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ABSTRACT A preliminary model of a flexible neural probe containing a biodegradable polymer for delivering
bioactive components was designed and fabricated. The probe based on the flexible material of parylene has a
hollow structure to seed biodegradable polymeric microspheres with bioactive components, such as nerve growth
factor (NGF), in order to promote regrowth of damaged neural tissues around electrodes. NGF was slowly
released from the microspheres in a phosphate-buffered saline (PBS) solution for 2 weeks, and the released NGF
increased the number of PC-12 neurites and extended their length. These results have shown the possibility that
the preliminary model of the neural probe can be applied for chronically recording along with neural regeneration.

1 INTRODUCTION
1.1 Neural Probe

In the past decade, a neural probe has been used in
Brain-Machine Interface (BMI), neuroscience like an
electrophysiological investigation, and a medical treatment such
as Parkinson's disease and epilepsy. There are, however, no
suitable electrodes for long-term neural recording, nor are there
optimal probes to stimulate the brain for the treatments and use of
BMI systems chronically. In order to solve these issues, the
neural probe must be designed to perform multi-channel recording
and stimulation, to be inserted less invasively in the brain tissue,
and to promote regrowth of damaged neural tissues around the
electrodes. Therefore, we have been developing a new flexible
neural probe to achieve better recording and stimulation of neural
activities for a long-term[1], while integrating Micro Electro
Mechanical System (MEMS) technology, parylene[2] which is
biocompatible and flexible materials, and a drug delivery system
(DDS). In the DDS, a biodegradable polymer with bioactive
components of nerve growth factor (NGF) was applied for
delivering bioactive components to damaged neurons around the
electrodes in the neural probe as shown in Figure 1.

(Bioactive components) Released bioactive
(components ]

Damaged neuron

Recovered neuron

Fig. 1 Concept of effect of released bioactive components on
damaged neurons. The left figure shows a neuron damaged by
probe’s insertion. The right figure shows a neuron recovered
by released bioactive components from the neural probe.

2 METHODS
2.1 Neural Probe Fabrication

Figure 2 illustrates the method of fabricating the neural
probe fabrication,

Deposit a 10 pm parylene and
a 0.4 pm gold on a silicon
substrate.

Pattern the gold.
Deposit and pattern a 30 pm
thick photoresist (AZP4903).

Again deposit the 5 pm
parylene.

Deposit and pattern a 0.3 pm
aluminum.

Pattern the parylene by 02
plasma etching.

Remove the aluminum and the
thick photoresist.

electrode pads

Fig. 2 Schematic of the neural probe fabrication.




2.2 Microsphere Preparation

NGF with ovalbumin (OVA) was encapsulated in the
biodegradable polymer of PLGA 85/15 by a solvent evaporation
method[3]. The method of fabricating the microspheres is as
follows. First, 0.2g of OVA and 30ug of NGF in 4ml of a
chloroform solution with 1g of PLGA were dispersed by a
polytron homogenizer for 5 min at 8000 rpm. The
protein-polymer dispersion was again homogenized in 20 ml of a
1% PVA solution for 5 min at 8000 rpm. The formed emulsion
was stirred in 300 ml of a 0.1 % PVA solution for 3 hours at room
temperature.  The microspheres were centrifuged, washed
repeatedly with distilled water more than 3 times, and freeze dried
for 48 hours. The microspheres were stored at -20°C prior to
use.

3 RESULTS
3.1 Neural Probe

A preliminary neural probe was designed (Fig. 3). A
complete structure of the probe is in the process of fabrication to
increase the height and adjust the width of a groove for seeding
microspheres.

Fig. 3  Photos of the preliminary neural probe. The left photo
shows the neural probe. The right photo is the magnification
of the electrode’s site.

3.2 Microspheres
The microspheres were fabricated with an optimal size
between 10 and 30 um to seed in the groove of the probe (Fig. 4).

Fig. 4 Photos of the size distribution of the microspheres by a
scanning electron microscope.

3.3 NGF Release

0.2 g of the microspheres were immersed in 10 ml of a
phosphate-buffered saline solution (PBS) and incubated at 37°C.
At each time point (24h, 48h 72h 168h 336h), the suspension of
the microspheres was centrifuged (10 min, 1000 rpm). 5 ml of
the supernatant was then collected and replaced with 5 ml of a
fresh PBS.  The microspheres were again suspended by
vortexing for 5 min. The total amount of NGF released from the
microspheres was measured by an Enzyme-Linked Immuno
Sorbent Assay. NGF was constantly released between 2-6 ng/ml
at each time point, and more than 160 ng of NGF had been
released after 336 hours.

The bioactivity of NGF released from the microspheres was
assessed using the PC12 cells (Riken Cell Bank). The PCI2
cells were incubated on a collagen dish with a serum-free
condition.  Control consisted of the PCI2 cells with no
microspheres.  After the microspheres were incubated on a dish
for 8 days, it was observed that the neurites of the PC12 cells
were longer and more numerous than those of the control neurites.
This indicates that the NGF released from the microsheres
remained bioactivity.

Control Microspheres with
NGF and OVA

Fig. 5 Photos showing PC12 cells with extended neurites on a
collagen dish eight days after NGF and OVA were released
from the microspheres. The left photo is a control with no
microspheres (i.e., there are no NGF in the dish). The right
photo shows that NGF released from the microsheres extended
the neurites of the PC12 cells.

4 CONCLUSIONS

The preliminary flexible neural probe was designed and
fabricated. It was succeeded in loading bioactive components of
NGF with OVA into the biodegradable polymer. The size of the
polymer was optimized between 10 and 30 pm for embedding the
probe. NGF was slowly released in 2 weeks that may induce
regeneration of neural tissues. In the in vitro experiment, an
efficacy of the released bioactive components was observed, since
the neurites of the PC12 cells were extended and increased by the
NGF released from the microspheres. Thus, these have shown
possibilities that the neural probe provides an optimal implant
environment and extends the longevity of the tissue-electrode
interface along with neural regeneration.
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