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Abstract
Electrospinning was used to fabricate fibrous scaffolds of lipase-catalyzed poly(ω-pentadecalactone)
(PPDL). The slow resorbability of this biomaterial is expected to be valuable for tissue-engineering ap-
plications requiring long healing times. The effect of solvent systems and instrumental parameters on fiber
morphology was investigated. PPDL electrospinning was optimized and defect-free fibers (diameter 410 ±
150 nm) were obtained by using a mixed three-solvent system. Scaffolds were characterized by scanning
electron microscopy, thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) and wide
angle X-ray diffraction (WAXS). TGA showed no residual solvent in the scaffolds. DSC and WAXS re-
sults indicated that electrospun PPDL is semicrystalline. Biocompatibility of PPDL scaffolds was evaluated
through indirect cytotoxicity tests using embryonic rat cardiac H9c2 cells. The ability of PPDL electrospun
mats to support cell growth was verified by culturing H9c2 cells onto the scaffold. Cell adhesion, prolif-
eration and morphology were evaluated. The results indicated that PPDL mats are not cytotoxic and they
support proliferation of H9c2 cells. The cumulative results of this study suggest further exploration of PPDL
fibrous mats as scaffolds for tissue-engineered constructs.
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1. Introduction

Synthetic aliphatic polyesters are widely used as temporary scaffold materials for
tissue engineering applications where bioresorbability is a key feature [1, 2]. This
class of polymers is completely hydrolysable in physiological conditions, with
degradation times ranging from days to years, depending on polymer composi-
tion and molecular weight. In particular, poly(α-hydroxy esters) such as poly(lactic
acid) (PLA), poly(glycolic acid) (PGA) and their co-polymers have been inten-
sively investigated as biomaterials in therapeutic applications where a controlled
biodegradation rate is required [1, 2]. Another widely used medical-grade polyester
is poly(ε-caprolactone) (PCL) whose lower hydrophilicity leads to slower degrada-
tion kinetics than lactide/glycolide-based polymers. Commonly adopted strategies
to design polymeric biomaterials with tailored properties and degradation rates are
both co-polymerization of different hydroxy acid or lactone monomers and blend-
ing of bioresorbable polyesters with different hydrophilicity [3, 4].

A highly hydrophobic synthetic aliphatic polyester is poly(ω-pentadecalactone)
(PPDL). This long-chain polymer, with 14 methylene units per ester group, com-
bines the advantage of being hydrolyzable, owing to the presence of ester bonds
in the polymer chain, with mechanical properties comparable to those of poly-
ethylene (PE) [5]. Both PCL, which is already used as a biomaterial, and PPDL, are
crystalline polyesters. However PPDL, that melts around 97◦C [5], may be more
suitable for a broad range of applications than PCL, that melts at a lower tempera-
ture (Tm around 60◦C).

PPDL is synthesized from the macrocyclic lactone PDL through lipase-catalyzed
ring-opening polymerization (ROP) [6]. This biocatalytic route circumvents use of
heavy metal catalysts [7] that must otherwise be removed prior to biomaterial use.
Furthermore, by conducting reactions at lower temperatures than when using chem-
ical catalysis, less unwanted by-products are formed. These are key issues that must
be considered in order for biomaterials to meet strict purity and biocompatibility
requirements. In addition, advances in lipase-catalyzed ROP now allow synthesis
of high molecular weight polymers and some lipases such as Candida antarctica
lipase B (CALB) are sufficiently promiscuous that they allow incorporation of dif-
ferent monomers along chains so that co-polymers with defined composition and
microstructure can be prepared. Indeed, PDL has been successfully co-polymerized
with comonomers such as trimethylene carbonate [8], ε-caprolactone [9] and p-
dioxanone [10], thus enabling material scientists to ‘tailor’ corresponding biomate-
rial physical properties and hydrolysis rate for targeted applications.

In the field of tissue engineering, PPDL homo-polymer is an interesting can-
didate that would provide slow-resorbability for applications where long healing
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times are required. A very recent paper by van der Meulen et al. [11] demonstrated
that a PPDL bulk sample, synthesized via enzymatic ROP, has no indirect cytotoxic
effects on mammalian fibroblasts.

Tissue engineering scaffolds mimicking the nanoscale features of native extracel-
lular matrix (ECM) are commonly obtained, in the form of nanofibrous structures,
by means of three main approaches: self-assembly, phase separation and electro-
spinning [12–14]. These techniques are based on a very different experimental
approach and provide sub-micrometer fibers with different diameter ranges. Self-
assembly generates fibers with diameter in the lowest end of the range of ECM
fibers, phase separation provides fibers in the same dimensional range of ECM, and
diameter of fibers obtained by means of electrospinning is typically in the upper
range of those of ECM. Due to its versatility electrospinning has been recognized
as a powerful scaffold fabrication technology yielding non-woven fibrous meshes.
It is widely used to obtain continuous polymeric fibers from a wide range of poly-
mer solutions and melts [15–20]. Moreover, electrospinning provides control not
only of fiber morphology but also of fiber deposition pattern [21]. This aspect is
very important since the micro/nano-architecture of the scaffold (i.e., fiber size and
orientation) is expected to influence cell behavior [22, 23].

This work describes the main steps of electrospinning process optimization that
lead to fabrication of PPDL mats made of defect-free sub-micrometric fibers. More-
over, in view of potential biomedical applications of electrospun PPDL scaffolds,
their biocompatibility towards mammalian cells is evaluated using the H9c2 cell
line as an in vitro benchmark to test indirect cytotoxicity as well as cell adhesion,
proliferation and morphology.

2. Materials and Methods

2.1. Scaffold Fabrication and Characterization

Poly(ω-pentadecalactone) (PPDL) (Mn = 64 kg/mol, polydispersity index (PDI) =
2) was synthesized as described previously [6]. Chloroform (CLF), dichloro-
methane (DCM) and 1,1,3,3,3-Hexafluoro-2-propanol (HFIP) were used as sol-
vents. All solvents were purchased from Sigma-Aldrich and used without further
purification.

The electrospinning apparatus made in house was composed of a high voltage
power supply (Spellman SL 50 P 10/CE/230), a syringe pump (KDScientific 200 se-
ries), a glass syringe, a stainless-steel blunt-ended needle (inner diameter 0.51 mm)
connected with the power supply electrode and a grounded aluminum plate-type
collector (7 × 7 cm). The polymer solution was dispensed, through a Teflon tube,
to the needle vertically placed on the collecting plate.

A series of PPDL polymer solutions (polymer concentration 5–10% (w/v)) were
prepared using different solvent mixtures, as described in the Results and Discus-
sion section. The electrospinning process was performed at room temperature (RT)
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and relative humidity in the range 40–50%. The obtained electrospun scaffolds were
kept under vacuum in a desiccator overnight in order to eliminate residual solvents.

Scanning electron microscopy (SEM) observations were carried out using a
Philips 515 microscope at an accelerating voltage of 15 kV, on samples sputter-
coated with gold. Fiber diameter distribution (300 fibers analyzed for each sam-
ple) was estimated using the EDAX Genesis acquisition and image analysis soft-
ware. Thermogravimetric analysis (TGA) measurements were performed with a
TA Instruments TGA2950 Thermogravimetric Analyzer from RT to 600◦C (heat-
ing rate 10◦C/min, purge gas nitrogen). Differential scanning calorimetry (DSC)
was carried out using a TA Instruments Q100 DSC equipped with the LNCS
low-temperature accessory. DSC scans (20◦C/min) were performed in the temper-
ature range from −100◦C to 150◦C. Wide angle X-ray diffraction measurements
(WAXS) were carried out at RT with a PANalytical X’Pert PRO diffractome-
ter equipped with an XCelerator detector. Cu anode was used as X-ray source
(λ1 = 0.15406 nm, λ2 = 0.15443 nm). The amorphous and crystalline contribu-
tions were calculated by fitting method using the WinFit program [24]. The degree
of crystallinity (χc) was evaluated as the ratio of the crystalline peak areas to the
total area under the scattering curve [25].

2.2. Biocompatibility Evaluation

2.2.1. Indirect Cytotoxicity Test
Indirect cytotoxicity evaluations of electrospun PPDL scaffolds were performed
in accordance with the ISO10993-5 international standard for biological evalu-
ation of medical devices. Culture medium and culture reagents were purchased
from BioWhittaker. PPDL mats were sterilized in a laminar flow culture hood by
immersion in 70% ethanol for 15 min, followed by repeated washes in phosphate-
buffered saline (PBS) + 100 U/ml penicillin/streptomycin (pen/strep). To obtain
the medium containing the PPDL extract (PPDL-extract medium), PPDL mats
(5 mg polymer/1 ml medium) were kept in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 2 mM
L-glutamine and 100 U/ml pen/strep, at 37◦C in a humidified atmosphere contain-
ing 5% CO2 for 24 h. PPDL-extract medium was filtered through a 0.2 µm porosity
nitrocellulose filter before administration to embryonic rat cardiac H9c2 cells, ob-
tained from the European Collection of Cell Cultures (ECACC). Cells were seeded
in a 96-well culture plate (500 cells/well) in standard DMEM to allow their attach-
ment. After 48 h, the culture medium was discarded, the PPDL-extract medium was
added to the wells and the cells were further incubated for 24 h. At the end of this in-
cubation period cells were quantified by the sulforhodamine B (SRB) colorimetric
assay for cytotoxicity screening [26]. Optical density (λ = 540 nm) of samples was
read in a Wallac Victor multilabel multiplate reader (Perkin Elmer). Two separate
experiments, six replicates each, were performed. The signal obtained from cells
cultured in DMEM was used as the negative control. A cytotoxic response (positive
control) was obtained by addition of 1 mM H2O2 for 120 min to cells (48 h after
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cell seeding). Optical density mean values ± standard error of the mean (SEM) for
replicates were calculated and the unpaired t-test was used to evaluate statistical
differences between mean values.

2.2.2. Cell Adhesion and Proliferation
Evaluation of both cell adhesion and cell proliferation was performed in accordance
with ISO10993-5, the international standard for biological evaluation of medical de-
vices. For this purpose, a plastic ring (Tecaflon, internal diameter 17 mm, external
diameter 20 mm) was fixed to a PPDL mat using silicone rubber (RTV 108Q, GE
Silicones), in order to obtain a cell leakage-proof well with the PPDL scaffold fixed
at the bottom and also to prevent scaffold shrinkage during the sterilization proce-
dure. Sterilization was performed in a laminar flow culture hood by immersion in
70% ethanol for 15 min, followed by washings in PBS + 200 U/ml pen/strep +
0.2% fungizone (Sigma Aldrich). In order to evaluate cell adhesion and prolifera-
tion on the electrospun scaffold, 2.5 × 104 H9c2 cells in 1 ml DMEM were seeded
onto the PPDL mat, assembled with the Tecaflon ring as described above, and
placed in standard culture multiplates. The number of viable cells was quantified
every other day, up to 14 days, with the Alamar Blue fluorescence assay (Invitrogen)
[27]. Alamar Blue fluorescence (Ex/Em = 540/590 nm) was read in a Wallac Vic-
tor multilabel multiplate reader (Perkin Elmer). Control signal was acquired from
H9c2 cells cultured in standard polystyrene wells (Sarstedt). Four separate experi-
ments (n = 4), three replicates each, were performed. Two-way analysis of variance
(ANOVA) was performed to compare proliferation curves. Values were given as the
mean values of fluorescence ± SEM.

2.2.3. Morphology of Cultured Cells
Scanning electron microscopy was used to assess interactions of H9c2 cells with
PPDL scaffolds after culture experiments. After 14 days in culture, PPDL mats
were washed with 0.15 M phosphate buffer in order to remove culture medium and
were then fixed in 2.5% buffered glutaraldehyde overnight at 4◦C. After further
rinses, the PPDL scaffold was carefully removed from the Tecaflon ring with a
scalpel and post-fixed in 1% osmium tetroxide for 15 min at room temperature.
The scaffolds were washed with distilled water, dehydrated by increasing ethanol
concentration (70%, 96% and 100%; 15 min each step) and, finally, dried with
hexamethyldisilazane (HMDS, Fluka). Dehydrated samples were placed in a 1:1
solution of absolute ethanol and HMDS and then transferred in pure HMDS for
30 min at room temperature. Scaffolds were mounted on aluminum stubs (Multilab
Type stub pin 1/2′′) using double-sided adhesive tape, coated with a 10 nm thick
layer of gold in a Balzers MED 010 sputtering device and subsequently they were
observed using a Philips SEM 515 at 15 kV.
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3. Results and Discussion

3.1. Scaffold Fabrication and Characterization

This paper reports the first optimization study aimed at electrospinning PPDL to
fabricate sub-micrometric fibrous scaffolds for tissue-engineering applications. The
electrospinning technique allows tailoring of fiber diameter and morphology by ma-
nipulating a combination of variables including: (i) solution properties (molecular
weight and concentration of polymer; electrical properties, boiling point and sur-
face tension of the solution); (ii) instrumental parameters (applied voltage, needle
to collector distance, solution flow rate, needle diameter) and (iii) environmental
parameters (temperature and relative humidity). None of these variables functions
independently. In contrast, their influence is closely interconnected and overall con-
trol of fiber morphology requires systematic investigations.

The main solution properties that affect fiber morphology are polymer molec-
ular weight and solution concentration [28, 29]. These two parameters determine
the presence of polymeric chain entanglements that provide a viscoelastic polymer
network required to prepare electrospun fibers [28, 30]. A progressive change from
individual electrosprayed beads to continuous electrospun fibers is usually observed
as chain entanglement density increases in polymer solution.

In addition to the number of chain entanglements, the selected solvent system
profoundly influences fiber morphology [31]. This is attributed to the fact that for-
mation of the jet occurs when electrostatic charge repulsions overcome solution
surface tension. Therefore, the approach to optimize PPDL electrospinning was as
follows. First, different polymer concentrations and several solvent systems were
investigated to address their influence on viscoelasticity, electrical properties and
solution surface tension. Once a proper polymer solution was selected, instrumen-
tal parameters were then optimized to obtain defect-free sub-micrometer fibers.

Table 1 lists physical properties [32] of the most common solvents employed
for electrospinning aliphatic polyesters and their ability to dissolve PPDL. Among
the different solvents tested, chloroform (CLF) is the only pure organic solvent
that dissolves PPDL at RT; therefore, solutions of PPDL were initially prepared in
CLF. The minimum polymer concentration required to obtain the transition from
electrospraying to electrospinning in CLF was 7% (w/v). This result is attributed
to attaining a suitable degree of chain entanglements with increased solution vis-
cosity. However, nanofibers obtained from this solution exhibited ‘bead’ defects.
This type of defect is often eliminated by increasing polymer concentration that
is accompanied by increased fiber diameter [28, 33, 34]. Upon increasing solu-
tion concentration from 7 to 10% (w/v) PPDL fibers with larger diameter were
obtained, without elimination of the bead defects. Additional experiments by us-
ing 10% (w/v) PPDL solution and changing instrumental parameters (i.e., applied
voltage, needle to collector distance and solution flow rate) did not significantly
improve fiber morphology. Fong and Reneker [35] showed that formation of beads
in electrospun fibers is predominantly determined by viscosity, charge density and
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Table 1.
Physical properties of selected solventsa and their ability to solubilize PPDL

Solvent PPDL Boiling Dielectric Surface
solubility point constant tension
test (◦C) (dyne/cm) (mN/m2)

Chloroform (CLF) Soluble 61 4.8 26.6
Dichloromethane (DCM) Insoluble 40 8.9 27.2
1,1,3,3,3-Hexafluoro-2- Insoluble 58 16.7 16.1

propanol (HFIP)
Dimethylformamide Insoluble 153 38.3 35.7
Acetone Insoluble 56 21.0 22.7
Tetrahydrofuran Insoluble 65 7.5 26.4
Methanol Insoluble 65 33.0 22.1

Soluble, 1% (w/v) solution is optically clear at room temperature; insoluble, 1% (w/v) solution is
not optically clear at room temperature.

a From Ref. [32].

Figure 1. SEM micrographs of nanofibres obtained by electrospinning 5% (w/v) PPDL in different
mixed solvents: (A) CLF/DCM = 50:50 (v/v), (B) CLF/DCM = 30:70 (v/v) and (C) CLF/HFIP =
80:20 (v/v). Applied voltage 15 kV, solution flow rate 0.2 ml/min and needle to collector distance
15 cm.

solution surface tension. Specifically, high viscosity, high charge density and low
surface tension lead to production of defect-free fibers. In the case of the PPDL-
CLF solutions, simply increasing solution viscosity did not prevent bead formation.
Therefore, alternative mixed solvent systems were investigated in order to modify
electrical properties and surface tension of electrospinning solutions.

First, CLF was mixed with DCM that has a higher dielectric constant than CLF
(Table 1) so that the solution can carry a higher amount of charge [36]. This is
based on the assumption that solvent properties do not change dramatically upon
addition of PPDL [19]. As an example, Fig. 1A and 1B show SEM images of fibers
obtained from 5% (w/v) PPDL solutions containing different amounts of DCM.
By increasing DCM content in the mixed solvent from 50% to 70% by volume
(Fig. 1A and 1B, respectively), fibers produced were thinner with more elongated
beads. The minimum concentration (5% (w/v)) required to obtain PPDL fibers for
CLF/DCM 50:50 (v/v) was lower than that for pure CLF (7% w/v). This result is
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consistent with the hypothesis that the minimum concentration required for fiber
formation depends not only on solution viscosity but also on the solution charge
density and surface tension [31, 37]. CLF and DCM have similar surface tension
(see Table 1), therefore, it is reasonable to suppose that the lower concentration
required to electrospin PPDL in the presence of DCM is due to higher net charge
density accumulated on the jet. Although the addition of high amounts of DCM to
CLF improved fiber morphology, solidification at the needle tip occurred during the
electrospinning process, due to DCM’s low boiling point (see Table 1).

Based on the above, DCM was replaced with HFIP in the CLF solvent mixture.
Relative to DCM, HFIP has a higher boiling point, higher dielectric constant and a
lower surface tension (see Table 1). These characteristics are expected to improve
fiber morphology by decreasing fiber diameter and preventing bead formation [35].
However, for 5% (w/v) PPDL solubilized in CLF, addition of >20% (v/v) HFIP re-
sulted in PPDL precipitation. Figure 1C shows that PPDL fibers, electrospun from
a 5% (w/v) solution consisting of 80:20 (v/v) CLF/HFIP using identical process-
ing conditions as for fibers obtained from CLF/DCM mixtures (Fig. 1A and 1B),
still contained beads. The main effect of substituting DCM with HFIP was decreas-
ing PPDL fiber diameter. The presence of beads could not be reduced by further
increasing HFIP content in the solvent mixture since increasing the concentration
beyond 20% (v/v) resulted in PPDL precipitation.

In order to combine the properties of all solvents investigated, PPDL was dis-
solved in a ternary mixture of CLF, DCM and HFIP. After exploring several solvent
compositions and PPDL concentrations, it was determined that preferred values
were CLF/DCM/HFIP 50:40:10 (v/v) and 7% (w/v), respectively. The effect of in-
strumental parameters (applied voltage and solution flow rate) on fiber morphology
was then investigated with the aim of obtaining sub-micrometric defect-free PPDL
fibers. Figure 2 illustrates the effect of applied voltage on PPDL fiber morphology.
Micrographs in Fig. 2 show that application of 16 kV (Fig. 2B) enabled production
of uniform defect-free fibers, whereas when either lower (Fig. 2A) or higher volt-
ages (Fig. 2C) were used, defects were still present and non-homogeneous fibers
were obtained in agreement with previous findings [37]. Hence, an applied voltage
of 16 kV was selected as the working voltage for determining effects of solution
flow rate on fiber morphology. As shown in Fig. 3, since lower flow rate provides
a smaller amount of solution to be stretched, decreasing the flow rate led to thinner
PPDL fibers, as earlier described by Zhong et al. [34]. By using flow rates of 0.2,
0.1 and 0.05 ml/min, fibers were obtained with average diameters of 610 ± 210 nm,
530 ± 190 nm and 410 ± 150 nm, respectively.

On the basis of the above investigations, PPDL mats for biocompatibility
evaluation were prepared by electrospinning a PPDL solution (7% (w/v)) in
CLF/DCM/HFIP (50:40:10 (v/v)), using the following process conditions: applied
voltage 16 kV, solution flow rate 0.05 ml/min and needle to collector distance
15 cm. Thermal and structural properties of PPDL electrospun mats were evaluated
by thermogravimetric analysis (TGA), differential scanning calorimetry (DCS) and
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Figure 2. SEM micrographs of PPDL nanofibers electrospun from 7% (w/v) PPDL solution in
CLF/DCM/HFIP (50:40:10 (v/v)) at different applied voltages: (A) 14 kV, (B) 16 kV and (C) 18 kV.
Flow rate 0.1 ml/min, needle to collector distance 15 cm.

Figure 3. SEM micrographs of PPDL nanofibers electrospun from 7% (w/v) PPDL solution in
CLF/DCM/HFIP (50:40:10 (v/v)) at different flow rates. (A) 0.2 ml/min, (B) 0.1 ml/min and
(C) 0.05 ml/min. Applied voltage 16 kV, needle to collector distance 15 cm.

wide angle X-ray scattering (WAXS). TGA did not reveal the presence of residual
solvent in mats. DSC analysis showed that PPDL in fiber mats had a peak Tm of
92◦C and melting enthalpy (�Hm) of 125 J/g. In contrast, a non-electrospun bulk
PPDL sample had Tm = 98◦C and �Hm = 156 J/g. The WAXS diffractograms (not
shown) revealed that electrospun PPDL crystallizes in the same crystal lattice as
starting PPDL but it develops a lower crystallinity degree (χc = 54%) than bulk
PPDL (χc = 74%). The latter observation is consistent with DSC evidence that the
melting enthalpy of electrospun PPDL was lower than that of the bulk polymer.
Crystallization developed during electrospinning occurs concurrently with solvent
evaporation and, therefore, changes in solvent content are expected to strongly in-
fluence crystallization kinetics. Several literature reports give examples of large
decreases in the crystal fraction or even total inhibition of crystallization when elec-
trospinning crystallizable polymers [34, 38, 39]. For PPDL, DSC and WAXS results
show that the polyester maintains a remarkable ability to crystallize upon fiber so-
lidification during the electrospinning process.

3.2. Biocompatibility Evaluation

In view of potential applications of PPDL scaffolds for in vitro cardiac tissue engi-
neering, investigations were performed to evaluate cytotoxicity, cell adhesion and
proliferation on PPDL fibrous substrates by using H9c2 myoblast cells derived from
embryonic rat heart [40]. The sulforhodamine B (SRB) colorimetric assay [26] was
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Figure 4. Evaluation of the indirect cytotoxicity of electrospun PPDL scaffolds. Sulforhodamine B
(SRB) colorimetric assay of H9c2 cells cultured for 24 h in different media. DMEM, standard medium
(negative control); PPDL, polymer extraction medium. Values are given as mean ± SEM of the
absorbance (a.u.) of 6 replicates of a representative experiment for each condition. PPDL was not
statistically different from DMEM.

used to assess potential cytotoxicity of electrospun PPDL on H9c2 cells. Figure 4
shows that SRB absorption spectroscopy output was comparable for samples grown
for 24 h in PPDL-extraction medium (0.21 ± 0.029 a.u.) or in standard DMEM
medium (0.26 ± 0.042 a.u.). When exposed to 1 mM H2O2 for 120 min, as a posi-
tive cytotoxicity control, all the cells were killed (not shown). This result indicates
the absence of potentially cytotoxic products released from PPDL, in agreement
with the conclusion of recent indirect cytotoxicity tests [11] run on mouse fibroblast
3T3 cells treated with an extract from a PPDL bulk sample. This work demonstrates
that PPDL non-cytotoxicity is maintained after scaffold fabrication via electrospin-
ning, a procedure involving the use of solvents.

In order to investigate the suitability of PPDL electrospun mats to act as three-
dimensional scaffolds for H9c2 cells, cell adhesion and proliferation were evaluated
every other day for up to 14 days using the Alamar Blue (AB) fluorescence assay.
The oxidized form of AB is taken into cells and reduced by their mitochondrial
enzyme activity. This redox reaction is visually determined by a shift in color of
the culture medium from non-fluorescent blue to fluorescent pink. Quantification
was performed by fluorescence measurements on aliquots withdrawn from media.
The same cell culture was monitored over time (14 days), thus overcoming draw-
backs inherent to other sample-destructive proliferation assays, such as the MTT
test [27]. Results reported in Fig. 5 show that, after 24 h from cell seeding, elec-
trospun PPDL mats host about 50% of the number of H9c2 cells that adhere to
the control polystyrene surface (Fig. 5, day 1). The number of cells growing onto
PPDL increases linearly for up to day 14 (end of experiments), although a signifi-
cant difference with respect to the number of the cells proliferating onto the standard
culture plasticware is maintained at any given time point (ANOVA, P < 0.0001).
These results show that PPDL fibrous substrates are not cytotoxic towards H9c2
cells and support cell proliferation. Indeed, when let to grow up to 4 weeks, H9c2
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Figure 5. Evaluation of cell adhesion and proliferation on the electrospun PPDL scaffolds (continuous
line) compared with polystyrene control (dotted line) by Alamar Blue fluorescence assay. Values are
given as means ± SEM of fluorescence arbitrary units of 4 separate experiments in triplicate. Control
P < 0.0001 vs. PPDL.

cells reached the same maximum value obtained on the polystyrene support (data
not shown). It is pointed out that over the 4 weeks experiment with H9c2 cells
scaffolds maintained their integrity and no evidence of scaffold degradation was
obtained by morphological and thermal investigations (results not shown), as ex-
pected given the chemical structure of this polyester with a low COO/CH2 ratio.

The morphology of H9c2 cells grown onto electrospun PPDL mats was observed
by scanning electron microscopy. Figure 6A and 6C shows that, after 14 days of
culture, H9c2 cells propagate and spread over the PPDL mat surface while retaining
their native, mesenchymal spindle-shaped, sheet-like morphology. Furthermore, at
14 days, the scaffold surface is almost entirely covered by cells. In the experiment
where cells were allowed to grow over PPDL for up to 4 weeks, the PPDL surface
appears completely covered with a cell monolayer that prevents visualization of
underlying fibers (Fig. 6B and 6D). Scanning electron microscopic observation of
cell morphology together with results provided by cytotoxicity test and AB assay
confirm that PPDL in the form of electrospun fiber mats is biocompatible and able
to promote H9c2 adhesion and proliferation.

4. Conclusions

This paper describes for the first time fabrication of sub-micrometric fibers of
poly(ω-pentadecalactone) (PPDL) and shows that the obtained scaffolds are bio-
compatible. Biosynthesized PPDL is an interesting bioresorbable polyester that
may find applications as tissue engineering scaffolds when long degradation times
are required. The PPDL electrospinning process was successfully optimized and
defect-free fibers were obtained using a mixed three-solvent system. Indirect cy-
totoxicity evaluation of PPDL fibrous mats, using H9c2 myoblast cells from em-
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Figure 6. Scanning electron microscopy micrographs showing the interaction between H9c2 cells
and PPDL electrospun scaffold after 14 days (A and C, two different magnifications) and 27 days of
culture (B and D, two different magnifications).

bryonic rat heart, demonstrated that the scaffolds are non-toxic towards cells. The
ability of electrospun PPDL scaffolds to support cell adhesion and to promote
cell proliferation was assessed. H9c2 cells retain their native, mesenchymal spin-
dle shaped, sheet-like morphology and cover the scaffold surface with a confluent
cell monolayer. These results suggest that PPDL fibrous mats from electrospinning
are promising slow-degrading biomaterial supports for tissue-engineering applica-
tions.
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