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Fig. 1 Dynamic responses of downstream neurons to the HFS trains in the hippocampal CA1 region
(a) Locations of the orthodromic-simulation electrode (OSE) in the Schaffer collaterals and recording electrode (RE) in the CAl pyramidal layer. (b) An
example of 1 min artifact-removed signal with 100 Hz HFS (top) and the corresponding MUA signal (bottom). The red bar on the top of signals denotes
HFS duration. (c) Raster plot of unit spikes generated by an interneuron together with the firing rate (the red curve) during the late HFS period without
PS activity. The red dashed line denotes the end of PS activity. (d) The PLV curve and (e) the latency curve of the spikes in (c) calculated in a time

resolution of 1 s.
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¥ 30 s 7R3 AN 10 s BFIX, HECKE 2 ANEFIX,
B HES ] 30~40 s £l 50~60 s iX 2 AN X 22 [7] )
ZEal. R 1 PR, FISRAE TR 2 ANEFIX P
PR IIR I A 235 2 5 (paired t-test, P > 0.45).
KR 2 T E AL R C AR E

BEAk, R TT RV B AR TR B35 T
PR TCIT 3 R (-test, P<0.01). {H2, ik
HERMIAR IR ZE TE, EATT A TBER 2/ T R K
FHA (100 Hz), R W] PY A0 42 0 AN AE 56 42 PR Bl
BEA RS A= B AR LA

Table 1 Firing rates of SUA during the late 30 s period of 1 min 100 Hz HFS

Mean firing rates in different periods/(spikes*s™)

Neuron type Neuron number
Baseline Late 30 s HFS 30~40 s of HFS 50~60 s of HFS
Pyramidal cells 66 1.56 +2.24 6.76 + 7.28% 6.53 +7.28" 6.81 +7.77
Interneurons 20 12.5+10.9 344 +24.6* 344 +27.0 349 +24.8

*Pyramidal cells s. interneurons (¢-test, P < 0.01). “Late 30 s HFS 5. baseline (paired ¢-test, P <0.01).
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X B R BRI B, (HiE, i
SR e 22 T P B R A AR SR A7 A . 3 22 5
Bilhn, K 2a BRI R BT I, B AL
GIAE 4t B B AR AE B B R 3 (B 2a-1). 1
Zonel (K 2a-2), HHAIRKBIAH{E PLV 5 0.90, 1
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Fig. 2 Raster plots and PSTH plots during HF'S for spikes of typical pyramidal cell and interneuron
(a) Data for a typical pyramidal cell. al: 2-D raster plot of the spikes shows the distribution changes of firing timing in the inter-pulse-intervals during
late HFS period. Overlapped waveforms of the unit spikes from the pyramidal cell are showed above the plot. The red waveform denotes the average
waveform. a2 and a3: PSTH plots with rectangular coordinates (top) and polar coordinates (bottom) during the 30~40 s period of HFS (a2, Zonel) and
50 ~60 s period of HFS (a3, Zone3). The bin widths of PSTH plots are 0.2 ms. Mean latencies of the spikes were calculated based on the circular

statistics. (b) Data for a typical interneuron. b1, b2 and b3 are similar to al, a2 and a3.
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Fig. 3 Changes of phase-locking relationship between unit spikes and stimulation pulses in the progress of HFS
(a) Mean phase-locking values (PLV) of pyramidal cells and interneurons in different time zones of HFS. al: PLV of the two types of neurons in each
10 s zone during the 30-60 s period of HFS. a2—a5: Scatter diagrams of the PLV between paired 10 s zones showing the decrease of PLV in the progress
of HFS. Each point represents one neuron. The dot lines are diagonal lines. (b) Mean latencies of pyramidal cells and interneurons in different time

zones of HFS. b1-b5 are similar to al-a5. *P < 0.01, paired ¢-test; “P < 0.01, ¢-test; n = 66 for pyramidal cells, n = 20 for interneurons.
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Dynamic Responses of Neurons to High Frequency Stimulation®

HUANG Lu, FENG Zhou-Yan”, WANG Zhao-Xiang
(Key Laboratory of Biomedical Engineering of Education Ministry, College of Biomedical Engineering

and Instrumentation Science, Zhejiang University, Hangzhou 310027, China)

Abstract Deep brain stimulation (DBS) has shown great potential for treating various neurological disorders in
clinic. However, the mechanisms of DBS are not clear yet. Regular DBS uses high frequency stimulation (HFS) of
pulse sequences. The narrow pulses facilitate the activation of axon fibers most readily among all elements of a
neuronal structure. Through the projection of axons, the effects of HFS can spread to downstream neurons.
Therefore, to explore the mechanisms of DBS, we investigated the effects of axonal HFS on the downstream
neurons in hippocampus, as it has been an important target for treating diseases such as epilepsy and dementia.
One-minute HFS at 100 Hz was applied to the afferent fibers of hippocampal CAl region (i.e., the Schaffer
collaterals) in anesthetized rats. Single unit spikes of pyramidal cells and interneurons in the downstream CAl
region were recorded and analyzed. Firing rates of spikes, phase-locking values (PLV) between spikes and
stimulation pulses, as well as spike latencies were calculated to quantify the changes of neuronal action potential
firing during the HFS periods. Results showed that during the initial period of HFS, synchronized action potentials
(i.e., population spikes, PS) generated in the population of neurons. During the late period of HFS (after the
disappearance of PS events), both types of neurons continued to fire unit spikes with stable rates. However, the
phase-locking relationship between spikes and stimulation pulses decreased gradually, while the latencies of spikes
increased gradually. In addition, compared to interneurons, the unit spikes of pyramidal cells had smaller
phase-locking values and longer latencies. These results indicate that prolonged axonal HFS can generate
asynchronous activity in the downstream neurons. Partial block in axon conduction induced by high-frequency
pulse stimulation might be one major cause underlying the phenomena. The present study provides important

information for revealing the mechanisms of DBS.
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