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Development of drug-loaded polymer
microcapsules for treatment of epilepsy
Yu Chen,†a Qi Gu,†a,b Zhilian Yue,*a Jeremy M. Crook,a,c,d Simon E. Moulton,e
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Despite signiﬁcant progress in developing new drugs for seizure control, epilepsy still aﬀects 1% of the
global population and is drug-resistant in more than 30% of cases. To improve the therapeutic eﬃcacy of
epilepsy medication, a promising approach is to deliver anti-epilepsy drugs directly to aﬀected brain areas
using local drug delivery systems. The drug delivery systems must meet a number of criteria, including
high drug loading eﬃciency, biodegradability, neuro-cytocompatibility and predictable drug release
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proﬁles. Here we report the development of ﬁbre- and sphere-based microcapsules that exhibit controllable uniform morphologies and drug release proﬁles as predicted by mathematical modelling. Importantly,
both forms of fabricated microcapsules are compatible with human brain derived neural stem cells and
diﬀerentiated neurons and neuroglia, indicating clinical compliance for neural implantation and therapeutic drug delivery.

Introduction
Approximately 90% of the new drugs that are successful in preclinical studies fail in clinical trials.1 The high failure rate in
new drug development is not due to a lack of drug potency,
but rather a lack of eﬃcacy because of side eﬀects arising from
toxicity, poor pharmacokinetics and pharmacodynamics. A
promising strategy for overcoming these drawbacks is to
develop an appropriate drug delivery system for targeted and
eﬃcient application. For treatment of brain diseases, drug
delivery to the central nervous system (CNS) represents a
unique challenge. A number of factors, including physical per-
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meability barriers such as the blood–brain barrier (BBB) and
the blood-cerebrospinal fluid (blood-CSF) barrier, and
expression of multidrug drug eﬄux transporters at the barriers, work collectively to restrict the entry of many pharmaceuticals into the brain, causing drug resistance.2–6 In the case of
epilepsy, 30–40% of patients remain drug resistant with poor
clinical outcomes, and this represents a significant hurdle for
therapy of intractable epilepsy.7
In order to deliver drugs to the brain, considerable eﬀort
has been made to develop nanocarriers to aid in systemic
delivery.8–15 However, local drug delivery directly to the site of
action has the potential to significantly improve the therapeutic eﬃcacy of epilepsy medication. It directly bypasses the
brains physical barriers, which may result in more eﬃcient
drug delivery and bio-distribution. Consequently a lower therapeutic dosage may be required, with concomitant reduction in
side eﬀects.16–18 These advantages have prompted research
and development of local drug delivery systems for treatment
of epilepsy.19–22 For example, Williamson et al. developed an
organic electronic ion pump, composed of poly(3,4-ethylenedioxythiophene) doped with polystyrene sulfonate electrodes,
for on-demand and site-specific delivery of an inhibitory
neurotransmitter, gamma-aminobutyric acid (GABA). The
delivery of GABA was shown to result in quick and localized
suppression of epileptiform activity.22 Pritchard et al. developed silk fibroin coatings on solid reservoirs of the anticonvulsant adenosine. By modulating the coating thickness
and degree of crystallinity, sustained release of adenosine with
various release profiles including zero order release profiles
was achieved over a period of two weeks.20
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We have developed levetiracetam-loaded PLGA sheets.
Following implantation in the tetanus toxin model of temporal
lobe epilepsy in rats, the polymer sheets have shown to significantly shorter seizures and a trend towards fewer seizures for
up to 1 week.23 More recently, we have developed lacosamideloaded electrospun poly(D,L-lactic-co-glycolic acid) (PLGA)
nanofibers, which could aﬀect seizure activity in a rat model of
absence epilepsy for up to 7 weeks.17 In addition, using a conventional emulsion method, we have developed injectable phenytoin loaded polymeric microspheres.24 A single injection of
the microspheres into the hippocampus of a rat tetanus toxin
model of temporal lobe epilepsy can control seizures for the
expected period of time that is in accord with in vitro release
data. These studies have demonstrated the potential of local
drug delivery systems for treatment of epilepsy. In the meantime, they have also highlighted the need for further development of local drug delivery systems that exhibit controllable
uniform morphologies, high drug loading eﬃciency and sustained and predictable drug release profiles. This has
prompted us to conduct the current study.
In this paper, we present a simple electrojetting (electrospinning and electrospraying) technique to fabricate drugladen microcapsules for sustained delivery of antiepilepsy
drugs (AEDs). Lacosamide was selected as a model drug, and
biodegradable poly(D,L-lactic-co-glycolic acid) (PLGA) employed
as the carrier material due to its biocompatibility with brain
tissue.25–27 The as-fabricated microcapsules include microspheres, flattened (oblate) microspheres (spheroids), and
microfibers, which can be utilized as injectable/implantable
systems for site-specific delivery of AEDs. They all have
uniform morphology, controllable size distribution, enable
high eﬃciency drug encapsulation, and release profiles that
are consistent with mathematical modelling for predictability.
Importantly, the microcapsules are compatible with human
frontal cortical neural stem cells (NSCs) and derivative
neurons and neuroglia, indicative of clinical compliance for
therapeutic use.

Materials and methods
Materials
The anti-epilepsy drug, lacosamide, was provided by UCB
Pharma Pty Ltd. Poly(D,L-lactic-co-glycolic acid) (Mw ∼ 60 000
Da, with a 75/25 molar ratio of lactide to glycolide) (PLGA 75/
25) was purchased from Purac, Singapore. Chloroform, methanol, and acetonitrile were all analytical grade from SigmaAldrich. All the others chemicals and reagents were purchased
from Sigma-Aldrich and used as received.
Microcapsule fabrication via electrojetting
The microcapsules, including microspheres and microfibers,
were fabricated using NANON-01A electrospinning system
(MECC Co. Ltd, Japan) at ambient temperature. A range of
PLGA/lacosamide (w/w, 10/1) solutions were prepared in
chloroform, with the PLGA concentration varying from
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1.5 wt%, 4.5 wt%, to 14.0 wt%, respectively. For electrojetting,
each solution was loaded into a plastic syringe equipped with
a 23 gauge stainless steel needle. The distance between the tip
of the needle and the aluminium foil was 12 cm, and the
voltage was 10 kV for electrospraying and 21 kV for electrospinning. The feed rate was controlled at 0.5 mL h−1 using a
syringe pump, and the electrojetted samples were collected
using aluminium foil. The samples were then further dried in
a vacuum oven at room temperature for 48 hours to remove
any residual organic solvent.
Morphological and dimensional statistical analysis
A field emission scanning electron microscope (FESEM, JEOL
JSM-7500FA) was used to examine the morphologies of the asfabricated microcapsules. The samples were sputter-coated
with 20 nm gold prior to SEM testing. Dimensional statistical
analysis was conducted by quantitatively evaluating the highmagnification SEM micrographs using the imaging software,
Leica Application Suite. For microcapsules including microspheroids and microspheres, aspect ratio is defined as the
ratio of the length (l) to the width (w) of a microcapsule, and
diameter is defined as the length of a microcapsule.
In vitro drug release study
Drug release study was conducted under sink condition in artificial cerebrospinal fluid (aCSF) at 37 °C in a shaking water
bath. An appropriate amount of solid microspheroids (2.47 ±
0.88 m), microspheres (3.81 ± 0.38 mg) and microfibers (4.43 ±
0.11 mg) were used in this release study. Each sample was
immersed in 1 mL of aCSF, and the released solution was
removed at various time points and replaced with 1 mL of
fresh aCSF. All samples were kept at −20 °C, before being analysed by high performance liquid chromatography (HPLC).
The details of the HPLC testing method were reported in our
previous work.21 In addition, to evaluate the drug encapsulation eﬃciency, an extraction method was used as previously
reported.28 Briefly, the fabricated microspheroids, microspheres or microfibers were extracted with methanol. The
methanol extract was then quantified by HPLC to determine
the actual drug loading in each group of fabricated
microcapsules.
Mathematical modelling of the release profiles of the
microcapsules
The release profiles of the microcapsules were simulated using
Fick’s second law of diﬀusion subject to appropriate boundary
conditions.29,30 When the surface resistance to mass transfer
at the surface is negligible, the fraction of the drug released
from the microcapsules (Mt/M∞) at any time (t ) can be
expressed as follows:
1
X
Mt
2i  4λn 22De t
d
¼1
e
λ 2
M1
n¼0 n

ð1Þ

where, d is the diameter of the microcapsules, De is the
eﬀective diﬀusivity of drug, i = (2, 3, 3) and λn = (nπ) for micro-
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spheroids and microspheres, λn = (2.41, 5.52, 8.65, 11.8,
14.93…) for microfiber.31 The mathematical modelling study is
based on eqn (1), using MATLAB Curve Fitting Toolbox.
NSC culture and diﬀerentiation
Working stocks of human NSCs (ReNcell CX, SCC007,
Millipore) were maintained under 5% CO2 at 37 °C, seeding
at a density of 2–3 × 106 cells in proliferation medium comprising NeuroCult NS-A (#5751, Stem Cell Technologies) with
2 µg mL−1 heparin, 20 ng mL−1 FGF2 and 20 ng mL−1 EGF
(AF-100-15, Peprotech) on laminin (L6274, Life Technologies)
coated 6-well plates (Greiner Bio-One). Cells were passaged at
confluency every 5–7 days by digesting in TrypLE (Life
Technologies) for 3 min at 37 °C. Diﬀerentiation of NSCs was
performed 3 days after initially seeding in proliferation
medium, using neural diﬀerentiation medium comprising
two parts DMEM/F-12 (11330-032, Life Technologies), one
part Neurobasal (21103-049, Life Technologies) supplemented with 0.5% N2 (17502048, Gibco) and 50 ng mL−1
brain derived neurotrophic factor (BDNF, 450-02, Peprotech)
for up to 10 days.
NSC viability analysis
PrestoBlue™ cell viability reagent was used for NSC viability
studies, according to the manufacturer’s instructions. Briefly,
cells were incubated with the reagent in culture medium for
1 h at 37 °C. Following incubation, for each sample, 100 µL
supernatant was transferred to a well of a 96-well plate and
screened by a microplate reader (POLARstar Omega) to read
fluorescence intensity. After processing, samples were rinsed
in culture medium and returned to culture, with the process
repeated for each time point until the study was completed.
NSC immunocytochemistry
Samples were fixed with 3.7% PFA solution in PBS at RT for
30 min, rinsed in PBS, and then blocked and permeabilized
overnight at 37 °C with 5% (v/v) donkey serum in PBS containing 0.3% (v/v) Triton X-100 (Sigma). Samples were subsequently incubated with fluorescence conjugated antibodies
glial fibrillary acid protein (GFAP; mouse, 1 : 1000; Millipore),
mature neuronal microtubule–associated protein 2 (MAP2;
mouse, 1 : 100; Sigma) and early neuronal-specific class III
beta-tubulin protein (TUJ1; mouse, 1 : 100; Invitrogen), to label
neuroglia (including astrocytes), and mature and newly generated neurons, respectively. On the second day, samples were
rinsed with 0.1% Triton X-100 in PBS three times, and samples
with unconjugated primary antibody were incubated with
Alexa Fluor tagged secondary antibody (1 : 1000; Invitrogen) for
1 h at 37 °C. Nuclei were visualised with 4′,6-diamidino-2phenylindole (DAPI, 10 μg ml−1) at RT for 10 min and antifade
reagent (Invitrogen) was employed to preserve fluorescence
signal. Samples were mounted onto glass coverslips using
Aquamount (ThermoScientific) and imaged on a confocal
microscope (Leica TSC SP5 II). Images were collected and analysed using Leica Application Suite AF (LAS AF) software
(Leica).
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Scanning electron microscopy (SEM)
SEM was performed as previously described.32 Briefly, samples
were fixed in 3.7% paraformaldehyde (PFA) for 10 min and
then serially dehydrated in 30%, 50%, 70%, 85%, 95%, and
100% ethanol before Critical Point Drying using a
LeicaEMCPD030 instrument. The samples were then coated
with 20 nm platinum followed by imaging with a JEOL
JSM-7500FA.

Results and discussion
Fabrication of lacosamide-loaded microcapsules by
electrojetting
Electrojetting is an electrohydrodynamic process and is a
simple, versatile and cost eﬀective technology that employs an
electrically charged jet of a polymer solution to fabricate nano
or microscale fibers (i.e., electrospinning) or particles (i.e.,
electrsopraying).33–38 Electrojetting is governed by the interactions between the electrostatic repulsion induced by an
applied electric field, and surface tension of a liquid droplet.
At the tip of the capillary, due to the electrostatic repulsion
and the surface tension, the hemispherical surface of the
polymer droplet is distorted into a conical shape that is known
as the Taylor cone. When the electrostatic repulsion surpasses
the surface tension, liquid ejection will occur at the surface of
the Taylor cone. Electrospinning (Fig. 1a) typically occurs
when the polymer concentration and molecular weight are
suﬃciently high, so that the Taylor cone is stable, and the
fluid does not break up into droplets but forms a stable liquid
jet. The liquid jet will undergo a whipping or bending motion
process, giving rise to the formation of fibres.33 However,
when the polymer concentration is below a threshold and/or
the polymer molecular weight is low enough, the Taylor cone
becomes unstable, and the liquid jet breaks up due to varicose
instabilities and hence fine droplets are formed. The electrostatic forces among the droplets enable self-dispersing of the
droplets in space with minimal droplet agglomeration. Further
evaporation of the solvent leads to concentration and solidification of the droplets, i.e., the formation of polymeric microsphere. This process is also known as electrospraying, which is
illustrated in Fig. 1b.39
Therefore, under a given electric filed, the diﬀerence
between the electrospinning and electrospraying lies in the
chain entanglement density of the polymer solution.34 In this
study, the only variable aﬀecting the chain entanglement
density is the PLGA concentration. The final electrojetted
structure is mainly determined by the PLGA concentration. By
carefully varying the PLGA concentration in the solutions, we
have fabricated three kinds of microcapsules, including microspheroids, microspheres, and microfibers.
Fig. 2 shows the SEM micrographs of lacosamide-loaded
microspheroids (obtained from 1.5 wt% PLGA and at 10 kV),
microspheres (obtained from 4.5 wt% PLGA and at 10 kV), and
microfibers (obtained from 14 wt% PLGA and at 21 kV).
Electrospraying resulted in the formation of either micro-
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Fig. 1 Schematic illustration of the electrojetting setup, with scanning electron microscope (SEM) images. (a) Electrospinning PLGA/lacosamide
microﬁbers (b) electrospraying PLGA/lacosamide microspheres.

Fig. 2 Various PLGA/lacosamide microcapsules. Scanning electron microscope (SEM) images of (a, b) microspheroids, (c, d) microspheres, (e, f )
microﬁbers.

spheres or microspheroids, while electrospinning led to the
formation of microfibers. These results are consistent with the
previous studies, where the polymer concentration is demonstrated to be the most critical parameter in determining the
morphology of electrojetted microcapsules.30,34 In the current
study, at a low PLGA concentration such as 1.5 wt% and
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4.5 wt%, even with an increased applied voltage up to 21 kV,
only micro-spherical structures were fabricated.
Dimensional and shape uniformity analysis
Evaluation of the dimensional and shape uniformity was conducted by analysis of the SEM images of the as-prepared
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microcapsules. As shown in Fig. 3a, the diameters are 3.01 ±
0.51 µm for the microspheroids, 5.10 ± 0.78 µm for the microspheres, and 1.38 ± 0.15 µm for the microfibers, respectively.
The diameter distribution of microspheres, microspheroids,
and microfibers is shown in Fig. 3b. All the as-fabricated
microcapsules demonstrate uniform morphology with narrow
size distribution.
For electrospinning, as the PLGA concentration is high as
14 wt%, suﬃcient polymer entanglements are present and are
responsible for the formation of a stable liquid jet of PLGA

Paper

that undergo continuous stretching during the whipping or
bending motion process. Compared to the microcapsules produced by electrospray, the diameters of the electrospun microfibers are much thinner.40
For electrospraying, the dimension and shape of the microcapsules are controlled by two processes; (i) rapid solvent
evaporation of the droplets, and (ii) polymer diﬀusion during
evaporation. However, rapid solvent evaporation and polymer
diﬀusion do not necessarily lead to microspheres. When a
lower PLGA concentration, such as 1.5 wt%, was used in

Fig. 3 (a) Size and (b) size distribution of microspheroids, microspheres, and microﬁbers. Aspect ratio of PLGA/lacosamide, (c, e, f ) microspheroids,
and (d, g, h) microspheres; aspect ratio deﬁned as the ratio of the l to w as shown in ﬁgures.

This journal is © The Royal Society of Chemistry 2017

Biomater. Sci., 2017, 5, 2159–2168 | 2163

View Article Online

Paper

present work, spheroid morphology is formed. This is
probably due to incomplete solvent evaporation, as such the
electrosprayed microcapsules are still in liquid form when
reaching the collector.41 Increasing the polymer concentration
to 4.5 wt% prompts the formation of standard microspheres
with increased particle sizes. Since increasing the polymer
concentration leads to an increase in the solution viscosity,
and a reduction in the surface tension. In accordance with
Hartman’s study, decreasing the surface tension result in
increasing the size of electrospray PLGA microspheres.42
Aspect ratio (AR), expressed as l to w (shown in Fig. 3f and h),
is an important parameter to evaluate the shape uniformity
of the particles. We measured dimensions of microspheroids
and microspheres in two perpendicular directions. The AR of
the microspheres is 1.03, and 1.05 for the microspheroids.
Both types of microcapsules possess excellent shape
uniformity.
In vitro drug release and mathematical modelling study
Drug loading determined by the extraction method is 8.1 ±
0.63 wt% for the microspheroids, 8.36 ± 0.31 wt% for the
microspheres, and 8.39 ± 0.19 wt% for the microfibers. As
shown in Fig. 4a, all the microcapsules exhibit very high drug
loading eﬃciency; namely 89.1 ± 6.9% for microspheroids,
92.0 ± 3.5% for microspheres, and 92.3 ± 2.1% for microfibers.
The encapsulation eﬃciencies are significant greater than
those prepared using other techniques, including emulsion,
suspension, and emulsion polymerization,43 solvent evaporation,43,44 spray drying,45 and layer-by-layer encapsulation.46
Fig. 4b shows the in vitro drug release profiles of the microspheroids, microspheres, and microfibers. The release profiles
vary significantly with the shape and morphology of the microcapsules. While the microfibers demonstrate the least initial
burst release, the spheroids exhibit the most rapid release
characteristics, with more than 95% of the lacosamide being
eluted within ∼52 hours. Within the same period, the cumulative release of the lacosamide from the microspheres and
microfibers is approximately 74% and 55% of the respective
total drug loading.
In clinical application, for short term seizure prophylaxis,
such as after brain surgery, it’s preferable to have rapid release
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kinetics to reach a therapeutic level. The microfibers are more
clinically relevant with longer duration of drug release.47–51
Compared to microspheroids and microspheres, the microfibers have demonstrated the most favourable drug release
characteristics. Therefore the fibers would be likely to have the
greatest longevity after implantation and be likely to provide
the most consistent seizure control as the release rates are
more constant compared to the other formulations. An ideal
implantable seizure control device should improve the drug
release kinetics for a consistent and controllable dosage for
the life of the implant.19 The fabrication methods demonstrated here can be readily modified to alter the AED release
profile. For example, by applying core–shell spinnerets we have
developed core–shell microfibers,17 where the shell structures
act as modifiable diﬀusion barrier to the drug-laden cores.
Typically, drug release from biodegradable microcapsules is
controlled by diﬀusion at an initial stage and then a combination of diﬀusion and erosion at the later stage.52 During
incubation in the release medium, drug diﬀusion occurs
initially within a thin surface layer, and subsequently with
water penetration into the bulk of the microcapsules,
enhanced diﬀusive transport of the remaining lacosamide in
the microcapsules occurs. Therefore, the morphology and
dimension of the PLGA microcapsules have a significant influence on the release of lacosamide. Most of the reported mathematical modelling studies for biodegradable microcapsules
drug delivery systems are based on a single, zero-order
process; or a process that is governed only by diﬀusional mass
transfer or chemical reactions.53 In order to more accurately
predict drug release kinetics for biodegradable microcapsules,
mathematical models that take account of the eﬀects of composition and geometry (size and shape) on the drug release are
required.
In this study, it is assumed that drug release from the
microcapsules is predominantly diﬀusion-controlled within
the period of study. This assumption is based on our and
others’ in vitro studies that indicate minimal polymer degradation of the microcapsules within a period of up to three
weeks.21,30,53 According to Fick’s second law of diﬀusion, the
fraction of the released drug from the microcapsules (Mt/M∞)
at any time (t ) can be expressed as eqn (1). In this model, a

Fig. 4 (a) Drug loading eﬃciency of PLGA/lacosamide microspheroids, microspheres, and microﬁbers, (b) cumulative release proﬁles of various
PLGA microcapsules (mean ± standard deviation), (c) comparison of the mathematical modelling results (solid lines) with experimental drug release
proﬁles (symbols).
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well-mixed external aqueous phase with a negligibly small
drug concentration is assumed. And the drug is assumed to be
homogeneously distributed throughout the polymer matrix
with an initial drug concentration higher than the solubility of
the drug in the polymer. For the microfiber geometry, the drug
diﬀusional release is considered from a cylindrical matrix.
The eigenvalues λn, the roots of eigenfunctions are λn = 2.41,
5.52, 8.65, 14.93, and so on.31 The mathematical model
expression as:
Mt
¼1
M1

1
X
n¼0

!

2

4λ D t
4
 nd2 e
2 e
ðλn Þ

ð2Þ

For the microspheroid and microsphere geometry, the
diﬀusional drug release is considered from a spherical matrix.
The eigenvalues λn, the roots of eigenfunctions are nπ, therefore eqn (1) can be expressed as:
!
1
X
4λ 2 D t
Mt
6
 nd2 e
¼1
2 e
M1
n¼0 ðnπÞ

ð3Þ

Fig. 4c shows the least-squares fitting results by applying
these mathematical models. The initial drug loading is determined by loading eﬃciency testing results of HPLC. Our
results demonstrated that drug release profiles using the above
models can be predicted and agree with the experimental drug
release data. The computed eﬀective diﬀusivities (De) are 3.29
× 10−12 cm2 min−1 for microspheroids, 1.89 × 10−12 cm2 min−1

for microspheres, and 1.23 × 10−13 cm2 min−1 for microfibers,
well within the range of values previously reported for hydrophobic drugs in PLGA microcapsules.29 Compared to the
spheroids and spheres, the microfibers possess the lowest
eﬀective diﬀusivities (De) during this time-dependent diﬀusion
process.
Human NSC viability and diﬀerentiation
Human NSCs are native “adult stem cells” that are capable of
self-renewal and diﬀerentiation into multi neural lineages
including neurons and supporting neuroglia. In this study, we
have demonstrated the neuro-cytocompatibility of our electrojetted spheres and fibres using clinically relevant human
frontal cortical NSCs and their diﬀerentiation to neurons and
supporting neuroglia. Neurocompatibility was supported by
cell attachment (Fig. 5a) and viability (Fig. 5b) during extended
cell culture with fibres and spheres. Growth profiling indicated
cell proliferation on all substrates, similar to control (Fig. 5b).
Specifically, quantitative measurement of cell viability marker
PrestoBlue® supported normal growth kinetics in all cases,
with cell proliferation increasing exponentially up to 8 days
culture. As expected, cell viability decreased following peak cell
growth, reflecting the limits of culture due to media exhaustion.54 These results demonstrated the normal survival of
human NSCs on the polymeric substrates. Importantly, diﬀerentiation of NSCs resulted in neuronal cells cultured for up to
10 days with densely packed neurites adhered to the fibres

Fig. 5 Human NSC viability and diﬀerentiation on spheres or ﬁbres. NSCs were cultured with (a) ﬁbres and (b) spheres following successful attachment. (c) NSC viability and proliferation kinetics during culture with ﬁbres and spheres (mean ± std.). Morphology of diﬀerentiated NSCs during
culture with (d, e) ﬁbres and (f, g) spheres compared to (h, i) conventional plate-based culture.
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Fig. 6 Immunophenotyping of diﬀerentiated NSCs. (a, b) DAPI (blue) colocalised with neuronal markers MAP2 (green), and TUJ1 (red), and glial
marker GFAP ( purple) expressed by diﬀerentiated NSCs cultured with ﬁbres. (c, d) DAPI (blue) colocalised with neuronal markers MAP2 (green) and
TUJ1 (red), and glial marker GFAP ( purple) expressed by diﬀerentiated NSCs cultured with spheres. All scale bars: 50 µm.

(Fig. 5c) and spheres (Fig. 5c). Immunophenotyping confirmed
successful diﬀerentiation and co-culture of fibres and spheres
with pan-neuronal markers, MAP2 and TUJ1 expressing
neurons and radial glial and astrocyte marker GFAP expressing
glial cells (Fig. 6). The NSC attachments to and ongoing
culture on the fibres and spheres indicated cell supportability
by the electrospun polymeric structure.55,56 Notwithstanding
the value of our findings, it is important to note that our
in vitro cell-based modelling involves testing in a controlled
environment that does not precisely replicate the cellular conditions within an organism. Therefore, future studies will
entail animal-based modelling for in vivo implantation.

Conclusion
In conclusion, we have fabricated microstructured drug delivery systems using a simple electrojetting (electrospraying and

2166 | Biomater. Sci., 2017, 5, 2159–2168

electrospinning) technology for local delivery of AEDs. These
microcapsules have demonstrated a number of advantages,
including controllable and uniform morphology and narrow
size distribution, high eﬃciency drug encapsulation, sustained and predictable drug release characteristics, and
neuro-cytocompatibility as evidenced by human NSC support
and diﬀerentiation. Our findings broadly support the utility
of the local drug delivery systems for treating human brain
disorders such as epilepsy. In addition, the method presented
here could be applicable to the fabrication of other microstructured delivery systems using diﬀerent drugs and/or
polymers.
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