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Fig. 1 Responses of neuronal populations to a 5 s short train of 100 Hz stimulation in hippocampal CA1 region
(a) Schematic diagram of the placement of stimulation electrode (SE) and recording electrode (RE). (b) PS potential evoked by a single pulse during
baseline recording. (c) Response potentials during a 5 s HFS train and an after-discharge following the HFS. The red bar denotes the HFS period. Small
triangles and vertical dotted lines in the expanded insets denote the removed stimulation artifacts. Refer to literature [19] for the method of artifact

removal. The red triangle denotes the first pulse of HFS. (d) PS potentials evoked by single pulses at 30 s and 10 min after the HFS termination.
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Fig. 2 Responses of neuronal populations to a 2 min long train of 100 Hz stimulation in hippocampal CA1 region
(a) Baseline PS waveform evoked by a single pulse. (b) Response potentials during a 2 min HFS train. (¢) Multiple-unit activity (MUA) obtained by
filtering the raw signal in (b) by a high pass filter (> 500 Hz). (d) PS potentials evoked by single pulses at 30 s and 5 min after the HFS termination.
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Fig. 3 Post-HFS responses evaluated by PS potentials evoked by single pulses after 5 s short and 2 min long HFS trains

(a) Normalized PS amplitudes. (b) Normalized PS latencies. The insets on the upper corners indicate the calculations of the PS amplitude and PS

latency. The brackets denote the data points that have significant differences from corresponding baseline values.
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Sustained High Frequency Stimulations Change The Effects
on Neural Networks Induced by Short Stimulations

ZHOU Wen-Jie, FENG Zhou-Yan™, QIU Chen, MA Wei-Jian
(College of Biomedical Engineering and Instrument Science, Key Laboratory of Biomedical Engineering of Education Ministry,
Zhejiang University, Hangzhou 310027, China)

Abstract High frequency stimulations (HFS) of electrical pulses with different durations have different effects on
the nervous system in brain. A short HFS train with a duration of several seconds can be used to establish epilepsy
models in animals yie a “kindling” effect. It can also produce changes of synaptic plasticity that may persist.
However, a long HFS train with a duration several minutes or longer can be safely applied in deep brain
stimulation to treat various brain diseases in clinic. Therefore, we speculate that a sustained HFS could change the
neuronal responses induced by a short HFS. To verify this hypothesis, 100 Hz HFS with durations of 5 s and 2 min
were applied to the Schaffer collateral of afferent fibers in the hippocampus CAl region of rats. The response
potentials of downstream populations of neurons, i.e., population spikes (PS), evoked by a single test pulse were
monitored after the termination of HFS trains. The evoked-PS potentials following the two types of stimulation
were compared. The results showed that after-discharge events with epileptiform activity appeared immediately
following 5 s short HFS trains. In addition, the changes of amplitude and latency of the evoked-PS suggest an
increase of excitability persisting for tens of minutes after the termination of 5 s short HFS. In contrast, silent
periods of a few tens of seconds without any neuronal firing appeared immediately following 2 min long HFS
trains. Furthermore, the amplitude of evoked-PS by test pulses recovered to the baseline level in a few minutes
after the termination of long HFS. Because long HFS trains include short HFS trains, these results indicate that the
late stimulation of long trains can change the effects on the downstream neural networks produced by their early
phases and eliminate the long-term excitatory effects induced by short trains. These findings are of significance for

further revealing HFS mechanisms and for advancing the clinical applications of deep brain stimulation.

Key words high frequency stimulation, hippocampal CAl region, stimulation duration, neural network,
plasticity
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