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a b s t r a c t

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) microspheres, with properties such as slower
degradation and more efficient drug delivery properties, have important benefits for neural tissue engi-
neering. Our previous studies have shown PHBV microspheres to improve cell growth and differentiation.
This study aimed to investigate if PHBV microspheres would support neurons to extend these benefits to
neural tissue engineering. PHBV microspheres’ suitability as neural tissue engineering scaffolds was
investigated using PC12 cells, cortical neurons (CNs), and neural progenitor cells (NPCs) to cover a variety
of neuronal types for different applications. Microspheres were fabricated using an emulsion-solvent-
evaporation technique. DNA quantification, cell viability assays, and immunofluorescent staining were
carried out. PC12 cultures on PHBV microspheres showed growth trends comparable to two-dimensional
controls. This was further verified by staining for cell spreading. Also, CNs expressed components of the
signaling pathway on PHBV microspheres, and had greater axon–dendrite segregation (4.1 times for axon
stains and 2.3 times for dendrite stains) than on coverslips. NPCs were also found to differentiate into
neurons on the microspheres. Overall, the results indicate that PHBV microspheres, as scaffolds for neural
tissue engineering, supported a variety of neuronal cell types and promoted greater axon–dendrite
segregation.

� 2011 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Scaffolds are important, if not essential, to the viability of cells
used in regeneration therapies [1]. Physical and biochemical cues
provided by scaffolds are crucial to keeping implanted cells viable
and to improve therapeutic effects. Furthermore, scaffolds can local-
ize cells at therapeutic sites. Cell-replacement, drug-delivery, and
cell-delivery therapies are being developed for neurodegenerative
diseases and traumatic injuries to the nervous systems. Some chal-
lenges for effective therapy include avoiding further inflammation,
providing neuroprotection, stimulating tissue regeneration, over-
coming inhibitory cues, and promoting functional recovery [2–5].

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) micro-
spheres offer benefits as tissue engineering scaffold for neural ther-
apy. Firstly, it has well-established drug delivery properties and
controllable drug release profiles, providing sustained and con-
trolled release of neurotrophins for neuroprotection, as well as
various biocompounds for stimulating tissue regeneration, over-
coming inhibitory cues and promoting functional recovery, which
was demonstrated in our previous studies [6–12]. Secondly, its bio-
degradability enables it to disappear from implant sites, making

space for regenerated tissue [13]. Thirdly, its slow degradation, as
compared to PLGA [9], better matches the longer duration required
for neural tissue treatment [14–17], therefore there is no accumu-
lation of acidic degradation products in vivo which could be a
problem [18]. Furthermore, PHBV could be added to slow down
degradation of other polymers, as we have shown [9]. Fourthly,
PHBV microspheres cause less inflammation and require less inva-
sive surgery due to their biocompatibility, small sizes and spherical
shape [19–23]. Finally, the three-dimensional (3-D) nature of PHBV
microsphere scaffolds benefits cell growth and differentiation. Our
previous studies showed PHBV microspheres to promote higher
hepatocyte proliferation and function as compared to two-
dimensional (2-D) cultures [9,12].

Despite all these, PHBV has not been widely studied for neural
tissue engineering (TE), where recent literature reviews did not re-
port on its use for neurons [24–26]. This work aims to investigate
the suitability of PHBV microsphere in neural TE, so as to utilize its
advantages as a suitable biomaterial. In neuronal TE research, dif-
ferent neuronal cell types have been used in different applications
and models. For example, PC12 is a neuronal cell line that responds
to nerve growth factor by differentiating to a neuronal phenotype,
and thus has been used as a model for neuronal differentiation and
biomolecule secretion [27–30]. It has also been used in the devel-
opment of therapies for neural diseases as a highly potent cell

1742-7061/$ - see front matter � 2011 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.actbio.2011.09.026

⇑ Corresponding author. Tel.: +65 6516 8467; fax: +65 6779 1936.
E-mail address: chetyw@nus.edu.sg (Y.W. Tong).

Acta Biomaterialia 8 (2012) 540–548

Contents lists available at SciVerse ScienceDirect

Acta Biomaterialia

journal homepage: www.elsevier .com/locate /ac tabiomat

http://dx.doi.org/10.1016/j.actbio.2011.09.026
mailto:chetyw@nus.edu.sg
http://dx.doi.org/10.1016/j.actbio.2011.09.026
http://www.sciencedirect.com/science/journal/17427061
http://www.elsevier.com/locate/actabiomat

