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Fig. 1. The response of electrically-evoked RGC spikes in normal and rd1 mice retinas. (A) In normal mice retina. (a) Typical
waveforms show that only few spikes are evoked with electrical stimulation. The voltage stimulus consists of biphasic pulse (anodal
phase first, phase duration 500 s with no inter-phase delay, 1 V amplitude). (b) PSTH shows single peak with the latency of less
than 100 ms. (B) In rd1 mice retina. (a) Typical waveforms show that ~10 Hz background oscillatory rhythm and rhythmic bursting
type firing of RGC spikes (marked by grey zone). Biphasic voltage stimulus with the amplitude of 2 V is applied. (b) PSTH shows

multiple (~4) peaks with ~10 Hz rhythm within 400 ms.
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Fig. 2. Electrically-evoked RGC responses to different voltage amplitudes (a) and voltage durations (b) in normal mice retinas. (a)
Left: Upper and lower traces show raster plots and PSTH with different voltage amplitudes of 0.5 V, 0.7 V, 1.0 V, and 1.5 V (while
voltage duration is fixed with 500 «s). Right: RGC response vs. voltage amplitude curve. Red line is sigmoidal fits to data. When
the number of evoked RGC spikes per pulse is 0.5, threshold amplitude is extracted from the fitted line (0.32 V). (b) Left: Raster
plots and PSTHs with different voltage durations of 100 xs, 200 s, 300 s, and 500 s (while voltage amplitude is fixed with 1.5
V). Right: RGC response vs. voltage duration curve. By sigmoidal fits to data, threshold duration is extracted as 65 #s.
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Fig. 3. Electrically-evoked RGC responses to different voltage amplitudes (a) and voltage durations (b) in rd1 mice retinas. (a) Left:
Raster plots and PSTH with different voltage amplitudes of 0.7 V, 1.0 V, 1.5 V, and 2.0 V (while voltage duration is fixed with 500
). Right: RGC response vs. voltage amplitude curve. (a) By sigmoidal fits to data, threshold amplitude is extracted as 0.55 V. (b)
Left: Raster plots and PSTHs with different voltage durations of 200 xs, 300 s, 500 s, and 1,000 #s (while voltage amplitude is
fixed with 1.5 V). Right: RGC response vs. voltage duration curve. (a) By sigmoidal fits to data, threshold duration is extracted as
313.25 is.
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Table 1. The threshold charge densities of retinal ganglion cells (RGCs) in normal and rd7 mice retina.

Voltage stimulus condition

Threshold charge density
in normal mice retina

Threshold charge density
in rd]l mice retina

When voltage duration is changed
(with fixed voltage amplitude: 1.5 V)

When voltage amplitude is changed
(with fixed voltage duration: 500 1S)

22.69~37.57 1 C/cm’ (n=6)

37.23~61.65 1« C/cm’ (n=8)

120.50~170.60 2 C/cm® (n=5)

70.50~99.87 1 C/cm’ (n=7)
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Comparison of Retinal Ganglion Cell Responses to Different Voltage
Stimulation Parameters in Normal and rd7 Mouse Retina

Jang Hee Ye*', Sang Baek Ryu' T, Kyung Hwan Kim' T, Yong Sook Goo*'

*Department of Physiology, Chungbuk National University School of Medicine, Cheongiju,
TDepartment of Biomedical Engineering, College of Health Science, Yonsei University, Woniju,
TNano Artificial Vision Research Center, Seoul National University Hospital, Seoul, Korea

Retinal prostheses are being developed to restore vision for the blind with retinal diseases such as retinitis
pigmentosa (RP) or age-related macular degeneration (AMD). Since retinal prostheses depend upon electrical
stimulation to control neural activity, optimal stimulation parameters for successful encoding of visual information
are one of the most important requirements to enable visual perception. Therefore, in this paper, we focused
on retinal ganglion cell (RGC) responses to different voltage stimulation parameters and compared threshold
charge densities in normal and 7d7 mice. For this purpose, we used /n vifro preparation for the retina of normal
and rd7 mice on micro—electrode arrays. When the neural network of rd7 mouse retinas is stimulated with
voltage—controlled pulses, RGCs in degenerated retina also respond to voltage amplitude or voltage duration
modulation as well in wild—type RGCs. But the temporal pattern of RGCs response is very different; in wild-type
RGCs, single peak within 100 ms appears while in RGCs in degenerated retina multiple peaks (~4 peaks) with
~10 Hz rhythm within 400 ms appear. The thresholds for electrical activation of RGCs are overall more elevated
in rd7 mouse retinas compared to wild—type mouse retinas: The thresholds for activation of RGCs in a7 mouse
retinas were on average two times higher (70.50~99.87 « C/em? vs. 37.23~61.65 1 C/cm?) in the experiment
of voltage amplitude modulation and five times higher (120.5~170.6 2 C/cm?® vs. 22.69~37.57 12 C/cm?) in the
experiment of voltage duration modulation than those in wild-type mouse retinas. This is compatible with the
findings from human studies that the currents required for evoking visual percepts in RP patients is much higher
than those needed in healthy individuals. These results will be used as a guideline for optimal stimulation
parameters for upcoming Korean—type retinal prosthesis.

Key Words: Retinal prosthesis, Optimal stimulation parameter, Retinal ganglion cell, @7 mice, Threshold
charge density
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