 10 60 25 246 49

PVA8/88 15 40 15 249 51

PVA8/88 15 60 25 274 78

PVA8/88 20 40 15 350 59

PVA8/88 20 60 25 395 91

PVA18/88 5 40 15 238 88

PVA18/88 5 60 25 – –

PVA18/88 7.5 40 15 136 46

PVA18/88 7.5 60 25 141 48

PVA8/88 15 0.5 40 15 279 66

PVA8/88 15 0.5 60 25 235 46

PVA8/88 15 1 40 15 246 64

PVA8/88 15 1 60 25 241 65

PVA8/88 15 2 40 15 257 66

PVA8/88 15 2 60 25 240 73
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have a lower fiber packing density and some beads along the fibers were observed.
As suggested by Zhang et al.,30 the increased solution conductivity due to the addition of
HSA, together with the possible formation of PVA–protein secondary bonding, can
compromise the stability of the electrospinning jet inducing the formation of beads.

Effect of feed rate

The rate of the solution feed to the needle tip was driven by gravity, employing an L-shaped
syringe. Therefore, the feed rate conditions, such as the effect of the variation of the fluid
level into the syringe, were controlled by frequent addition of solution to the syringe. The
feed rate was estimated to range between 2 and 10mL/h depending on the processing
conditions employed.

The reproducibility of the feed rate by means of a syringe pump was investigated using
15% w/v solution of PVA8/88, applying V¼ 40 kV and d¼ 15 cm. Three different flow rates
(1, 3, and 5mL/h) were investigated. The SEM micrographs (Figure 2(a) and (b) vs.
Figure 1(e)) and fiber dimension data (Tables 1 and 2) of the electrospun meshes
produced using the syringe pump, exhibit similar morphology but significantly lower
average fiber diameter (p< 0.01) than those produced by gravity feed. The differences in
the average fiber diameters obtained employing the three different feed rates were not
statistically significant. Moreover, an increase in the feed rate inhibited the formation of
beads and spindles.

Variations in feed rate also influence the jet velocity and the material transfer rate which
can affect fiber morphology and diameter. By increasing the feeding rate, more solution is
ejected from the tip of the needle in a given time; therefore, if the electric force is able to
stretch the jet sufficiently, the resulting fibers will have larger diameters, otherwise beads are
formed because of surface tension.4,12,13,30,55 However, the influence of solution feed rate is
less at lower polymer concentrations.49 Although, the inhibition of fiber defect formation by
decreasing feed rate is known,12,13,30 we observed spindle formation in the fibers electrospun
at lower feed rates; this formation was inhibited by increasing the feed rate. These findings
are in agreement with Du et al.,60 even though the reason for the formation of defects at low
feed rate is not clear.

Effect of screen-to-screen (Sc–Sc) configuration

To obtain a more uniform electric field, a Sc–Sc configuration was assembled by setting two
parallel metal plates as electrodes (Figure 3(a)). As reported in other papers,15,50 this

Figure 2. SEM micrographs of 15% PVA8/88 meshes (V¼ 40 kV, d¼ 15 cm) collected with controlled

feeding rate (magnification 5000�): (a) F¼ 1 mL/h; (b) F¼ 3 mL/h; and (c) F¼ 5 mL/h
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configuration was used for the development of 3D electrospun meshes based on other
polymeric materials. The conditions for the electrospinning of 15% w/v water solutions of
PVA8/88 were V¼ 40 kV, d¼ 15 cm and a distance between the two screens (d1) of 18 cm.
Employing this Sc–Sc configuration, we obtained focused fiber collections by minimizing the
area where the fibers are deposited (Figure 3(b)). Compared to the meshes produced
employing the conventional needle to screen (NtS) configuration, thicker meshes with
smaller round shapes were obtained. This allowed for the production of electrospun disks
with uniform thicknesses (larger than 1mm) in a shorter processing time depending on the
solution feed rate. A PVA8/88 mesh 1.4mm thick and 8 cm diameter was produced in about
2 h (Figure 3(c)).

In comparison to the meshes fabricated with the NtS configuration, we observed a similar
mesh morphology (Figure 3(d)) that was not significantly different in average fiber diameter
(Table 2) but with the overall advantage of inhibiting the formation of beads at the three feed
rates (1, 3, and 5mL/h). Moreover, like in the NtS configuration, there were no significant
differences among average fiber diameters obtained by employing different feed rates.

The Sc–Sc configuration allows electric fields with nearly parallel lines by applying
different voltages to the two screens,61 which are different to those achieved in the
conventional NtS configuration where a potential difference is applied between a needle
tip and a large collector. A more uniform electric field allowed us to reduce fiber
collection area, thus obtaining meshes with larger and more uniform thickness. The
optimized conditions that we employed for the production of PVA8/88 meshes in studies

Figure 3. (a) Sc–Sc configuration; (b) PVA8/88 fiber depositions obtained by means of NtS (left) and Sc–Sc

configuration (right); (c) PVA8/88 electrospun disk (thicknessffi 1.4 mm, diameterffi 8 cm) produced under

Sc–Sc configuration; and (d) SEM micrograph (magnification 5000�) of PVA8/88 mesh produced under Sc–Sc

configuration (F¼ 5 mL/h)
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regarding GA cross-linking and mechanical testing were V¼ 40 kV, d¼ 15 cm, d1¼ 18 cm,
and F¼ 5mL/h.

GA cross-linking

The stability of the fibrous structure of electrospun PVA meshes was compromised after
immersion in an aqueous environment because of the polymer hydrophilicity. However, the
structure of fully hydrolyzed PVA meshes can be preserved in water by physical or chemical
cross-linking of the polymer chains.30,33,38,43,62 GA cross-linking of electrospun PVA with
96–99% hydrolysis was applied to partially hydrolyzed PVA8/88 meshes.42,43 The cross-
linked samples were immersed in water and weighed at prefixed time intervals to
determine the swelling degree. After cross-linking, the mesh morphology was investigated
by SEM following immersion in water (Figure 4).

Cross-linking did not alter the mesh morphology and the fibrous structure was maintained
for 4 days in water. The cross-linked meshes reached a �500% swelling which practically
remained constant during 4 days of soaking. However, some morphology defects, probably
due to partial polymer dissolution, were observed immediately after soaking in water.

Currently, concerns regarding the cytotoxicity of unreacted GA are limiting its
bioapplications. Therefore, in this study, the electrospun samples were washed several
times in acetone to remove the residual GA after cross-linking. However, studies assessing
the cytocompatibility of the cross-linked PVA and the effect of possible release of GA need
to be undertaken in detail.

Mechanical characterization

Tensile mechanical properties of plain PVA meshes, PVA/HSA meshes (ConcHSA¼ 2% w/v)
and cross-linked PVA meshes were compared by tensile testing. Representative stress–strain
curves of PVA meshes are exhibited in Figure 5(a). Both the HSA loading and GA cross-
linking caused a significant decrease in the elastic modulus, stress at break and elongation at
break (Figure 5(b)–(d)). In comparison to plain PVA meshes, the yield strength was
comparable in the case of PVA/HSA meshes but higher in the case of cross-linked meshes
(Figure 5(e)).

Table 2. Fiber diameter of PVA8/88 meshes produced using a syringe pump and either a NtS or a Sc–Sc

electrode configuration

F

Electrodes configuration

Fiber diameter

(mL/h) Average (nm) SD (nm)

1 NtS 161 25

1 Sc–Sc 158 37

3 NtS 164 31

3 Sc–Sc 172 45

5 NtS 175 34

5 Sc–Sc 166 39

C¼ 15% w/v; V¼ 40 kV; d¼ 15 cm; d1¼ 18 cm.
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The effect of HSA loading on mechanical strength of electrospun meshes seems to be
consistent with what reported by Chew et al.63 in the assessment of the tensile behavior of
single electrospun poly(caprolactone-co-ethylene methyl phosphate) fibers loaded with
bovine serum albumin. They found that protein encapsulation resulted in weaker and
more brittle fibers indicating that the effect could be due to a phase separation between
the protein and polymer, resulting in the restriction of polymer chain movement and
elongation at the interface of these two regions.
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Figure 5. Tensile mechanical properties of PVA8/88 meshes: (a) representative stress–strain curves; (b)
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Figure 4. SEM micrographs of cross-linked PVA8/88 meshes (magnification 5000�): (a) before immersion

and (b) after immersion in water
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GA acts as chemical cross-linker by forming inter- and intra-chain acetyl bridges by
covalent bonding with hydroxyl groups of PVA.28,64–67 Previous work on electrospun
meshes of 98% hydrolyzed PVA showed that after GA cross-linking, the strength at
break increased while the elongation at break decreased.43 In this study, the yield strength
of PVA meshes was increased by cross-linking, but the ultimate strength was decreased after
cross-linking. The introduction of cross-linking agent, besides causing the formation of a
chemical cross-linked network that tends to reduce chain mobility and flexibility,68 also
affects the crystallinity and the physical network due to hydrogen bonding between
polymer chains.69 The mechanical behavior of fibrous meshes is influenced by factors
other than single fiber mechanical properties, such as fiber packing density and fiber–fiber
bonding interaction,70 which can be affected by the chemical cross-linking process. Although
the tensile strength of a single fiber is increased by cross-linking, in our experience, additional
factors, other than fiber mechanics, are prominent in controlling mesh mechanical response.

Conclusions

The conditions for electrospinning PVA (88% hydrolysis degree) with three different Mws
were optimized. 3D collections of PVA fiber with diameter in the range of hundreds of
nanometers were fabricated using different polymer concentrations depending on polymer
Mw. It was possible to control fiber diameter size by changing polymer Mw and
concentration. PVA8/88 meshes were further characterized for the optimization of
processing conditions, HSA loading, chemical cross-linking, and tensile mechanical
properties.

Changing the solution feed rate to needle tip had no significant influence on PVA8/88
fibers dimension but affected bead formation. The Sc–Sc configuration provided a more
focused fiber collection and the production of PVA8/88 electrospun disks 1.4mm thick.
GA cross-linking of electrospun PVA8/88 did not change mesh morphology; cross-linked
mats improved stability in aqueous environment with a swelling degree of �500% in water
for 4 days. Uniaxial tensile tests showed that both HSA loading and GA cross-linking
diminished stress and strain at break but GA cross-linking increased yielding strength.

The conditions for the electrospinning of PVA solutions were optimized to allow easy
loading of water-soluble bioactive agents into 3D nanofiber meshes. The developed meshes
can be easily loaded with proteins by simply adding the loading agent to the water solution
avoiding the use of harsh organic solvents that could compromise its bioactivity, and can be
stabilized in water by means of chemical cross-linking. HSA was used as model protein
susceptible to incorporate hydrophobic agents and to host positive interaction with
different cell cultures.

These meshes are currently being tested for their cytocompatibility with regard to GA
residue, drug loading efficiency, and release kinetics. This research will serve as a base for
growth factors releasing scaffolds for tissue engineering applications.
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