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The Moore’s law predicting that the number of transistors on integrated circuits doubles every 18 months since 1970’s has been

underlying industrial innovation. In the field of neuroscience, a similar trend is observed for the number of simultaneously

recorded neuronal cells, which has doubled every 7.4 years since the late 1950°s. Neural engineering has emerged from the

confluence of these two technological trends and has significantly promoted a number of progresses in our understanding of the

brain and the developments of neural prosthesis. In the present paper, we introduce how innovative instrumentation engineering

and information technologies have brought benefits in our daily physiological experiments and sometimes led to major

discoveries in a discontinuous manner. Furthermore, increasing capacity to acquire and analyze massive data may change not

only treatments of neural data, but also scientific approaches in neuroscience.
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Fig. 1. Microelectrode arrays for in vivo experiments
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Fig.2. Neural mapping in the auditory cortex

WXy NU—J2RETED LD, BEEFELOREE
DHFEN D, ZOMEER Y NV —210i%, FAEE0OBH
28 - BBABRRYE, e RFRERBENTVWEZ LA
o TE WD,

WNEBRT V1 2R TR, e~y 7L REEED,
HEFFELVBRIIBERBIIEETED L5227, Ln
L, SNHOEEMR, BNERT VA BERT IR
HBEINTERk, TOATHE, EaMaRingbnktb
TRV, EaRmREAIET 5 ERFIEL, EXRTF
EEIX, BRBAF—VDEZEFHND,

Bz T, BE, ARICEERLTWAERFERE LT, =
HFRBEMERET N, CoFEEAWD &, A
REN O Eum DR S THEBSER LY EEETIETE 5,
BHA A=V T EPFRTIUL, invivo DRIEREIZRBV
T, BREMEOILY Y LMRERFEITE D, ZOFED
B2 AT, SENOMRMBROI LYY MREE SR
FRFEHAICEA & ThHDH, REDOHETIE, TITFhHE
WHNBEMEEIC LA IN Y T LA A=V T T, BEREND
BT 5 =2 — 0 v OREFESHERLNL TN A0 20
R, BETIMEMETY, RIEFEREVICE B2
HZLBHALMTENT, OFEY, MEEOAEE~ v 7D
BRFFIE, 500 pm BEOFHRA 7 — AV TIXFET 523, B—
MLV OI 7 u2BRTIFEELRY, EbiL, T~0
BUSHFHEIZEDSWT, BT RE L-2mEiiaz o8|l
T2 A, BIRIG LRV 25%, BICRRET 550
DBFHER RV 33%12 ko572, W, BARER B
B R TR 25%R2E Lo Tz, THET, b
BRTHARNDLGN, BRLBOERLEULLNTE AR
< V7L, 25% L DEIRD = a2 —m D ANSN—ARIEENCE
SNWTWELITThHD, ZOXIREBERALNCRD &,
TRTOMEMIE» D ORFHARETETEEREICR S,

DX, HERIVLEREICKEDT —ZXERET
ERLICROTEIELHY, REOHFFEIE, HEMPED
BRRSHEICER T Z RSN Zhon, #

REGORFRETIIRL, PERHRS) b, EE2ED
DX TET, FHREMEREVIZIERAL L

BB DLELBIEENBITT TH 590,
EHBIR r— R EbIE, MRESZETTAHRAL—
ET5D, e ARy —VORSBEHETHEZDIC, &

|EEJ Trans. EIS, Vol.133, No.3, 2013

—3569—



HETZOBR (BHEM, )

% OFHAIEMT OEFNTEIRE L2V,
(2:2) invitro BB  BNIZERT LA ZEDIAL S

LB, BaxBERELD, BT, BEHSELD
L, BHEOBmYEILAELY, X7, SHBOEMEEICIT
BAEEFCMOBMHERBEEZER Lz id by, YR
DT LN b, BRAARICEBEEZEST S L, HREIS
ZTOHLONRHERT D, TOR, inviro R, V¥ —1LIC
BT VA ZEY LI LT, ThbDRBEDEL 2ER
T&5b, LER-T, invitro EBRTHOWONAH/NERT
LA OFHALE DOENE, invivo RERD A —T DIERIL Y 104
BEXRTLTVA,
BYMOREOMEIRY HL, BETOMLEE, > v—
L EICERE - BRT 5L, MRMEIEE DERNICR Y b
T —7 2B T 5, 0K D RMEMEOMNRsREER
HREREROMEET LV E LTER SN TE R %
7o, BEAEEZRVELE XD L, WRIFESH N FZ—12E
EEEBZEND, MoFmBEEOETLE LTHRIASH
TEEO0 =N L0ERLT, M3@0 X5\, BNER
T oA ETHBMIEEREET I EICLY, EBHESIC
BETES, 2B, 20X 2ERFIEIL 1980 FRITiX
T TITRESL STV B30,
BEDES L O TIE, B30 X 5T, #IE
A ETOERBREOFEEREZRLTVNE®, fIZiE, 2%
MRS &L ARRE 2 R R L, DD Y X AR
& invitro BFRERTE 5, ZOERTIX, EMSRAAAL
TR~ T T AREERRTHI L, IbIT, WM

EMmT Vv

(a) Di

primary culture on the

icroeiectrode array (MEA): (i) Culiure
under test; (i) Ncural signals from MEA,

sympathetic neurons

cardiomyocytes

{b) Co-cul and my
of heartbeat rh)ahm conlro! system in vitea.

Hetion

dial cefls for

Fig.3. Microelectrode arrays for in vitro experiments

546

HMBE~OBSKREIZ LY, LHBHETES Z L INERS
NTW5B, 2D XD inviro BRERENNL, AHRE0HE
FRIZET H1E0 0 T2, AIEOMEY —L & LTHERF
TE %,
tt L, N EBT VAIIERFELLTEELTNS

, —RRRIICIE, FOZEMSRERRITE 100 yam BRE L LT L
hﬁ<&w X 3@ bHRTES X1, —2OEMITHE
BoOMBEOEESZFALES L, EEd LB RiTst
HIRSR L1372 6720,

R BUNERT LA IR 25 LWEEIEHR & L
T, CMOS Hifi2FIH LI-mEEEET L1 23, NS0
BEOHIEIN—TTHESNLTNEP®), T 4)ik
Hierlemann 512 X ¥ BFE & /- CMOS BiET LA THDP,
F7 VAL, 1.8mm A OFHAELRKIC, 11011 BOEREE
T 5, HEMOERIT 7um, BHBEEEEX 17 um, Y7
)/7H&ﬁmmmha,ﬁm®ﬁﬂﬁ SRREIIAED TH

o TERRARILOEAITE 10 um & CMOS 7 LA OB R
%bﬂ%&t@,l«mm;ok EEOEET 1AL E
BTEB60, Kbz, B 4R T X HIT, EEVEA I E
T%E%#é%%%?ﬁkf%émo_wxog,ﬁm@
ZERIIREES —HTM L+ 5 &, HERFHELREEEORFE
BEBLEND X IR B,

(a} ngh dcnsnv Cl MOS elecirode array: (i} Whele view; (i) Magnification of
measurement region

e cloctrode

{b) Mapping of single neuron activity, (i) Size of neurons with respeet to a grid
of electrode array. (ii) Simultaneous recording of extracellular potentials
around & test neuron with GFP epression.

1.5ms 2ms .8 ms 3.5ms 12 0>
=

3 , e |ig

E o e e B

B ¥ § 2

[ stm. 05 mm i<

(c) Visualization of action petential propagation on CMOS array. At s given
post-stimulus latency, each inset shows the maximum amplitude measured
since an clectrical stimulus pulse was applied. The stimulus pulse was applied
at the fower Ieft shown at 1.5 ms. Black arrows 2t 2.2 ms are putative tracks of
action pofential propagation. White arrows af 3.3 ms are putative responses
from cell bodies.

Fig. 4. CMOS array for neural recording in vitro
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{1} Decoding of tone frequency from amplitude of gamma-band oscillation. (i)
Cortical distribution of high band amplitude (60 - 80 Hz) in response
to 16-kHz and 40-kHz tones. The recording sites had a geid of 400 pm, (i)
Contribution for classifying 16 kHy from 40 kHz, Broken area comesponded to
a mid-frequency region (10 - 25 kHz) in the anditory cortex

(b Decoding of tone frequency from high y. {i)
Matrices of phase locking value (PLV) of the gamma-band oscillation in
response to 16-kHz and 40-kHz tones. PLVs were estimated for all the pairs of
recording sites (Ch #1~#96). {if) Electrode pairs with high contribution for
classifving 16 kHz from 40 kHz.

Fig. 5.

band phase synch

Neural decoding in the auditory cortex
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Vagus nerve stimulation induced synchrony modulation of local field potential in the rat cerebral
cortex.
Ryuji Kano*, Non-member, Kenichi Usami**, Non-member,
Takahiro Noda*, Non-member, Tomoyo Isoguchi*, Non-member,
Kensuke Kawai**, Non-member, Ryohei Kanzaki***, Non-member, Hirokazu Takahashi*,*** Member

Vagus Nerve Stimulation (VNS) is a surgical treatment for intractable epilepsy. Therapeutic mechanisms of
VNS have not been elucidated. Although one of the putative mechanisms of VNS is desynchronization among
cortical neurons, it is difficult to detect such acute neuronal dynamics by scalp-recording electroencephalography
(EEG). Some animal studies have shown that VNS induces decrease in spike rates and that VNS evokes
desynchronization of MUA, yet neuronal dynamies at a local network level, i.e., on the order of a few mm, have
not been fully characterized. In this study, we measured the local field potential (LFP) with high-spatial
resolution using a microelectrode array from adult rat temporal cortices and analyzed VNS-evoked phase
modulation at a local network level. We used phase locking value (PLV) as an index of synchronization, and found
that VNS induced increase in PLV of temporal cerebral cortex at Gamma bands. Thus, VNS elicits
synchronization of LFP at Gamma band.
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Fig.1. Experimental procedure.

(a) Vagus nerve stimulation device used in the experiments.
(Cyberonics) (b) Anatomical landmarks of vagus nerve in
rats. Spiral electrodes are wrapped around the left vagus
nerve. (c) Implantation of VNS generator. The generator
is implanted subcutaneously on the dorsal side of rats. (d)
Cortical mapping of neural activities using microelectrode
array. The figure shows the array inserted in the temporal
cortex. () LFP used in analyses. LFP was divided into 3
separate periods: PreVNS, VNS, and PosVNS, which are 25
seconds before, during, and after VNS, respectively. VNS
was effective between t1 and t2 in the inset. () Test trial.
In each trial, VNS with durations of 30 sec were presented 5
times with inter-stimulus interval of 5 min. A new trial
with a different stimulation current was followed after a
30-min rest period. (g0 Waveform of VNS. Biphasic
current pulse was used. In the phase “A” in the inset,
afferent pathways were activated, while a pulse in the phase
“B” was below the threshold for activation of efferent
pathways.,
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Fig.2. Spindle waves and non-spindle waves.

Lower and upper insets represent LFP and the instantaneous
amplitude of filtered waves (8-13Hz).

instantaneous amplitude surpassed the threshold is defined as

The period when the

spindle times.

Y

$0dB

20

20dB 320
Lokt bikit s
(b) 64kHz

Fig.3. Physiological characterization of auditory

B | 6kilz

cortex.

(a) Representative tuning curve. The gray level shows the
spike rates per seconds in response to various test tones with
a given pair of frequency and intensity, (b) Tonotopic map. The
gray level shows a characteristic frequency at a given
recording site.

REERRIL 5 oMe L, A8t 5 B Lz, —20RIT
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BNT, RURRRTZ 4 VZENT, eV NE#REE
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Fig. 4. LFP changes induced by VNS.

(a) VNS-induced change of PLV. Upper, representative
spatial pattern of PLV with respect to an arbitrary channel (*).
Lower, PLV as function of distances. (b) Band-specific
VNS-induced changes of PLV. PLVs averaged across
all test pairs of recording sites increased during and
after VNS as compared to those before VNS. (c)

Band-specific LFP power.

Asterisks indicate that LFP powers

during VNS and PostVNS are significantly lower than those of
PreVNS: *,p<0.05; two-sided one-sample t-test.
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(d, ) VNS-induced increase of PIV in high gamma
(d) and high beta bands (e) as a function of distance of
a test pair of recording sites. (f) VNS effects as a
function of stimulation current. PLVs of low and high
gamma bands increased after VNS in a current
dependent manner. Asterisks indicates that PLV are
significantly larger for PostVNS than PreVNS:
* p<0.05; one-sided two-sample t-test.
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THERBIRZLND LN ZEBMBNTVENRLTH
%0908
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ARFIRIE, VNS LFPICE X HEBLHE -, HEET
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DR —FEREEHI LR, yHBICRBT2RBES
HEMERBIERbhofz, ZO LI RRHOENIE, 1
mm BEHNL - EBH CRLEECRD b, £z, VNS
25 PLV O LIz RIETEENT, MHBRER 0.5 mAD L&
R KIZIZ- T, T DML, VNS OABEZEMER
BN Z, BERANRATA—IRECLEATHELE
Z2bNnb,
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The propagation of high amplitude

electrocorticogram toward an epileptic seizure onset
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Abstract: Synchronization in epileptic brain network reflects mechanisms of ictogenesis. We
analyzed ECoG of epileptic patients based on the neuronal avalanche; the pattern reflects propagation
of synchronized peaks in the cerebral cortex. We found that the branching parameter, which indicates
development of neuronal avalanche, became larger toward a seizure onset in some patients. This
result suggests that the propagation becomes more divergent toward a seizure onset.

Keywords: Epilepsy, Seizure prediction, Neuronal Avalanche, Cerebral cortex, Electrocorticogram

1. IZT®IZ

TANAVBED S B, 25%IXERIBEIEN2
WEHESNTHEY, TAPAREDOTEIZ, —o
L D CEDRIEFERRVBREICH LT, Hi-alaE
HEORRBIZORPE EHFINLTWS. BEET, T
A A DEBWTIZE oI 5 il (BEG; Electroencephalo-
gram)=° 2 E M (ECoG; Electrocorticogram) & HIfH LT,
%L DTAPARETRFEDNRRENTNSD. L
ML, BBEENEFER, BRBE~NSHATE3IEEDT
HEENE RSN ERFRTH D2 3,

ZHEMRTRIFEL, TADPAREDERIIN
TeBETDAA= AL BB LT IR LR, T
APABIEIC W B ET, BERX Y hT—212B1T
LRHRSOBNEFTIBMERZRELTNBY, =
& 2T, TANABEOHEEENER)LEHIIE =
%5 EEG 2B\ T, BIEDENIIEE DT H o FE#
BTERBEZEBHMEENTVEYD, 20X 5 RIF5IE,
BRI B E TOER, BFIET Tk, M
SEROTIBHRELL R L TWAZ L ERETS. I
D E D BRI REMETARDLZ LITLY, EkoT
HFEIVEN-FEEREBTELATEERDS.

AR T, KRB E LT, TALAR
Bl W= 5 E CHRIBEMEOGHRICER Lz, &F%
BT A FE L LT, MRIEEDE HE 5 Neuronal
avalanche)Z A L7297, HMREHOEHB|AEIT,
BRE CEMl SN 7= F ¥ %V LFP(Local Field Poten-
tia) D =7 TERSNIHETHH Y V. 1RiEH)
DERBRBITIT 2 DORERFERH B, —0i%, &
F X INMCBITD, ERLEE—7OBESHLE LT
EHELLE X, BHOKRE S s LRES s DFHB
HERT 28E DO TR & 57, ~ERIEMEE
NHERB ARV IZ2Z L THB.

D(s) < s™% (a > 0) 6}
o, ERORBEREETHE, BRBIKRL LA
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BOERRRR O FIE TR 21TV, FBIEICET 2688
DIFEFEF-. ZhETIZ, EFDLIL, 2 ADHRE
R LT, MREEOSRARELTE S, B RxLF—
B OB RSB ET AEMN H A AR E R L
78 9 ARFIETIE, ThbOMREERBSE, HE
CETAVE—REETEOD &, Sbiz, HIRERM
WO F B, Rt 2N BN 21T - 2.

2. FiE

2.1 HBE

ARFIETIE, HEEHAMETAMABRSE O RE g %
fiEfr Lie. [FRRE, BB ZHONEEF v
FNVEEENEMD S L7z, Table 1 [ZAHFEOH;
BREDF—FE2F/T. TRTOWBREIMEET A,
AMDBETHD. BEBREITT LT, TALARES

E0A 10 B 0T — & Ot 2{T o7z, ¥ 7Y v
7 AWML 400Hz TH D
Table 1: Patient characteristics

Patients | Focal point Type # of Channel
1 Left temporal tip, | SGTC 90

uncus
2 Left medial temporal | CPS 86

lobe
3 Right temporal lobe | CPS 120

- SY00 0/ /0000-0

22 HREBOEHBS

©2012 SICE

—370—



Fig. 1 KW%\%‘E@J@%}%ﬁ%E’XE%%TT Th

MAFIEE T, MEOBRFIE 30 JICRKE - TEMRE
THLS 7.
FP EF Y RUCH LT, B —7 BHIH LE.

B—27 L LT, REMEICRT2AOBRAEZHEL
T2 R OB RFIN B LIEEREZESD ZRHEL,
pn-3SD ZEEL LTEDR. —BEBEMLTIC/R->T
BUOBEM EICESE TORET, RHEVVEEZE—
7L UTHIH L7z, At ORI E 2 (time bin) TE—72
DEEZRFIZHE Lz, SHILFig. 1 TR BRI
X2z, BREMCER L TEN Y —2 0L LTE
EInr-.

@ﬁ%@@ﬁﬁﬁ%%&ﬁﬁéhﬁkbf o153
NRGA—F BN T cIIBRORBEET
%%T%D,K(Z)wiﬁwm%éhé.

_ #PeakN @)
#PeakS
#PeakS IXEMMPIAE AHE L ICBIT 2 8 —7 D
T, #PeakN (X Z DR OB ZRT B —7 O T
H5. o DEFFEHN L LY REWVWZ LIX, SHBE
BTAZL2EKRL, 1X0/hEVWZ EENETSZ
LEEKRTS.

c DELBRIEIZLIT TED I HITELTHOD
PERDBZOIZ, BIEETORRMICH LT, 304
BoOF—ZnbEEENT o DY L ORIFEREZR
Wiz, B tREEZITY, c DELBFTETHD
INERENDT-.

MEFTRE RITFEERE C Y OB FROE— 7 OO
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x: peaks of channels
At : the width of a time bin

Fig. 1: Estimation of neuronal avalanche.

Table 2: Peak extraction

Every peak | Neglect short peaks
Time bin 5 11 12
width (ms) | 10 21 22
20 31 32

23 DT RILF—

TADPBEDOMEZTET 2BEFOHEES L
T, BERCBTAMEO= X AF—25RILEY . —
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Vagus nerve stimulation induced synchrony modulation of local field potential in the cerebral cortex of rats.
Ryuji Kano*, Kenichi Usami, Takahiro Noda, Tomoyo Shiramatsu({Isoguchi)
Ryohei Kanzaki, Kensuke Kawai, Hirokazu Takahashi (Tokyo University)

Vagus nerve stimulation (VNS) is a treatment for refractory epilepsy. We densely map local field potentials in
the auditory cortex of rats, and analyzed whether and how VNS affects synchrony of the cortical activity. We
found that VNS synchronized the cortical activities in normal rats, while desynchronized in seizure model rats.
This state-dependent modulation of cortical activity by VNS suggests that VNS plays some roles in maintaining

the homeostatic properties.

F—TO— R REWRMER, KMEE, RETRBEMN ZREE Jv b TAPAREETA

(Vagus nerve stimulation, cerebral cortex, local field potential, micro electrode array, epileptic seizure model rat

1. B

HEREEE (VNS vagus nerve stimulation) &
IEn 2 FINEENESE, TADABEROFEE LTERE
£HTWD. VNS iZF 10 R Th A REMRIC, b8
AEBBEEEOY, BRIEETHIRRFETHS. To
MARIERIZ VNS 25 &, BIEORGRMFEAEIREZ
L2 5[1), VNS IR E O IRIRENCT b D% 5
ZTWBEEZBND. LHL, BFE, VNS BRMEENCED
B 52 3BT M b TRl E7-, VNS Ik
TANADEREE LTHREENTS, 15 o0 MmgeE
DOEEEVoHRbHEIRLTWS [8]. 7L, VNS
NEBMMRE R LS5 LW I BRITIE, BRI —EL
TeRRB /LN TR, FZIE, Clark ik, EEMEDOZ)
BAR LI 4], Helmstaedter, ik, FEBOE(LNEN ST
ZEHERLTWABL 25 LI ARTARERB LA TY
HERELT, v MIRITS VNS O FRIiGEL, B&FF
TIHTARWI BT bRD. 7, REREOMIEH
L, TAPARIEREDORMIEEIT, VNSBE 2 28EB0E
Ebbho TRV, ZhbEBETIZDICE, BnE
BRETNICLDEHMESLETHD.

ABFZE I ORIBIHTE L7 VNS DRI R 2 MEET 572
W, Ty FEERREEEERED Z21241) T, VNS 2
FREEENC S 2 28R 2R~ T, BEREX, 1=V
PHRETHZLT, AIE/EY L, REDFTOWRES
BEREEE Uiz, MREEOFHANCIE 10 X 10 DFEILEE

400 pm O EBBMEEHCH T AMINEET L1 2RV, [
ToAZEERES 4 BICRAL, RETESREN (local field
potential: LFP) & % mRIREHEI L 72, & 51X, ZhE Tz,
VNS REEDORINEES s B L ZRLTE .
ARFFETIE, FD L 57 VNS OZhED, MoK EKEL
T, FOXIRBITEINEEBERTS.

2. Hi&

ETOBMERIL, THREKFEMER~==2T7 V] i8]
S TITo 7z,

(2-1) KBEREOHREHOHE 6L 11E#ET A
DU 4 AF— Ty MNKE 270~330 ¢ 2fFH L. FEE
PEMEBICEEL, -2 Y INLTUKEET T
FHEU7-. FREMEENT, MARZIT 3.0~3.5%, MERmIZIE
1.5~2.0% & L7-. BETRRERE LC, 91T AR TICY R
A EBREREA L. 0%, M1 @IFT LI,
HRIBEEOSER R OMEER, T LU THEREET2MREL, B
EE B3 Z & TE (CFRIEEZE) 2HH L. BEENE
DOEFEB D, BEI/NIBEEES, FEHEBHMOE
JEZGIB L TR IR 2 FrimiicBe ¥ 7. BETEERR (R
RREAOEMR) IWER 1 mm ORE FUJLTHIT, Yoy
NEBEPERE L TCINEEESHEL L, EHNETICERE
BERALCINEZEHAEEE L. ZH SRR
th & o $% /N B 7 L A (Blackrock Microsystems,
1CS-96)(M 1)) %, 700um BEOESIZHAL-(R
1a)Gi). FEMT, 400 um BFET 96 AOFHEIEE .
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(a) (i) FEITIEL, LFP & MUA %27V > 7EWE 1 kHz &

30kHz T, = Engm&kL-.

FEHALRT, MERNRICT T 5 ARECRIRE R ML, B
REBLHMERAEHZ L. RIEEE LTh—r A —
A MERMAV, BESE, bV - XSTOVEEE, Zh

(i) Z¥, 15 msec & 5msec L. FEEOREEEI, 1.6—64
kHz OB T 18 5, FEIZ 20 — 80 dB 0% 10 dB

FR TR 7TREERTR Uz, BEE-FEEE LT, SRS

thsh slecyrote ZERSND MUA ORABOSHERD, €09 bR

BNEETRAISEONAARE, +2bbEMERE
(Characteristic Frequency; CF) %Kiz, 723, CF D

NI EREINFHEEEZEERE L L.

(2:2) VNS #& & i 1z, AERTHN
A thesiz P TR ER (Cyberonics, Texas, VNS Therapy
() Microelectorde array used in the experiment (i) whole view, system model 109) @ EE ERY. FRE i, AT
(i) Cortical mapping df'nmr’:_il activities using microcfectrode RV —=Z L bRABHENOED. HR—EEMCLEAS
0 o il s T e e %, EEHOESERECEELEL O (), /AR

TRV —FEEQOFETICERE L (G 16 G)).
(b) VNS DEBEKFNE VX1, BRBS—FFCER L TR

MHEERELRZNWE S, 2L RoTNS. -, Rk
DRFHELBIRNICEB SR 201, —HBEORIEITE
REBIRIE, B ORBMIIERMIEEREL LE. ok
5 RBRASNVATEE, BOEOKBENEHT2BMOBE
BT, ROEOREOL BB ENS. 28, BHHE,
SOV, RREEES, AIBARER, RILERE 2 RgEE T
FETED., RERTI, ~VRIER 100us KEEL, &
BB & SRR NS A —2 & LT, BREE 1.0
mA, FREEESHIZ 10Hz & Lz, Zollgkey M, —F
DRIEE 30 H, FEMEREE sSL LT, 453E, &

VIR
{4} Vagus nerve stimulation (VNS) device (Cyberonies), () (2:3) TAPARIERE DFHE
Whole view, The system consists of the gencrator and spial KEBRTIE, F—3F v b TEERE L RIERED s
electrade. (i) Magnified view of the spiral ¢lectrode, _ . . _
Totc. £F, ERBEMAYE, BEZEFIC, VNSEERL
© 0 (i) . 7. 1 EOREE 30 # & LT, VNS ##%E 5 HmEETEH 3
EHER LTz, ZDH#, 30 5DV F— L% EE, A=
VNS Generator A B n KF# (Kainic acid) & JEMEES L (12 mg /kg), AT

I TADAEREME, T/2bb, RIERERHRL-.
HA=VEIE, TVEIVEBZEEROT IR NTHY,
BHO CA3ICH A HEFNIRLBRICHE SRS, ZOKE,

Trachea Ve RERETADAEREEERBIERIT. 20kD, B4
" Ewe b S N,
Spiralclectrode | o f SO0 = VBIIREETCADADET LV ORERR L LTES R
\ N 2y (“ JIN\4Y z 1 N
(e} Implantation of VNS device. (1) Whole sdew: The generator is 7:‘?1}’![( ‘Ih 216l &%ﬂ%’ A 3_0 SIRIT VNS & 30‘?/ Fﬁﬁ?‘z’
implanted subcutaneonsly on the dorsal side of rats. (i) HEIERBTO VNS DREELHT-. Z OO S 2 —
Angtomical landoiarks of vaius nerve in i rat. Spiral dlectrodes .
ate wrapped sround the Jefl vagus nerye. (i Waveform of VNS, ZiZ10mA/10Hz & LTk,
Asymmetric biphasic current pulse with charge balance alfowed (2-4) [5EfEHT BT OB L7 LFP I X, SR
unidirectional activation of the Vagus nerve; . . . e R R
BMCBDLLT, AUV FVERRAET S, A PRI,
1 B URIC BT BRI B RE T 0 (1) , $IRIES 21
Fig.1. Animal preparation HRATRAMSES. 22T, AHETH, 9(a) ILFRT L
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(a) Extraction of non-spindle periods. (i) LFP filtered by a
passband of 8 — 18 Hz. (i) Instantaneous amplitude of
filtered LFP. Threshold was settled to identify spindle
periods.

PreVNS stimulation PostVNS
(25sec)  (3Usec) {26zec)

500uV

10sec

(b) Definition of PreVNS and PostVNS periods, which
were used to derive APLV.

2 PO LFP
Fig. 2. LFP under test

I, AV RVEOFEERHEL, BTgER T R
NERPBR S WERRICRELE. 23, AV L
DEREEFTH B 11-16Hz DAY K27 4 VF 2 h
O, eV MEBEETI SIS XY, B OBRRE
FPEHLE. 0%, A RABHEREL T RWEREDL
DIZRHSNIEFITBNT, BERBOEY & SEek
Wi, TRNHOENPLERINE ZATNRILUED L &,
BHROEERAE Y FUVEMEEDZ. [RAY Y KRR
ZAFEATEHL, 25 M EOFATRAR LY R
BEHE LTV REE, TOBMERAYY RARME Lk,
EBWAY Y RVER ORI 250 msec LT THAHE
W2, TOMOBRE DAY Rre LTAELE.
FHEOHRIEL L TAIERME (Phase Locking Value;
PLV) #HWz[8]. £, BRIy 27417,
UL MEBREIER DT ERZ OBERAIEEZ KD B, 2
F ¥ RE (chl, ch2) OBMAAMBOMNIEEE
AD = (Pn1 - Don2), FEEIEE T E95L, PIV I (UT
EFESA.

PostVNS

Normal state
HighGamma

— PLV>0.65

Epileptic state
LowBeta

BIVS06 o 0.89PLV20.9"

(a)Representative VNS-induced modulation of the cortical synchrony
in the auditory cortex. Functional network based on PLV in the

normal-state high-y band () and in the epileptic-state low-8 band (i),

(b)
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(b) Band specific APLVmesn changes by VNS in the normal state (gray

dotted line) and epileptic state (black solid line). Asterisks indicated

that APLVmean Was significantly higher or lower than zero (one-sided

t-test).
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(c) Evolution of epileptic state. Time course of PLVmean Were shown

after KA injection.

3 VNS (T & 5 PRGSO B

Fig. 3. VNS-induced modulation of neural activities
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(a) Representative spatial patterns of PLV before and after VNS. (i) Network patterns of auditory cortex explaining the length between two channels.

d represents a length between two channels shown as gray dots. (ii) Representative PLV in a normal state as a function of distances.
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(b)  Band-specific phase modulation of rats’ brain activity in a normal state and in an epileptic state: APLV was quantified as a function of
distance in the delta @), theta (ii), alpha (i), low beta (iv), high beta (v), low gamma (vi), and high gamma bands (vii). Dashed lines show

APLV in an epileptic state, while solid lines show APLV in a normal st.
statistically different (two-sided t-test; *, p<0.005).

ate. Asterisks indicate that APLV of AC-AC and APLV of nAC-AC are

4 VNS H3eDAAEZEFE & sHlLER o g 1a RS
Fig.4. VNS-induced phase modulation as a function of the distance of recording sites

PLV(chl,ch2) = “%Zei@)"“ =) @

Zo PLV #*HEREANOHEROEELEDLETRD
5. 2B, HEAORELE DT, BERENOHEA
¥ENEITBE, NX (N—1) 2 ¢2%. Zhbo PLV
DEHE, Tabb,

2 N N
PL = PLV(chl,ch2) @
e
PHREEBEEORMOBEL LTRAVWE. B2 ORT
X 91z, VNS EaT (PreVNS)E VNS E# (PostVNS) D%
25 TR T PlVmean ZEE L7z, %751, R R & HHT
INTESE PLV OFEIZIXED o7z, PLV OFEIIX
7 REEDEBITB W TITo 7= : 8, 1~4 Hz; 01, 4~8 Hz o
W, 8~13 Hz; Low-pi, 13~21 Hz High-pi#, 21~30 Hz;
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