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Abstract: Electrospinning is an effective technique to prepare non-woven fibrous formulations with interesting
properties that enable the encapsulation of various pharmaceutical agents. Targeted delivery of drugs, while preventing
any side effects or toxicity, still remains a challenge, especially in the cardiovascular field and therefore, nano/ sub-
micron fibers created by electrospinning have been investigated as drug delivery system (DDS) candidates. The aim of
the current study was to create coaxially spun fibers and investigate their morphological and biological characteristics, as
well as, the release kinetics of the encapsulated pharmaceutical agent. Dipyridamole (DIP), polycaprolactone (PCL), and
polyethylene glycol (PEG) were dissolved in 2,2,2-trifluoroethanol (TFE). DIP was chosen as a model anti-thrombotic
agent that could be used in cardiovascular diseases to prevent thrombosis. The structural properties of the fibers were
assessed with scanning electron microscopy (SEM). The cumulative release of DIP was assessed by UV-vis spectrometry
using standard curves of absorbance versus concentration. Biocompatibility experiments were conducted using murine L-
929 fibroblasts (Passage 7). Smooth, cylindrical sub-micron fibers were fabricated, providing a sustained bi-phasic
release kinetics profile of DIP during an extended period of more than 3 months with an initial burst phenomenon during
the first 8h and a subsequent gradual diffusion through the polymeric matrix. No change in the metabolic activity of the
fibroblasts in the presence of the fibers extracts was observed from the cytotoxicity assay. In a nutshell, coaxially

electrospun fibers exhibited some interesting features, indicating their potential as DDS candidates.
Keywords: Dipyridamole, drug delivery system, electrospinning, fibers, polyethylene glycol, polycaprolactone.

INTRODUCTION

As a cost-efficient and facile method for the
production of micro- and nano-structured formulations,
electrospinning has gained widespread attention from
the biomedical research community over the last decade
[1-2]. Electrospun fibers exhibit unique properties to be
used as formulations in drug delivery applications,
including high porosity and encapsulation efficiency
[3]. Depending on the specific application, there are
different approaches to create and modify the fibers to
have the desired characteristics. One approach is to use
polymers with determined properties in order to achieve
a suitable release profile [4]. Another approach is to use
a specific variation of the electrospinning technique,
known as coaxial electrospinning, where two different
solutions are used so as to create a core-shell structure
[5]. The pharmaceutical can be incorporated only in the
solution that form the core compartment to control its
release kinetics. The main objective of the current study
was to fabricate coaxially spun fibers from a blend of
polymers, able to encapsulate a model anti-thrombotic
agent and study the properties of the scaffolds as well as
the release kinetics of the drug, while investigating any

possible toxicity effects of the fibers. Dipyridamole
(DIP) is an anti-thrombotic and anti-proliferative agent
that has been wused in patients suffering from
cardiovascular diseases [6 — 8]. Based on previous
findings, DIP was successfully entrapped into particle
formulation for sustained release [9]. However, only
few studies have focused on the fabrication and
characterization of the fibrous formulations to
encapsulate this pharmaceutical agent [4, 10].

CASE REPORT

Polycaprolactone (PCL) (Mn: 70000-90000)
and  dipyridamole  (DIP)(powder,>98.0%)  were
purchased from Sigma-Aldrich. Polyethylene glycol
(PEG) (Mw: 10000) was purchased from Fluka. 2,2,2-
trifluoroethanol (TFE) was purchased from abcr GmbH
& Co.KG. RPMI 1640 (cell culture medium) was
purchased by Merck Millipore. All reagents and
solvents were of analytical grade.

DIP and PCL were dissolved in TFE for the
core solution, at concentrations of 15 mg/ml and 150
mg/ml, respectively. PCL and PEG were dissolved in
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TFE for the shell solution at concentrations of 100
mg/ml and 50 mg/ml, respectively. Coaxially spun
fibers without DIP were also created as a control.
Electrospinning was performed at room temperature
and relative humidity at a constant flow rate of 4 mi/h
(1 ml/h core solution and 3 mi/h shell solution), inside
an electrical field of 1kV/cm.

Structural and morphological analysis was
performed using a Scanning Electron Microscope
(SEM) (S3400N, Hitachi) under high vacuum at various
magnifications. The drug release experiments were
conducted at 37 °C in a phosphate buffered solution
(PBS) under sink conditions. The cumulative amount of
DIP released in predetermined time points was
calculated from the absorbance (291 nm) of PBS
samples using a UV-vis spectrometer (LIBRA S22,
Biochrom).

In order to determine the electrical
conductivity of the solutions a conductometer
(SevenMulti, Mettler Toledo AG) was used. All
measurements (n = 5) were carried out at 25 °C.

To determine the release kinetics mechanism,
the experimental data were mathematically fitted using
the following equation [11, 12].

Q =kt"

where Q is the drug release percentage, t is the release
time, k is a constant depended on the characteristics of
the particles and n is the release exponent which
indicates the mechanism [13].

The cytotoxicity experiments were performed
according to the 1S010993-12:2012 with L-929 murine
fibroblasts (Passage 7) to assess the biocompatibility of
the fibers. An extract cytotoxicity assay was performed
in six replicates wusing cell culture medium
supplemented with 80% DMSO as the positive and
complete culture medium as the negative control.The
metabolic activity of the fibroblasts [evaluation of the
adenosine triphosphate (ATP) content] was determined
using the ATPlite kit (Perkin Elmer) according to the
manufacturer’s instructions.

Statistical analysis was performed (One-way
ANOVA with post-hoc Tukey, p<0.05 statistical
significance).

DISCUSSION

Blending polymers with different properties
can be very effective in electrospinning to fabricate
formulations with desired characteristics. Coaxial
electrospinning resulted in smooth, cylindrical sub-

micron fibers with an average diameter of 503.48 +
136.36 nm, significantly decreased (p<0.001) compared
to fibers without DIP(727.76 + 284.63 nm) (Figure 1).
The fibers had random orientations and were uniformly
distributed on the surface of the collector. The decrease
in the average fiber diameter could be explained by a
possible increase in the polymeric solution electrical
conductivity because of the incorporation of DIP that
resulted in extended jet elongation inside the electrical
field and thus, to thinner fibers. Similar findings were
previously described by several groups [14 - 16]. In fact
the electrical conductivity of the core polymeric
solution significantly increased from 0.521 + 0.02
pS/cm for PCL-only solution to 18.81 £ 0.06 uS/cm for
the solution with DIP (p<0.001). The combination of
PCL, PEG and the encapsulated drug resulted in very
thin fibers with average diameters near 500 nm, thus
increased surface-to-volume ratio. However, combining
polymers for electrospinning is not always simple and it
is quite important that a homogenous solution is
prepared to achieve a stable and repeatable process
[17].

The results from the cumulative release of DIP
revealed a bi-phasic release profile of the drug with an
initial burst phenomenon during the first hours and a
subsequent gradual sustained release until day 96
(Figure 2). The initial burst phenomenon can be
explained by the DIP molecules close or on the surface
of the fibers as well as by the possible presence of pores
through the polymeric matrix due to PEG erosion inside
PBS [9, 13, 18, 19]. The possible loss of mass due to
the breakdown of the esteric bonds between PCL and
PEG, leads to increased levels of hydrophilicity of the
polymeric matrix through time [22]. After fitting the
experimental data using the appropriate equation the
release exponent (n = 0.42, R?= 0.928) was obtained; A
release exponent n < 0.45 for a cylindrical formulation
corresponds to the Fickian diffusion [11 - 13].
Therefore, the release of DIP was primarily regulated
by the diffusion through the polymeric matrix and
secondarily by the polymer (PEG) erosion, especially in
the first stage, through a biphasic kinetics profile. The
degradation of PCL is not significant during this period,
and therefore does not affect the release kinetics [20].

In order to investigate any potential cytotoxic
effects of the fibers in vitro, an extract cytotoxicity
assay on fibroblasts was performed. The fibrous mats
were previously disinfected using 70% ethanol. The
ATP levels of all of the specimens (with/ without DIP)
were significantly higher compared to the positive
control (p < 0.05). Thus, indicating the specimens did
not have any cytotoxic effect on the metabolic activity
of the L 929 murine fibroblasts (Figure 3).
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Fig-1:Coaxially spun empty PCL/ PEG fibers (A); coaxially spun PCL/ PEG DIP fibers (B); magnification =
1000x, scale bars = 10 pm.
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Fig-2: Cumulative in vitro drug release profiles of PCL/ PEG coaxially spun fibers in PBS (pH 7.4, T = 37 °C)
during the first 12h (inset, green) and a total time of 96 days (red); n =3, mean + SD.
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Fig-3: Extract cytotoxicity assay (1SO 10993-12:2012) for PCL/ PEG fibrous scaffolds, with and without DIP;
Control (+) = RPMI 1640 supplemented with 80% v/v DMSO; Control (-) = complete culture medium; L-929
murine fibroblasts were used (Passage 7); n = 6, mean + SD, *** = p<0.001, NS = not significant.

CONCLUSION

Composite PCL/PEG fibers were designed and
characterized as candidates for DDSs, through a period
of 3 months exhibiting in vitro biocompatibility and
providing useful input for future studies of these fibers
as drug carriers. The coaxially spun fibers exhibited a
bi-phasic release kinetics profile, primarily governed by
Fickian diffusion, as well as PEG erosion during the
initial hours. Taken together, PCL/PEG fibers could be
further studied as potential DDSs of anti-thrombotic
agents for clinical applications in the cardiovascular
field.
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