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Modulation in Action Potentials of Rat Hippocampal Neurons
Measured on Multi-Channel Electrodes During
Ultrasound Stimulation
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Abstract: It is known that ultrasound affects action potentials in neurons, but the underlying principles of ultrasonic
neural stimulation are not clearly elucidated yet. In this study, we measured the action potentials of rat hippocampal
neurons cultured on multi-electrode arrays during ultrasound stimulation. From most of electrodes, it was observed
that the ultrasound stimulation increased the frequencies of action potentials (i.e., spikes) during ultrasound stim-

ulation.
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Fig. 1. (a) Experimental setup of ultrasound stimulation on MEA, (b) cultured hippocampal neurons on MEA
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Fig. 2. Ultrasound Waveform used in Stimulation

Turn off Ultrasound
\ 4 \ 4

IRRRRRRRARRRRE NOONNNNNNNN
60sec 60sec 60sec

Prior Ultrasound Stimulation (PrUS)

Ultrasound Stimulation (US)

= Post Ultrasound Stimulation (PoUS)

O3 3. 4% =2ed

Fig. 3. Experimental Protocol

Turn on Ultrasound

Hz, pulse duration (PD)2 2.097 uS & ARSI, 22
1} HA 9] gpatial-peak pulse-average intensity (Igppa)=
18.24 x 10™° W/cm?, spatial-peak temporal-average in-
tensity (Igpra)= 98.72 X 10° mW/ecm?, maximum pre-
ssure= 11.52 KPao|ith. x&u} A9 7t 22wl g
T =7 A|2H(AST01, Onda Corp., Synnyvale, CA,
USA)1} slo]=2 % (HGL-0200, Onda Corp., Synnyvale,
CA, USAYS AFESHo] 245t9ich 18 20 280} 23]
Ag A e EAsEr. 19 88 & ARe) me

2o HojzT 9k AH] ML hRIEOE 2om} A
B B ool A4 £ 9 A S
He

AR 6022 F 3R Adstglon, 250t A=
AEo] wE A1 Ak gF
Qlste], 470) thld A= MES o= B9 3714 01]
Uz oA AEE st 7 ofdA e A= &,
AR FA71E 7HATh 417 A= 25 kHzo] Fapez
AME sk

I:éH:H
el MBACIA S50 42 Aol Al
|25 A 3] flstolant et Geis olgstol
300~3000 Hz oo A E BA51 ).

S AFglel Lnfolag AESHATHI]

Threshold= 6*med1an(abs(x)) (1)
0.6745

S4 ()M X 329) RMS groleh. £4 (D€ 55

AEE AvolaE AT Aefe] mE BE A9 1Y
MES gobiy] gistel 1 AU AT 574 A
oA 28t A A, AT FolA AEE Avtolag] W
S8 olgstol TE A9l9) WetE LAt

3. A ¢y

28t AT At AFo] hHE Fore BE W) W
A RIEHste] folde HEsH] 95k SPSS software
(SPSS Statics 21, SPSS, Chicago, IL, USA)E E3}9
EASHR BALS ATt S BE T-AALS Edle] 2
=3 A= APrUS) A= F(US)oll A& A ofA<]
Lupo]|3.9] Aol Fohe vlaL shylen, =& H pi
0.055C} 27 hor 1% 7ke] $-2j3t 2fol7h ki
Hsioict.

n.& =

et dPor 2295 <l
H 5749 2] Threshold?] H+t
7.57 uvVoly ol& E3| =3 E5 A9 raster plot
2% 4@e} 2tk 24 389 A|7ro] Aol wet 2
FEAY) WESL WEL 2 RS e A B 4
itk uhle] g A(b)ell & 283 43S 2ASHE g
60~120x% F7HA A= A B} Adto]3.9] M =T}
27 Z7kshe ARe B T 4 glon), A3E Y
o= A48 Blws} 2Haskct

a9 5 # Aol 712E AFBEAS] A Hol
23 glom], 2gu A4 2] AT 1Y 50)9)
60z o]FoflA 2Fu} A= A Al By Heje] WA
1;1157], 1‘333]__‘: 7—]& §].o] zﬂ- /\ o]r,]_ E3F 2Ly x—:{-%
HE 1202 o] oA Ali2o] S5 AL7F AA3] Faste
AL sho] s1ac),

18 6(a)= MEAS] A Ao A%

17}517] A MEAE £3)) &34
Zf(mean = SD)-& -37.59 +

g Amo]a

2 FHsto] Lrehil 202, Asfolz gehel wabt gl
A2 B0 % dek. 1Y 6b)2 Ok AR e Ao

K] 2o w2 Sy Hele] WA Rk v $f8 Auf
0|39 H4E 2out A= A, F, T2 Yehyal itk 1
g 6(b)o| Aol AutE A EH, PrUSOAE A% | Ant
o]=17} 787), USo|A 23571, PoUSo| A= 15572 Au}
o|37} A& =9eH, (o)A PrUSe|A+= 567, US=
1607, PoUS: 1747)7} AZE|Qlch. o]9} gro] 2ou} 2}
ol gt 417 Aj2ze] &3t S7eke A gRlstale

179



180

A AL ol 28T A2 A A aluk 417 AlEe] B A9 4E - WA etal.

g

60

40

20

Channel Number

0 20 40 60 80 100 120 140 160 180
Time(sec)

< PIUS >< Us >« PoUS >

g
o
2

Channel Number

1
1
1
1
1
1
1
1
2

S

0 20 40 140 160 180

N
3

80 100 1
Time(sec)

17 4. MEAO|| A 45 A5 99 raster plot (a) 233
o] Gz 49 (b) Z2TAHUS)] Ql7ke A9
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