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Abstract

Because ITO (indium-tin-oxide) glass electrode has both good transparency and high electrical
conductivity, it has been used to electrically stimulate cultured cells and also observe the
responses simultaneously. However, this tool has not been used to quantitatively stimulate
neurons and observe the network behavior among them. In this study, we developed a system
capable of electrically stimulating cells by simply patterned ITO glass electrode and we
investigated the neural network connectivity in rat hippocampal neurons with this system.

Chapter 1 introduces conventional electrophysiological methods and Ca®* fluorescent imaging
techniques observing the neural network activity. As a method to electrically stimulate cells
and observe the responses of the cells with Ca** fluorescent imaging, studies on ITO glass
electrode are described.

Chapter 2 describes the fabrication of a quantitative current stimulation system without using a
counter electrode. The middle region of the conductive area of the ITO glass electrode was
designed and patterned with photolithographic and wet-etching procedure to stimulate cells with
enough intensity. Nerve growth factor (NGF)-induced differentiated PC12 cells were cultured
on an ITO single glass electrode, and the Ca*" response to electrical stimuli was measured using
fluorescent Ca®" imaging. ITO electrode devices with a width less than 0.1 mm were found to evoke a
Ca”" response in the PC12 cells. We found that the stimulation of the cells was dependent on the electrical
current, when greater than 60 pA, rather than on the Joule heat, regardless the width and length of the
conductive area. Furthermore, only the cells located on or near the electrode were stimulated.
A Ca”" response was also evoked in hippocampal neurons when cultured on these devices.
These results show that the ITO device developed in this study is considered to be a useful tool
for evaluating the quantitative neural excitability of cultured neurons in situ.

Chapter 3 describes the examination of the neural network maturation with days in-vitro (DIV) on the
patterned ITO glass electrode, by observing responsivity and cooperativity between dissociated hippocampal
neurons. The cumulative number of neurons with Ca”" responses was low during the application of
stepwise increase of electric current in short-term cultured neurons (less than 17 DIV).  The neurons cultured
over 17 DIV showed two-type curves of cumulative number of neurons with Ca”" responses: S-shaped and
monotonous saturated responses, and Scatchard plots well illustrated the difference of these two responses.
The ratio of responses with delay time of several seconds to the onset of stimulation was larger in the neurons
showing S-shaped responses than in those showing monotonous ones. Furthermore, S-shaped neural network
responses over 17 DIV were altered to the monotonous saturated ones by the application of the mixture of
D,L-2-amino-5-phosphono-valerate (AP5) and 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), specific
blockers of N-methyl-D-aspartate (NMDA) and o-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors, respectively. This alternation was also characterized by the change of Scatchard plot,
delay time of responses and Hill coefficients. These findings indicate that the neural network with S-shaped
responses has strong synergetic or cooperative synaptic connectivity via excitatory glutamate synapses.

Chapter 4 describes the conclusion of this study and the possibility of this patterned ITO glass electrode for
various applications in the neuroscience.




