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Fig.1 Data recording device and high—frequency stimulation system

(a) The recording system included an electrode array recording system, a temperature control device, and a perfusion system. (b) The high-frequency

stimulation system consists of a stimulation generating device, a stimulation isolator, and concentric bipolar electrodes.
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Fig.2 Low Mg* ACSF—-induced epileptiform discharges
(a) One hippocampal slice of 2-week-old SD rat laying on MEA. The black dots were 60 recording electrodes. Several strips crossed the slice were a

part of nylon mesh to keep better contact with electrodes. (b) Low Mg?* ACSF perfusion signal recorded on the MEA after 30 min of epileptiform

discharge. (c) Amplifying the electrophysiological signals of the recorded brain slices step by step.
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Fig. 3 Space-time characteristics of epileptiform discharges

(a) Time sequence and duration of action potentials. Each point represents an action potential, where the abscissa represents the firing time of the

action potential, and the ordinate represents the duration of the action potential. (b) The ISI mainly centered at 3—7 ms, and 95% of the ISI was at

15.79 ms. (c) The initiation of synchronous field potentials at recording sites along stratum pyramidale from CA3b to CA1 distal region. Each vertical

bar represents the start time of the synchronization field potential. The number in the upper left corner of the field potential is the electrode number.

(d) By comparing the start time of FP and the recording position of FP, the transfer rate is obtained.
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Fig. 4 High—frequency stimulation of hippocampal CA3 region
(a) One hippocampal slice of 2-week-old SD rat laying on MEA. (b) High-frequency stimulation protocol, a total of 900 cycles, the duration of each
cycle is 7.7 ms, and the percentage of duty cycle in the square wave is 50%. (c) The electrophysiological signals of the recorded brain slices were

amplified step by step.
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Fig. 5 Neural network discharge analysis of hippocampal slices
(a) The hippocampal slice of a 2-week-old SD rat was placed on the MEA. DG, CA1, and CA3 were labeled, and the CA3 region was equally divided
into three subfields (CA3a, CA3b, and CA3c). (b, ¢) Contrast of the firing frequency, amplitude, and correlation coefficient of action potentials before
and after HFS.

Table 1 Comparison of action potential firing frequencies in different regions of hippocampus before and after stimulation

Area Spike rate/Hz Amplitude/pV

Pre-HFS Post-HFS Pre-HFS Post-HFS
CAl 5.24+1.14 4.36+0.84 91.83+17.02 73.64+16.84
CA3a 7.28+1.36 5.96+1.41 154.50+30.74 123.27+31.67
CA3b 7.64+1.74 6.04+1.28 296.83+17.98 224.84+22.94
CA3c 6.82+1.68 5.44+1.07 205.64+57.04 164.14+41.73

DG 2.44+0.78 2.13+0.64 80.72+16.90 68.04+13.48
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Fig. 6 Effect of high—frequency stimulation on transmission rate

(a)The initiation of synchronous field potentials at recording sites along stratum pyramidale from CA3bto CAl distal region. (b) Comparison of the

transfer rate of IID and ID before and after HFS.
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Fig. 7 Effect of high—frequency stimulation on epileptiform discharges
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Fig. 8 Power spectral analysis of epileptiform discharges

(a, b) The original waveform and power spectral density of IID. (c) Modulation of the power spectrum of epileptiform discharges by HFS.
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Effect of High Frequency Electrical Stimulation on Epileptiform Discharge
Characteristics in Rat Hippocampal Slices’

ZHANG Kang-Hui", LI Cheng-Shuang”, DONG Lei”, WANG Hui-Quan"”, ZHENG Yu""
(VSchool of Life Sciences, Tiangong University, Tianjin 300387, China;
IState Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract In this paper, stable epileptiform discharges were induced on rat hippocampal slices by using the
electrode array detection technique. To analyze and study the parameters of the hippocampal slices, the starting
site of epileptiform discharges, the propagation direction and transmission rate, and the power spectral density of
each frequency band during the inter-ictal discharges (IID) and ictal discharges (ID) when 130 Hz high-frequency
stimulation (HFS) was applied to CA3 region. The results showed that HFS could effectively reduce the amplitude
and duration of seizures, increase latency time, and inhibit the transition of epileptiform discharges from IID to
ID. In conclusion, HFS resists epilepsy through promoting the inhibitory transmission system and resisting the

excitatory connections between hippocampal neurons.
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