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Fig. 1 Changes of the APS potentials and their CSD during 100 Hz A-HFS

(a) Schematic diagram of the locations of recording electrode (RE) in hippocampal CA1 region, antidromic-stimulation electrode (ASE) in the alveus
and orthodromic-stimulation electrode (OSE) in the Schaffer collaterals. (b) Schematic diagram of A-HFS application (upper) and an example of
recording in the CA1 pyramidal layer (lower) during 1 min of 100 Hz A-HFS with a pulse intensity of 0.3 mA (denoted by the red bar). The APS
waveforms at 0 s (onset), ~5 s and ~30 s of A-HFS as well as ~2 min after A-HFS are expanded in the insets with red dotted lines indicating the
removed stimulation artifacts. The APS waveforms at these four time points are also overlapped in the upper right corner. (c, d) Changes of the APS
amplitudes (c, left) and APS latencies (d, left) during the A-HFS as well as the ratio of AAPS-amplitude (c, right) and the ratio of AAPS-latency (d,
right) during the three different periods of 0-5, 5-30 and 30-60 s of A-HFS. (e) Examples of 9 channels of evoked potentials around the CAl
pyramidal layer recorded simultaneously by the recording contacts with a 50 pm interval at the three different time points of A-HFS. The red inverted
triangles denote the stimulation artifacts. (f) Current source density (CSD) profiles derived from the evoked potentials shown in (e). The CSD sinks
are shaded. The red dotted curves with an arrow denote the propagation of the trough of CSD sinks. (g) Changes of the propagation speeds of CSD
sinks (left) and the ratio of ACSD-sink-speeds (right) during three different periods of A-HFS. (h) Pearson correlation of the mean APS latencies per
second with the mean propagation speeds of CSD sinks per second during the 5-60 s period of A-HFS (56 pairs of data from (d) and (g)). The
coefficient R? was 0.94 (P<0.01). In (c), (d) and (g): "P<0.05, *"P<0.01; NS, not significant; one-way ANOVA with post-hoc Bonferroni test, n=10.
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AL L APS R AR 1Y A8 A & A 4548, Hy e
EATRIIKE B RA X G RS SR 2T
AL I 35 ) BT SR R R A
2.2 A-HFS3|EM#EFHETRETHLNRE

R T A AR AR AL S T DU R, FE
1 min ) 100 Hz A-HFS Ji5 20 s i[a] , 43B& 204~k b
B 1A Bk, SR 46 ASEK A gap=20 ms (&
2a). gapJri (Post-gap) P MMk itifs & APS I
{HZEH gap A (Pre-gap) MRELF%. 76 A-HFSH4h
2 s Z NI APS T2k 191 8 2 5 {5 AH 4 T Post-gap 11
APS, il “Same-amp” APS. “Post-gap” APS
J5 175 & 1 APS X 25 iV 7] & 3] Pre-gap B (1 7K -
(K 2a% —17). Kl 2a/ T fije A-HFS i 4515 &
APS. “Same-amp” APS. “Pre-gap” APS Hi
“Post-gap” APS D) & A-HFS 45 % ~2 min i} ) APS
M E AR, L EfrAE k.,

& 2b FiF 7R, Post-gap APS HY R {H (5.6
1.7) mV &% /NF A-HFS 5k ih (Onset) %%
() APS i@ (10.042.4) mV, {H % KT Pre-gap
() APS & {5 (1.8+0.5) mV (ANOVA, P<0.01,
n=10) . iXFj Post-gap APS ¥ 43K 2 5 2 iRk iE

By PR AT —E T B Post-gap Pk &2 TRE
5 A-HFS %1 Same-amp I ) (5.5+1.7) mV AH{L,
{02, Post-gap i) APS 7&K (3.0£0.23) ms#1iE
# KT Same-amp [ (2.2£0.30) ms, M5 Pre-gap
1y (3.240.30) ms Jo i % 22 5] (Kl 2c, ANOVA,
P<0.01, n=10), JCHIRM “PKE". I gap f5
APS IR{EIRE T2 1) (47+8.2) %, T HIER
WK T AR (1343.5) %, XEM, iz
JC R R RS b, T %Ay A S R K A
Ly

M4 A-HFS -3 (Onset, Same-amp. Pre-gap
FPost-gap) MIMEIA)Z . TFIEHEIN 94 EE L%
ifs kA (K2d), 5 CSD ([&2e). Pre-gap
B %9 CSD HL 3t /AR /Iy, fH 2848 20 ms 1Y gap J&
Post-gap 1 CSD Lt /XK 7%, 5 Same-amp I}
B R /NARL . AR, Post-gap HL Wi /AL S B
(0.28+0.08) m/s ‘& # /N F Same-amp ) (0.38%
0.12) m/s, Ti5Pre-gapff) (0.25+0.05) m/si%A 3%
#Z5 (ANOVA, P<0.05, n=10) ([&2f), [a]B7 gap
J&i CSD A& AR T AL iR (1346.7) %.
IXFRM, AR 24y % Sl B 1R A L 24 A L
TR 0 .

A-HFSZ5TR )5, 450 10 s 7 Alveus bt fin B ik
Mol (Bl 2a%5—17), TS APS #1 CSD Ay
WG . A-HFS K 545005 10 sEFAH LS, APS
BEME M (1.7+0.5) mVIKE & (5.1£1.5) mV, K
ML E R (39.748.1) % (Kl 2g, n=10); Wk
WIM (3.2403) msKEHE (2.4£0.3) ms, NI
i) (44.6+8.5) % (& 2h, n=10); CSD H i
FALE S N (0.25+0.05) m/s K E E(0.30+
0.08) m/s, MEAE{LER (30.0+21.2) % (& 2i,
n=10). XFW, A-HFSEEHJG 10 s 3 N HEARG
PRI A B 20 (ANOVA, P>0.05,
n=10). & A-HFSZE o J5~2 minibf, EA1H9MKE 1
BT 90 %,

1 A-HFS 45505 10 s 5 HTA 20 ms MBS A4k
SRR, IRE MK 5 LB RN, Rafif
FrEVE, X522 AT 2 R —2 Y, MR
L S 10 s PR 45 10 2 K F 20 ms MBS
(K 2j, paired t-test, P<0.05, n=10), XLeg5ER
B, SOEEAM L, VR AR CSD 4 3l 7E
FE IR A A PR S 3L, RIS 10 s Je HAK &
AR TR IR 1



566+ EMLESEYYIEHRE  Prog. Biochem. Biophys. 2023; 50 (3)

(b)
(@) 1 min 100 Hz A-HFS (0.3 mA) o
g
} )
Recording ‘ 10s ‘ 7 E
atPyr.layer J _ _ _ _ _ _|smv— — — — — — = =
¢ N 120 s £
<
@
Y I ! ““”“””I““l WAL -
I 5mvV <
50 ms
o EV E
o W 5
: i 5
Pre gap \ H =
: %]
A
v <
-200
S.ori. -150
-100
Pyr. =50 -
. B0 73 @
50
S.rad. %(5)8 2
200 | !
_I5mv a~
ne
(® cDs Lms g E
S.ori Source _g =
--
Pyr. .' v
I ' Sink
S.rad. (x
! ‘ I
(® () @ p
0.6FA- X
15 A-HFS EIOO NS m —
> = g 80F M
£ 44.6% 5 ] 11z 2 60l 2 o \
510 £8.5% 0 ~ 041 8
2 G 10s o 40 PR C
2 o) pstiam—— 130.0% 2 20 R
g 5 g =102 End +21.2% & ® o
1% 3 ~ Amplitude Latency Speed
2 oLt 2
o= i oA . Ratio for _ Post-gap—Pre-gap
Oos@‘ 0 60 120 0“& 0 60 120 O“%e& 0 60 120 M0 0ap (20ms) = Onset—Pro-gap
Time after A-HFS/s Time after A-HFS/s Time after A-HFS/s @: Ratio for _ Post-A-HFS,, —End

" post-A-HFS (10s) ~ Onset—End

Fig. 2 Comparisons of recovery of APS potentials and their CSD in a short gap and following A-HFS

(a) Example of a recording in the CA1 pyramidal layer during 1-min 100 Hz A-HFS with prolonged gaps (20 ms) inserted every 20 pulses in the late
20 s. The APS waveforms at onset (0 s), Same-amp, preceding a gap (Pre-gap) and post a gap (Post-gap) during A-HFS as well as ~2 min after
A-HFS are expanded in the insets. The Same-amp APS was an APS chosen in the initial 2 s of A-HFS with an amplitude similar to the Post-gap APS.
The APS waveforms at the five time points are overlapped in the lower left corner. (b, ¢) Comparisons of the APS amplitudes (b) and the APS
latencies (c) among the four time points. (d) Examples of 9 channels of evoked potentials around the CA1 pyramidal layer at the four time points,
respectively. (e) CSD profiles derived from the evoked potentials shown in (d). (f) Comparisons of the propagation speeds of CSD sinks among the
four time points. (g—i) Changes of the APS amplitude (g), the APS latency (h) and the propagation speed of CSD sinks (i) following the A-HFS. The
pink shadows denote the 1-min A-HFS period with the onset data of first A-HFS pulse in the left side and the end data (in red) of last 1-s A-HFS in
the right side. (j) Comparison of recovery ratios of amplitude, latency, and speed of CSD sinks after 20 ms gap and after 10 s of A-HFS end. In (b),
(c) and (f): "P<0.05, “P<0.01; NS, not significant, one-way ANOVA with post-hoc Bonferroni test, n=10. In (j): “P<0.05, *P<0.01, paired t-test,
n=10.
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Fig.3 Responses of CA1 pyramidal cells to orthodromic test stimulations during A-HFS

(a) Schematic diagram of the application of 100 Hz A-HFS with orthodromic test stimulations (OTS) per 10 s (upper) as well as an example of
recording in the CA1 pyramidal layer (lower). The expanded insets show the OTS-evoked OPS in baseline before A-HFS, in 10 and 40 s of A-HFS
and 2 min following A-HFS. The OPS waveforms at the four time points are also overlapped in the lower right corner. (b, ¢) Changes of the OPS
amplitude (b) and latency (c) before, during and following A-HFS. Pink shadows denote the A-HFS duration. (d) Examples of 9 channels of OTS-
evoked potentials around the CA1 pyramidal layer at the four time points, respectively. (¢) CSD profiles derived from the evoked potentials shown in
(d). (f) Changes of the propagation speeds of CSD sink before, during and following A-HFS. (g) Pearson correlation of the OPS latencies with the
propagation speeds of CSD sinks of OPS potentials evoked in the different periods (8 pairs of data from (c) and (f)). The coefficient R? was 0.97. In
(c) and (f): "P<0.05, "P<0.01, repeated-measure ANOVA with post-hoc Bonferroni tests, n=10.
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Effects on Somata by High—frequency Electrical Stimulation at The Axons of
Hippocampal Pyramidal Neurons
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Abstract Objective Deep brain stimulation (DBS) utilizes sustained high-frequency stimulation (HFS) of

electrical pulses to modulate neuronal activity. The therapy is expected to be used to treat more brain disorders. To

deeply understand the mechanisms of the HFS to advance the DBS development, the present study investigates

the effect of axonal HFS on neuronal somata during HFS-induced axonal block. Methods Antidromic high-

frequency stimulation (A-HFS) with a 100-Hz pulse frequency and a 1-min duration was applied at the axons of
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pyramidal neurons in the hippocampal CA1 region of anesthetized rats. To investigate the responses of somata, a
multi-channel microelectrode array with a vertical linear configuration was implanted to record the evoked
potentials in the lamellas around the somata of CA1 pyramidal neurons at the upstream area of stimulation site,
including the antidromic population spikes (APS) evoked by the pulses of A-HFS as well as the orthodromic
population spikes (OPS) evoked by orthodromic test pulses applied during the A-HFS. Current-source densities
(CSD) of the evoked potentials were calculated to evaluate the generation and propagation of action potentials
around the somata of pyramidal neurons during A-HFS. Results A-HFS on the axons of pyramidal neurons
slowed down the propagation speed of both antidromic and orthodromic excitations around somata. In addition,
the occurrence and recovery of the changes of somata were slower than the A-HFS-induced axonal block.
Conclusion Axonal HFS can induce soma alterations that might be caused by changes in membrane potentials
nearby somata. The finding is helpful for deeply revealing the mechanisms of electrical stimulations of brain

nervous system.

Key words high-frequency stimulation, population spike, current source density, pyramidal neuron, propagation
speed
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