leakage was observed from’the fluidic chamiel. The
measured impedance of the gold electrodes: (100 x 150
um2) was approximately 600k at a frequency of |
kHz
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Analysis of synaptic connectivity of neural network in vitro with no input
using firing probabilistic model
Tatsuya Haga*, Osamu Fukayama, Takafumi Suzuki, Kunihiko Mabuchi (Tokyo University)

Abstract

Synaptic. plasticity causes memory and learning in our brain. ‘A statistical method has been proposed to

extract and to visualize synaptic connectivity -as parameters of the firing probabilistic. model according to
recorded neural firings . In this paper, the validity of the method is assessed with firings simulated. with
Hodgkin-Huxley Model and recorded from cultured neural network'. In the result, it was found that strength of

synaptic transmission can be estimated with our method.
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(invitro, cultured neural network,probabilistic model, functional connectivity, machine learning)
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Table 1.+ Cx of each synapse
Cell0- Celll Cell2 Cell3
CellO / / / /
Celll | 100nA / / 120nA
Celi2 50nA 150nA / /
Celi3 / / 70nA /

Maximum post-synaptic current {corresponding. to. synaptic
strength) Clix’ (nA) of synapse between pre-synaptic cells(in

rows) and post-synaptic cells(in cols).
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Table 2. Ta , Time delay of synapse
fransmission

Cello | Celll Cell2 l_ Cell3
CellO / / / /
Celll | Tms / / 0.5ms
Cell2 2ms 1.5ms / /
Cell3 / / 0.8ms /

Time delay. Tx (ms) of synapse transmission between pre-

synaptic cells(in rows) and post-synaptic cells(in cols).

ogn
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Uon

Table 3. Estimated MaXd,

CellO Celll Cell2 Cell3
Cell0 0 1.18 0.88 0.98
Celll 946 0 2.24 9.88
Cell2 5.33 11.65 0 142
Cell3 221 2.93 8.79 0

Estimated bond: strength between pre-synaptic cells(in rows)
and post-synaptic cells(in cols).

{0

#4 MEsnk wgmaxd]

5 Lo fai)
Table 4. Estimated arglzlaxa,'

Cell0 Celll Celi2 Cell3
Cello / 5ms 16.5ms 2.9ms
Celll 7.6ms / 134ms 6ms
Cell2 TIms 6.6ms /- 13.3ms
Celi3.}:18.9ms {:12.5ms |- 8:3ms /

Estimated time delay of synapse. transmission between pre-
synaptic cells(in rows) and post=synaptic cells.(in cols)
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Figure 1. Simulated Neural Network
(Node:Neuron, Edge:Synapse)
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Figure 2. Upper: - a, estimated in'each time
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zero, deeper red means larger value. The rise at T =5-10ms
means estimated post-synaptic potential (synaptic
connectivity).from cell O to.cell 1.
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Lower: . Maxd.
T

at'each 1. andr by color. White means

is peak value of upper graph, which seem to

converge around 9.5:
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Figure 3. Estimated €'
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B4 MED LICEEBIN-WRAME
Figure 4. Neurons cultured on MED
Cortical neurons cultured on MED. Black squares are

electrodes (20 wmX20 1w m).Distance between electrodes is
100 m.
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Enigs)

5 MED SIUFHIR N A HRFE KD
Figure 5.A'part of spontaneous firings recorded
with MED
A part of signals recorded from 32 electrodes on MED are
plotted.
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Figure 6. Upper: a7 estimated in each.time

{1.24)

Lower:Change of Maxa,

Upper: Plot a‘,"z'”

zero, deeper red means larger value. The rise at T =5-10ms
means estimated post-synaptic potential (synaptic
connectivity) from cell. 2 to cell-1.

ateach 7. and - by ¢color. White means

Lower: MAXa." " ispeak value of upper graph, which seem

to converge around 10.
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Figure 7. Estimated €*” (Upper), €™ (Lower)
Two Examples of estimated ¢

Figure 8. . Estimated structure of neural
network with our method
Nodes means electrodes on MED. Edges are estimated
synaptic. connectivity with time lapse affixed. Larger
directions means stronger connectivity.
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A basic study of movement sensation evoked by vibrating two tendons
Hiroaki Yaguchi®, Osamu Fukayama, Takafumi Suzuki, Kunihiko Mabuchi (The University of Tokyo)

Abstract

Kinesthesia(movement sensation) plays an important role in motor control of humans. Feedback of movement
sensation from artificial limbs to the nervous system is promising to imptrove the function of artificial limbs.
However, perceptions of only slow movement can be evoked by the stimulation techniques for movement
sensation. We have examined the way to evoke perceptions of fast movenient by vibrating two tendons.
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(movement sensation, tendon vibration, muscle spindle)
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two tendons of synergistic muscles to distal tendon of
biceps.
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Development of flexible neural probes for
neuroprostheses

Takafumi Suzuki

Graduate School of Information Science and Technology,
University of Tokyo

We developed various flexible neural probes to achieve a minimally invasive interface for neuro-
prostheses. Some of these probes have microfluidic channels through which chemicals can be
injected into neural tissues. Some function as electrochemical probes for multidimensional re-
cordings of neural activities. This presentation focuses on the projects concerning: (1) surface
probes for recording electrocorticogram (ECoG) signals, which have mesh structures for im-
proved fitting to the curved surface of the brain and for enabling simultaneous recording of intra-
cortical and ECoG signals; (2) penetrating probes for the brain and spinal cord reinforced with dis-
solvable materials such as polyethylene glycol to increase their mechanical stiffness while insert-
ing into neural tissues; and (3) regeneration-type neural probes mainly for peripheral nerves with
multiple bundled microfluidic channels that serve as guidance tubes for regenerated axons and
also as fluidic pathways for injecting chemicals.

Dr. Takafumi Suzuki received: the Bachelor of Engineering degree from the Uni-
versity of Tokyo in 1993 (Department of Mathematical Engineering and Informa-
tion Physics) and received the Master of Engineering degree from the University of
Tokyo in 1995. He received the Dactor of Engineering degree from the University
of Tokyo in 1998. He worked for four years at University of Tokyo Center for
Collaborative Research as a research associate.  He is currently an Associate Pro-
fessor in the Department of Information Physics and Computing, (iraduate School
of Information Scietice and Technology, the University of Tokyo. His research
interests include neural engineering and neuroscience. In particular, his research
focuses on nerve electrodes (for CNS ‘and PNS), neural control of artificial hands,
artificial fouch sensation for artificial hand, neural control of artificial organs; and
Brain-Machine Interface systems.
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Regeneration-Type Nerve Electrode Using Bundled Microfluidic Channels

TAKAFUMI SUZUKI, NAOKI KOTAKE, KUNIHIKO MABUCH], and SHOJI TAKEUCHI
University of Tokyo, Japan

SUMMARY

Neural interface devices that will allow signals from
the human nervous system to control external equipment
are extremely important for the next generation of pros-
thetic systems. A novel multichannel regeneration-type
nerve electrode designed to record from and stimulate
peripheral nerves has been developed to allow the control
of artificial ‘hands ‘and to generate artificial sensations. In
this study-a novel flexible regeneration microelectrode
based on the nerve regeneration principle was designed and
fabricated using MEMS technologies. The electrode, which
was fabricated on a 25-[im-thick parylene C substrate, has
multiple fluidic channels. Each fluidic channel was 100 jm
wide x 30 {tm high X 1500 pm long and featured multiple
electrodes inside them as recording and stimulating sites.
They also served as guidance channels for the regenerating
axons. © 2009 Wiley Periodicals, Inc. Electron Comm Jpn,
92(4): 29-34,2009; Published online in Wiley InterScienice
(www.interscience.wiley.com). DOI 10.1002/ecj. 10059

Key words: nerve regeneration electrode; brain—
machine interface; neural interface; peripheral nervous sys-
tem.

1. Imtroduction

1.1 Neural interface devices

Recently, neural interface devices have been devel-
oped, both in Japan and abroad, to provide direct informa-
tion exchange with the nervous system of aliving organism:
Realization of multichannel long-term: stable: signal in-
put/output for the nervous system would make possible the

Contract grant sponsors: Ministry of Health; Labor and Welfare (H17-
nano-010): and the Ministry' of ‘Education;: Culture,: Sports, Science and
Technology (Fundamental Research (A) No. 17206022).
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control of prosthetic limbs by motor commands, the control
of artificial organs using information from the autonomic
nervous system, or the creation of artificial haptics and
other artificial sensing by means of external sensory $ig-
nals.

We may think of information exchange with the
central nervous system or the peripheral nervous system.

‘When dealing with the central nervous system (in particu-

1ar, the brain), implanted devices are placed inside the skull.
This can provide robustness to motion and other effects, and
we may expect comparatively: stable signal input/output,
but an event such as infection would be critical. On the other
hand; in the case of the peripheral nervous system, an
accident would have only a local influence; and the inter-
pretation of measured neural signals is easier due to the
closeness to effectors and receptors: In addition, by dealing
with the peripheral nervous system, we may avoid unex-
pected effects caused by direct signal exchange with the
central nervous system. However; the closeness of the im-
planted devices to muscles makes the devices vulnerable to
motion effects, and it is very difficult to emplace devices
steadily so that they do not shift toward nerve tissues. Nerve
regeneration electrodes using the regenerative functions of
peripheral nerves have been developed as neural interface
devices for peripheral nerves [1; 2]. As will be explained
below, the aforementioned shift can be prevented in princi-
ple with such devices, which promises wide application.

1.2 Nerve regeneration electrode

Here we explain the principle and features of nerve
regeneration electrodes. When axons (nerve fibers) of neu-
ral cells in the peripheral nervous system are severed, the
axons degenerate on the distal side (as seen from the cyton);
leaving Schwann cells. (Wallerian degeneration). On the
proximal side, the axons regenerate from the cut-off site
(one or several Ranvier’s nodes). The regenerating axons
are known to be drawn toward the distal side.

Thus, if one cuts a nerve bundle and places a mul-
tipore electrode between the severed stumps, axons regen-

© 2009 Wiley Periodicals, Inc.
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Fig. 1. . Configuration of nerve regeneration electrode
(conventional model).

erate through the porés (Fig: 1): Every pore is operated as
an independent electrode. The nerve regeneration electrode
based on this principle has the following main features.

(1) Since regenerating axons pass through electrode
pores, the electrode and nerve bundle are firmly coupled
both mechanically and electrically. This offers the possibil-
ity of long-term stable simulation and measurement (with
no spatial shift, in contrast to needle electrodes).

(2): Simulation and measurement of a single nerve
fiber or multiple nerve fibers can be produced by adjusting
the pore diameter.

(3) Multichannel signal input/output can be imple-

- mented, which was difficult with conventional metal and
glass electrodes.

In previous studies, such nerve regeneration elec-
trodes used mainly silicon substrates. Recently, polyimide
polymers have been employed as well. In any case, the
electrodes have a planar structure as shown in Fig. 1, with
the electrode pores and interconnections implemented on
the same plane. Therefore, all nerve fibers passing through
a pore contact the electrode at only one point. In the case of
myelinated fibers, degradation of the S/N ratio may be
.- unavoidable, depending on the spatial relations between the
Ranvier’s nodes and the electrode pores (see Fig. 2, left). In
addition, when multiple regenerating axons pass through an
electrode pore; it is difficult to distinguish between individ-
ual signals:

1.3 Purpose of present study

To solve the above problems, in this study we propose
anew netve regeneration electrode with 3D structure using
bundled microfluidic channels, and verify its feasibility.
Previously, we developed: flexible nerve electrodes and
multichannel nerve electrodes using polyimide, parylene C
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Fig. 2. Distance between measurement point and
Ranvier’s node for single nerve fiber.

(polychloro-p-xylylene), and other polymer materials [3—
5}, The previous. technologies were incorporated into the
new nerve regeneration electrode proposed in this study.

Below we report the concept, design, and fabrication
of the new electrode and on its basic evaluation.

2. Fabrication of Electrode Array

2.1 Concept

The concept of a nerve regeneration electrode pro-
posed in this study is illustrated in Fig. 3. Fluid channels
are atranged on a film substrate, and then bundled by
coiling the substrate. Axons regenerate while passing
through the guidance channels. When coiling the substrate,
all gaps are filled with an adhesive so that axons cannot
advance by routes other than the channels. Multiple elec-
trodes are arranged inside every channel. As aresult, elec-
trodes with a good S/N ratio can be selected near the
Ranvier’s nodes (Fig. 2, right). In addition, when multiple

Fig: 3. Configuration of new nerve regeneration
electrode integrated with multiple guidance channels.



