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microstimulation pulses in the mouse visual cortex layer II/I11
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Abstract—Cortical voltage responses to repetitive mi-
cro-stimulation pulses in the primary visual cortex layer II/IIT
were examined in the mouse cerebral slices. The stimu-
lus-induced excitations were composed of the accumulated and
the responsive components, which were attributable to those
with the non-synaptic and synaptic mechanisms.

[. INTRODUCTION

The intracortical microstimulation is considered as a
means of controlling neural circuits for alleviating cortical
dysfunctions, such as for visual prostheses [1]. Our previous
study showed that the single microstimulation pulse delivered
to the primary visual cortex initiates action potential firing of
neuronal population in the vicinity to the stimulating electrode
tip in a few milliseconds, which then activates the downstream
excitatory and inhibitory circuits to confine the excitation in a
local spatial region [2]. This single-pulse response dynamics
provides a possible underlying mechanism for the localized
phosphenes induced by the microstimulation in humans [1].
However, cortical responses to trains of the microstimulation
pulses delivered at high frequency, which have been used in
the human and non-human primate studies [1][3], may not be
simple linear convolutions of the single-pulse response.
Therefore, in the present study, we analyzed the response
dynamics during high-frequency train stimulations in the
mouse cerebral slices by means of the voltage-sensitive dye
(VSD) imaging at the millisecond scale.

II. METHODS AND RESULTS

Animal experiments were performed under approval by
the Animal Experiment Committee of Osaka University and in
accordance with the Guidelines for Proper Conduct of Animal
Experiments by the Science Council of Japan. The experi-
mental methods were similar to those of the VSD imaging in
the previous study [2], except that 1) the microstimulation
pulses were delivered at either 50 or 200 Hz to the layer II/I1I,
2) the imaging area was 154 x 820 um on the slice and 12 x 64
binned-pixels of the CCD sensor, in which the acquisition rate
was 1000 fps. The data sets obtained for four slices were
analyzed and averaged to be shown in the figure.

Fig. 14-B shows time courses of the VSD signal (i.e., the
fractional intensity changes of the light transmitted through
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the VSD-stained slice [2], denoted as A7(#,)/To in the figure)
in the vicinity to the stimulating electrode tip through which
the microstimulation pulses (either 20 or 40 pA/phase in
amplitude) were delivered at either 50 (4) or 200 Hz (B). The
traces obtained in the control condition (green), in the pres-
ence of 20-uM D-APS5 (blue), and in the presence of both
20-uM D-APS and 10-uM DNQX (or CNQX) (red) are su-
perimposed in each of the panels. As shown here, the increase
in the VSD signal, which corresponded to membrane depo-
larization, was induced by each of the stimulation pulses, and
was accumulated during the train stimulation with either of the
frequencies. The pharmacological tests showed that the ac-
cumulation of the excitation involved synaptic circuitries with
NMDA and non-NMDA glutamate receptors. Also, the ex-
citation was accumulated under the blockade of glutamate
receptors. The accumulating responses appeared to reach
plateau levels after approximately 60 msec. Fig. 1C-D shows
spatial profiles of the VSD signal along the axis parallel to the
layer plane. Each of these profiles was calculated as the av-
erage of those for the time points immediately before the
stimulation at 60, 80, and 100 msec (solid lines) (referred to as
accumulated component), or for the time points when the
responses to the three stimulation pulses reached the peak
(dotted lines) (referred to as responsive component). As
shown here, the spatial profiles appeared to consist of the
accumulated and the responsive components, both of which
were attributable to non-synaptic excitations and the synaptic
excitations. Possible roles of electrical and inhibitory synap-
ses, and/or glial cells in shaping the excitation accumulation
remained to be examined.
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Figure 1. Cortical voltage responses to the train stimulations.
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