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F1E &

1-1 AEOESLEW

ARRBARICRB W T, 1 3HID Bl s d £ TIZFH 2000 EHOEH & 10 Ll Lo
kA & 23 %5 (Paul et al. 2010), > T, BHIFZHIORKRRABR CRtE M L, EHik
BWHIEE LIcSE . B a X N ERHOBRITH R TH v | AISERF O RIE BN %
AU %, BERRBROBIERREICE Y BLE LEfeamicis T, BHER SRS
TN Zs B OB I T b O &S ST 5 (Cook et al. 2014), Bid% L 7-fEmifba
WD 34%BHFREARERICB T 2 EERHETH Y | ORI, ERRICE Y, £
DJFEEIE, FEERARFER D BERE C Xt R 1 < RIVEH 2 M © & 2 FHiEA 14 Te
W2 b, BLXOEREWE E MIBIT S FHEDRE) OMERFET N5,

MR A~OFRIWERIL, RIERARBROBIY R TR SN 258 BIEF I Z WV, i
TERIEBICHRIT 2 FRIRRER ORI 2 | £ 2F7EBI3 A & LT Qv o kA3
3 <L MANBATHED @O ESEMERME AW FEERIREME 7 LI TREL iR
THEMEEFFHET D 2 LIE, PSRRI O BISEHFIE IS5 2 REE RO WFE B D)
TIHEAMOEETH L, EERBWRRE THEATHLAK T 0 P =7 FAB&EEND
Zeh, AlEEa X R ERHOBERINRE N, Thbb, BERERICEAT T 2 RO R
REROBERE T, b N~ EMEZ THITE 2E DR in vitro i BRIEN RO HiT
WD,

PR R OBIER OWN, EWHEE TR S, BERBERIIEEEETH D
(Authier et al. 2016), FEEARRBR CRBHMESRE INT-5E, AR PIEE 2D L &
H1Z, KRBT T L CRBMENBIER I N T L E > GEICB N TH, AR
JEF THEIE T E WA R~ O R &2 R S d, o T, U — NMeawn
BIE S AL, in vivo BWRRBRICEAT I D AN, EEEEME Y 2 7 0 OERBEF 2 Tl T
X DEHIER AR D TS, BIERICEITT 2R, ALEBDNERL T LA~
DIERREDSFTRE & 22 dUT, AR AIZEBAFIC D708 5,

FEABME Y X7 OFHIIT MR Y P U — 7 OBRIFEHEFEE L Ui i b A
Th b, THHFER CTRONDERBRIIWMNOBLIEEORE L LTBHNDATHD,
BUE, B EMEORMICEB W T, in vitro Tl b —REICHEH S5 HiEix, EXIEE)
EIRIEL LT v MBEOMAZ A AT v A Th 5 (Authier et al. 2016), AT A
AT v ANIERMOEEZ A L, HEEEN Ry MU —2 2L TW5 728, in vitro
DA—)L RAHF o Z— L ENT5(Graingeret al. 2018), L22L7ZaAn 5, /Eflxn
AT A ATEFHIIHIT DD RITIMA T A AT v A 1T P AERL L B s
FHIZATO RERH Y A—T > MEPK M (Buskila et al. 2020), £7-, (F oA
YU TNTHDE, NEDOZEERLT OMO YR AR L TEB Y [FEAORE ] DR
REVTFRR: S 7R,
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E b ~OIMEEZ R TE D HEE LTHIR SN TWDS O e b iPS ML kA
MlOFIHATH L, £oe & iPS Ml v U —27 OBESIEE 21 A /L—
7y MIEHAIT 20575 L LT, FimfvhNEMmRT LA (MEA) FHARE2E B ST
W5 MEA (3, B ~E 10pm YA XD NEMRD R FIZEE S oS Z R D,
MEA BT SNTRER Y 8T — 7 OBXIGE) 2 ijash CEMEHIT 5 A7 AT
5, R RRED @\ 2 & IR IR R I O B RIS B FLE A ATRE CTh H Z & |
2 REHBIC AR R v BT — 7 O ATRE T 2 70 L ORs& AT 5, MEA OFEH
Wl < RS S OFEERIE, Thomas 512 X - T 1972 FIZ#) THA & (Thomas
Jr et al. 1972), HifE == — o 0D OFLERIX, 1979 4F & 1980 2 Z4LZ 4 Pine &
Gross BT L » TH SN 7-(Gross 1979; Pine 1980), T Dk, R AT A AZMH L
ToRiER D S Xu(Jao et al. 2014), FEEAE = o —a C OBRHNKIC L 5 H5R(Jimbo
et al. 1999; Wagenaar et al. 2005)72 & OIEEEMFIE A T2, MEA FHANE DS ITHRE A
HEHEND LD ICkoTediE, b MPS MO R L, MR FoRRIZEY .,
in vitro BREFHH OFFENE L o T Z ERRE W, IHFETIX, MEA % T 5%
DEEZ, 17— hI24 Uz bR 48 U = VED< VT T = U LRI, NA A —T
v MES ER o TEZ &b ALEWRHMIIZ A< EH SN D L9122 >TE T,

2014 I/ HEE S e b iPS fifif k=2 —r v OEXIEE 2 MEA TEHHI L TLL
*(Odawara et al. 2014), t b iPS flifafi k== — 1 > OEREFHH/L ST 332
JISEIZRET 2 WME N STV D, AFZEECMD 7V —T 6 OWgE B, 7Y 7flila T
HHT A MatA FEOHEERIZEY | MRy MU — 7 OIFE AR S, HEERY7R
REBE DRI D —>TH 52T T ARZFIZ X LRI A= M RAPFEBICRD 6D
Z LR EDUREN T E 7= (Ishii et al. 2017; Odawara et al. 2016; Odawara et al. 2014),
BRI, R OMIREENEE CTHY |, & MPSMld ki =a —a iz
BWTiE, 3.0 x 10° cells/em2 LA EDREELWZ E LN ERSTND, £,
BrainPhysMedium (Bardy et al. 2015)72 & O/AEH RS 2 FHL L 750 BASs 7 &
2k, BRAEHENRIGENRLOND ETORMNEFINL T, Zhboe b
iPS M H R = = — v o ORERSIFICE T 5 KR OREIZ LV | bk iPS Mk
= a—n  OREFHIOSMERREIZH ST/ oTE T, b b iPS Mlad k== —
a2 & AW ER S OREBZMRHIE & L CORDMADITFER AT D X9
o CERERDO—>TH D, ARREREMACAWIT LT, B b iPS Ml k=
22— Y OBELIEENENT H 2 ERFL2HE SN TE TV 5H(Amin et al. 2016;
Bradley and Strock 2019; Kreir et al. 2018; Odawara et al. 2018; Ojima and
Miyamoto 2018; Tukker et al. 2018; Yokoi et al. 2019), = ® X 9 7RI F T, & bk iPS
MlaH k=2 —w > MEA FHAREIZ X 2 EF G OB FEER EE~OBR R EE D |
HATIZ, b hiPS MG HZeta Y —v 7 4 (CSAHI) ICt b iPS flla k=

—nr O MEA FHII CRAE RN T 21T O kT — LD H A3V (Shirakawa and
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Suzuki 2020), 4 CTIXEBEMERE Y 7 % 7 H{K D The Health and
Environmental Sciences Institute (HESI) NeuTox committee (Z MEA-sub team 7%
2B B3 o7z (Roberts et al. 2021), BifE, £ < ORISR M~ 24— BEEA—7
—. TATIT. BIEBEENZH L TWD,

ik X912, B MiPSHIfEAE K= 2 —n1 > D MEA FHUIEEIC X 2 E3R G oM
TRNEORESIT T 72 H 0 AL A DE NI TENN TR 0 I GRS I 5 B RUE
B OMRMTFERIZONW T CEDRE L oo TE T, L LR D, 7 — X OBSFIE
BEE 2o b DD, T O DMHEN RIS TH D [ENATHREE o TN D,

FoWEOFPRPRIERE=a—r b MiPSHMlRBk=a—r  LEEETH D05,
2 Wonks#e LI » F U — 7 OBESKIEFEORHHE LT, ik y NUV—7 0D
LRFZNC > T T AfEG 2 L CRMIBITIEEN 2 TR S —2 Mgk BBl I D,
Z ORI =2 S FEKIZEEDSWT IR /3T A — &3 MRV A LA R 2 EER X
TA=Z Lo TS, LLRR S, A S—2 R IE KO ERER R AR A CTHt
— L7eBRHEIRHESL L TR0, fE> T A A= M REKORBIEICKFEL T, €D
B DN /ST A — ZEREIR > TODIRBUCH D, N2 T, A AA—2 R R EHEZIC
fRMT N T — APNEM SN0, BHEREICAERIR AT A= b EE->TELT | (LEW
I DT 8T A —F OBRPUIHRE BEOHEICER LN TV ORETH D, £
AR SRR M 2 AT 2 T IE ORBEE N ENAN TRDO TR Y | fRITIE DOREZL)N
WIET — 2 b EEGL OGN THNE LR T2 ETOR MRy 7 Lo TND,

Z ZTAMZE TR, b b iPS I k= = — 1 D in vitro MEA 5 — % s BRSEE D
i W EIE G O T A2 EBLT 2 MATIEORRE 2 BrY S Lz, BRI, TFER
HIZE IR LT D878 O FIEZ D A7z, MRk RS TE B O fEHTE DRI Th
Lo ETLIFZUDIC, A A= N Z BRI TE 5 5EOR¥E & BT LI HiEIC X
DR L7ZRIN—Z R KEHATT — & & LIZRIN—Z Mg AT OB %217 -7,
ABIFE O E T R AVEIETT B RIS — R M L E S & FRECRETX BRSNS
— A MEHELZBHRE L, Al BE~E BB IE D 2 & T AEE ORI IIKAFE L 20
MR EAN—Z MR Z AR 562 & Th b, ABFICL Y | FER X OEE M
DOE, A= FBE T A — & & O TR AR BT 5 Z E B AIAE
AU FiRR FIRRAEDS FTRE & 72 D, RIS, AWFSE B BYD E/E T o 5 BEHE S O R T 115
DOFAFE L LT, ZEM TS LIcREBI O RINT — 2 D 5 A% —7 1y Mg
ZHWTE AL TREDBIR 21T o7, In vitro TAXAERIEE O EXIGENZ I3 1T 2 fhT -~
T A =21, EICFEWI A= FEKIZET 28T /3T7 A —Z Th 5, BFRINIET T
A—HFEHEHLIZELTYH 100 HEEETHY , EOMHT/NT7 A —2 BREMMBMICER)
THLPOHWHREE LVIRDUICH D, 7 AF—T" 1y FEIRIZIZFEWN— 2 R KD
WBA->TND, Al ZHWD Z & TRBIAN—R FRKEZBRET 208G 722 < AN
— A FEKOFFEBRE T D LB X T, WA= FNEKOZRR LT [ —
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A LS DFE KRS — o DR RIRFICERE T Z &3 rlRe & e D, Bz, AT (3
8715 4096 T OB E 2 FH L TGO AR 2RI 5 2 & 23T & 5 (Krizhevsky
et al. 2012), FFHI/NT A —Z OEE L VO b EEIIIC SO FBEE SR [FIRFIC LB 5
Ko, UL ED L5 B lnG, 7242 —7 1 v MNEWGROBER T EEZ T2 ki
BwETHNEORRBEEZIT) 2L & Lie, ZAZ—7" 1y MNEBIX, MEEBEIOHFE TRV
FPEHTHEA SN TWD, RBIREEANIT, in vitro MEA 7 — % % FW T2 R3S O 8 25
PETHNEDH IR B KRkx IeitEatl, EIRLOFEDFMIZEATE L& &b, Caz
ROPEENIEZVEOER EER WA A=V TIETEONE T A —T Yy T —
2R 1n vivo B TG B D REEN 2RI b BB T & D BEAREIN & 72 5,

In vitro DFBRIED —fRNZREEIL, in vivo ~DIMEIETH 5, . in vitroto in
vivo extrapolation (IVIVE) & 5 SZER, HHARMICHEH SN D L 212780 | 82D
HEMENER SN TS, &#%IZ, BA%E LTz in vitro MEA 7 — % |2 X 2 58 Bk
Z in vivo ~OIMEMEZFFO TRNE~E BRI E D8O A Z1T o7, BRI
X, FAZ—7may b ALIZEETT—% & L CHZ HEERLOEEFEHR% in vivo
DIFENRE X VIRET D2 HIETH D, KEFEMETRNEICIW T, (A% TRER IR
VKRS E DN H DA, FKERBIED M 2 LETOFDRIKEENFR D biv o % w3k
MEE LTRETDZENLEEND, Tobb, KEFTIKTRD b TZEROIMNIZEE
BRICERBE SN TV D EELOMAELMENRENEICL Y FEE L, ZDOHED in vitro
MEA 7 — % 33t E LTIV L, ALIZFE &¥5 2 LT, invivo ~D &M
ZHRT D invitro IEFMETHANE~NERBRBEIEDLZEPHNTH DL, LNLARRD,
FAEFDEZ IR D Z L1, BWO—RIRBEIENOHET S Z L3 LY, £2 T,
ARG TIEL, T — & DB EE 2 T 5 FiEEE T2 & L, K
REOIZIE, T — & 0 b SRR oy g 2 R L B 2 W T I Rk &
TR D HETH Do BT — 2 0 HIERTIRIREE 2 B 1~ 5 HIEE ik o X 512,
FARFDIRREO M BENIRE Z A E L L CQRE L., invitroMEA 57— % OHEhT — ¥
ELTHATHZEZHE LTWAHA, kT — & 0 DIEFTIRIRIE A2 H2 2 D AR
Brikid, W7 — & R DI TR 21T 5 Hlik e L CHO AR REINETH 5,
ZAVE THTERAR SRR TR U T o a2 RS ) < B HH T & 28T AR AT T4 OO BR
Tbd D,
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1-2 AEHXDIERK

%1 B TIIAMEOE R & BRY, K SCOMRIT DWW TREE L7z,

%2 B TIL, BETRMRER Y MU — 7 OGN T A —2 L LT b EER
[ N— 2 D IR A BRI 28T LWFIE (4-step method) DBAFE DU TREH
L. #—M7ZeF S — 2 M KR EOBIH D212, BA%E L7 4-step method THiH
L7z N—R MK EZHETT — % & LT[R S — 2 Rk AT OBFE 3 KON R
WZOWTim Uz,

% 3 | Tl in vitroMEA 7 — % /BRI SL O g M F L ORI T 217 5
HOTAZ =Ty bEilgE AW AT OBIZEICOWT, T A ) XLk KOV REENLE
UZ7 & ERBEF TR0 08 % 3514 TRIOFRERIC OV TR L,

%4 FETIL, Iinvitro® MEA 7 —% 5 in vivo DB EHMHEY A7 # TPHRTX 5,
JEDBEWTFRFEIZT 22080 LA W Citdk Lz, BARMIZIX, in vivo TR D
AIJKDB OGN HE LR CHED in vitro ® MEA 5 — X% &8 EME L L CHREIE

%2502, In vivo I DISERDR AR TE D AlOT L TY XL ERER, BIOS

BORERLIZOW T Uz,

BHETIL, FEOE LD L, MIGE LT, BF L AEM OBEME %5 o 72 R4
DELDITHONTEH LT,
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2E 4step methods ZRALV=/\—X FRHEDERR

2-1 B

AR IC W T, VT ABEIZ L > Th DL R v N U — 27 BSEHIICIEE§
LR AN—Z FFAN R O 5, ARIEEIER LR ERN D D AEFICB W TS
NDBETHY | HEHOMBREIRIZESCRAE DS REIERB E TEIEICHED
(Johnson et al. 2011; Lubenov and Siapas 2008; Namiki et al. 2013; Spitzer 2006;
Sweatt 2016), Z O[FH/N— 2 NI KIZAEER (0 vivo) D #2272 53 IKA T A A (extra
vivo) CEFEMER v N U —7 (in vitro)lZ B\ T L BIE SN D, In vitro MEA 7 — %
NHIF OIS FHREE MR » N T — 27128 W, R/ S— R R3O HBLBERERI AL
PULDIRIED =D TH D, /A=A MIEAPBE SN DRI T, E2 M
BT T ApEE S AMPA B 7L 2 X VRS RARS NMDA L 7L 2 X s 45
BEI LT RIS — 2 S OREDHEND HILTW D, A A—Z M KO LEY
BHAIZE > TET 2%, (LEWEEDEERIEIE & 72> T % (Bader et al. 2017;
Fukushima et al. 2016; Hammond et al. 2013; Odawara et al. 2016; Takasuna et al.
2017), A/ x—2 3k (Synchronized burst firing : SBF) Of#HT/X7 A — X (21X
[N — 2 b % k% (Number of Bursts : NB) ,[A#]/3— & | %8 k 0 i f5e B [

(Duration) . [RIH#i/N—2& FNFE kL (Spikes in a Burst : SiB) ., [RI#fl/3— 2 k% k[
f@ (Inter Burst Interval: IBI) 72 & 30 fifELL B D, ZD/RXT A —F 2L L7123
BhEFE I, [ S — 2 FIE K DIEMERBIHA RN R Thd DA, IEMEZL R AT S
TV, %< OFFFTETIE, BEOBMRCTRG SN AkEDO e 2 N7 T ACEE
ZEXET D TFETHRE STV 5 (Bakkum et al. 2014; Charlesworth et al. 2015;
Chen et al. 2009; Cocatre-Zilgien and Delcomyn 1992; Gourévitch and Eggermont
2007; Hennig et al. 2011; Kaneoke and Vitek 1996; Ko et al. 2012; Legendy and
Salcman 1985; Pimashkin et al. 2011; Tokdar et al. 2010), L2»L. Z DO HETIE
BRI AN—2 MR E R T 2 2 &R TET, HIZITFRBS— }\O)iﬁ%ﬁﬁﬁ _*ﬁ
HT&72& LTH, Duration X° SiB Z IEfEICHRE T2 Z L IZNEETH D, £z, BloD
RIS — 2 Mg HEIZIZFE KME (inter spike interval : ISI) & SiB, 83X O\ 7 7 «

TEBOBIIES L FERSH D, LML, ZOTES Duration O IEMEZ R H <R
W2 LTz RIS — 2 Rk 2 KB L C NB Z 1M T2 Z I3 L < 72/ H
PR [FIH S — 2 R K AR T & 5 HIETIE R,

AETILIAEMI AN — 2 R K2 BRI FEE N BT RS — 2 FOfE% & & & 4 B

(ZHRH T & 28RS — 2 MRHEZBRE LTc, 2OHEIT 4 HDDART v 7 TETS
A4 DOBIEANERERET D Z & T IEfRFRHA—Z Mtz rlie s 425, EHI
WA \ARAE Ly, B — 2RI AN— 2 MgiE~E BB S 5%, 4-step method T
IEfEICRR M L7 S— 2 Rl a AT I8 S SR AN—2 Mt AT 2Bi% L7,

9
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2-2 Ak
2-2-1 £ ~iPSHIREHRRE -1 —0 U DEE

Human induced PSC-derived cortical neurons (XCL-1, XCell Science) % 3.0x10°
cells/cm? D% i T Polyethyleneimine (Sigma) & Laminin-511 (Nippi) % =2—7 1 >
2" L 7= 64-channel MEA chips (MED-P515A; Alpha Med Scientific) (Z ¢3.4mm O %
TRV 7 aMERH L CREEEZITo 72, #fEo 1 FFfi]# (2 Neural Maturation basal
medium (NM-001-BM100, XCell Science Inc. USA) |Z neuron maturation
supplement A  (NM-001-SA100, XCell Science) & 100U/ml @
penicillin/streptomycin (168-23191, Wako) Z I 2 7=5 & U > 74N L=, £ d
% EEICY 7 EED BRE, B53E 8 H HBARRIL, EfHiA SM 1 neuronal supplement
% /il z 7= BrainPhys Neuronal medium(STEMCELL technologies, USA)IZ (&4 L CTH%
# L7, 4% 14 H BHIZ Human iPSC-derived mature astrocytes (XCL-1 mature
astrocytes, AR-001-1V, XCell Science) % 3.0x10% cells / well D% CHEfE L 7=, L5t
KT 4 BB EICHEERBREZITS T2,

Human iPSC derived neurons (ax 0019, Axol Bioscience) % 5.0x10¢ cells/cm?2 D%
J C ready set (ax0052, Axol Bioscience) & sure bond (ax0041, Axol Bioscience) %
a—7 ¢ 7 L7z 24-well MEA plates (Comfort; Alpha Med Scientific) 2 ¢3.4mm @
NI AV T oM L TRHEEIT o7z, 15 21 H HLRRIL, 85#1%2 SM 1 neuronal
supplement %l 2 7= BrainPhys Neuronal medium(STEMCELL technologies)!(Z & #4
L CH;#E L7=, 5528 14 A B |Z Human iPSC-derived mature astrocytes (XCL-1 mature
astrocytes, AR-001-1V, XCell Science) % 3.0x10% cells / well D% CHEfE L 7=, L5Hh
RHT 4 BB EICHEERREZIT T2,

2-2-2 HERaSY RO Bk

HAIGEh OV EAFH I A2, 37 °C . CO25% DIREE T T 24-well MEA system
(Presto; Alpha Med Scientific) & 64-channel MEA system (MEDG64-Basic; Alpha
Med Scientific) % fV T 20kHz O > 7 U > 7 L— k& 100Hz D/ ~A /XA T 4 L&
TIT> 72,

2-2-3 ZEIAER

WANSENIERD SBF k& 4 27 v 7 SBF{ETRAL D0 E 9 a3+ 572012,
FEABEE I & L C Potassium channel blocker T % 4-aminopyridine (4-AP,0, 0.3,
1,3, 10, 30 uM ; 275875-1G. Sigma—Aldrich) = #5- L7z, HkDFETIL, 2 DD
% %4 120 8L W50 Hz (Vehicle, 0.1, 1, 83X 3 uM 4-AP). 60 X120

10



% 2F  4step methods Z 72/ N— & Mg HITED B %S

Hz (10 uM 4-AP). 35 B X' 10Hz (30 uM 4-AP) ([ZRRE L T/ A—R M &21T - 7=
(Kapucu et al. 2012), HIEHH K Z SR T 10 srFREEk L7z,

2-2-4 RFILFENLEE

KLY U7V E K ET 4CD 4% paraformaldehyde T 10 3B E L, & D%-
20CD A % /=)L T 10 3fEE L7z, [EE L7z 0.2% Triton X-100 T 5 5]
V¥ a2 _— k L7212, preblock buffer (0.05% Triton-X and 5% goat serum) T 1 F¢fH]
A FaX—F L7, MfRE AT D7D —RIUAE rabbit anti-b -tubulin III,
1:1000 (T2200, Sigma—Aldrich)C 24 Fff#f > F =2 X— kL, 2Dk, KUK anti-
rabbit 488 Alexa Fluor (A21206, Thermo Fisher Scientific, 1:1000 in preblock buffer)
T 1 BEfA v Fa_X—F L7, MR E2Y09 57-DI2, Hoechst 33258 (H341,
DOJINDO) 1 mg/ml T 1 FEfiA > F a2xX— 1 L7z, Y L7z¥ > 7% preblock
buffer T 2 A5 L, paraformaldehyde in phosphate-buffered saline (PBS) T 2
[l U7z, s ey g 3418 BRI (TCS SPS, Leica) CTHUS L 7=, MiRAERIZIX
Imaged software (NIH) % i F L 7=,

2-2-5 T—R R

EAESNIEE) % Presto & Mobius (Alpha Med Scientific) Z{# f L CTHEMNT L 7=,
595 D+5.30 ORI Z W CRIIINENL 2D A8 7 2 LTz, 22 CTold—2A7
A2 ) A XOERERZTH S, AP A= OBRHIZIX Fig. 2-2 12777 4-step method
A L7z, [Al/3—2 k@ Duration & [F#]/3— 2 FPNFEkEIE MATLAB % H\C
B L7z, fEROFEHIAN—2 MaliiEL LT, AN 7D X M7 T AW twor
threshold SBF detection method #fiH L7, & A 2 Z Al bin size 50 ms and
smoothing of 3 bin TER L7z, LR & FEROBMEICIZZILZ 4 800, 600 spikes/s %
L7z, 77— Z I EIMEAERERE TR L, A EEMEIL Student's t-test TITo 72,
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2-3 #8
2-3-1 hiPSC HRFEE=-21—DOVOBEREFHEKKBEEZEZAVZREN—X FRK

(SBF) #&H

64-channel MEA 7~ 7 |2 hiPSC HREE =2 —r 2558 L, BRIEE) 2 FHH
L7z, hiPSC Milaf kEE = = — 1 3358 2 #0531 T B RIGE 0 M CRlss
S, K5 5 H LS BRI N— R KBS ST, Fig. 2-1 (A) (25748 200DIV
UUERE LR E= 2 — e @ RE R () &, RECRT L9 R 7ngg
KECTHERL S LD 99V RIS — 2 b EHERCT DR KB VIR W EHIAN— 2 - 25t
115DIV (231 5 #UR 7p B RIE BN (b) 27”3, Fig. 2-1 (B) 1L EM TR
ENTAREBE oy LT AX—T 1y b (FTE) LEMEEROFKEDOE Rk
775 (R RIZHERO 2 SORIEE TR L72RIMIAS—2 Ml () 2Lz
KTHDH, ZOHEFREKEOE AT T LOVIEMRE, FRBIES X O IREME S O
Rz ZNENEYIAN—Z2 OB EK T LT 5 HETH D, BEORHITRITHFED
R S—2 N2 T 272Dz, % EREIME - 800 spikes/sec, TBREIE : 550
spikes/sec (2% iE L7z, TERIE TRAO R TR HP CTRBIAS—Z &M U7 R,
BREICTRT L2, A= FTIdAWEROBHe 2 SO A= 2 1 5
DR A= ~ & L THRIET 272 EOfRI A £z,

2-3-2 4-step method Z A L\f= SBF #&H

WERDIEKRB O A N7 T AOBMELE TIEFHO R AN—Z h LIRVFRIMIAN—2 ~ %
EMEICRHT 22 L IxTERDoTe, £ 2T, AT TR, BAMREEET 4
OORIE TR N—A M &9 5 4-step method ZBHIF L7-, BHF L7 FiElX
Fig.2-2 ITRT LI A4DDRAT v 7 TSNS, A7 > 71 5K (Inter Spike
Interval : ISI) ZHH L, ISI 2AEE Xms A FOHE, DR K& [E—D[EH/S— R
Mg D%k E LTER Lz, Fig.2-2 (A) TIE X =4 ms THRH SR N—
Z FDOBLE (RfEB LOURKHE) & T (EMBLUOERA) 27wy NLIETAF—
vy b (EB) LeRANTTA (FE) OflEZRT, 7AX—71 v hOFRSIZRS
W= NERT DK THDLZEarmd, A7 v 71Tl 26671 {HORH/S—A K
R ETe, AT v 7 2[RI S — R R EBAERT DR KA U 3Kk X spikes
ISBF Kiiii DRI NN —A M ZIERPAA—R M EEFR L, Fig.2-2 (B) 1 X=20
spikes/SBF TERINTZFPN—A 27 my LT A N T A LFER#IAN—X &
MR T 23Kk (RED) EIERIIN—Z Rk EERI NI () 27 my LT
FAF—=Ty N LTWD, A7 v 7 2 TR SN DRI/ N—2Z MM 4337 fEI2H]
sz, A7 73 [A#/3—& MMk (Inter Burst Interval : IBI) # % H L, IBI

12
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PEME X ms LLFOSE, 2 DORMIN—Z F&FE L, 2 20/3—X MEOFEKZ 1
ODRIIN—A N E L TERE LTz, Fig.2-2 (C) Tl X =4 ms THHH IR —
Z FOBhs REREB LOUREKR) LT (FMBLOERA) 272y NLIETRAF—
Zry b (BB LeXRTT A (TE) OflZRd, A7 v 7 3 THRILESND RN
— A ME 1090 HICHIIK S L7z, AT > 7 4 A S— 2 R EMERCT DR A FE L,
KD X spikes /SBF K D[R/ S— R h ZIEFMIAA—R F L EFE LT, Fig.2-2 (D)
I£ X=3000 spikes/SBF TE&ZE SN NN—A  E2 7 vy FLIzbe XA N7 T A LR
SN A N ERERT AR K (R EIERIEAIAN— R Rk ERINTR A GER) 27
By hLIETAZ =Ty FERLTND, A7 v 7 4 THRHEKNIZ 4 DOFREIINS—2 k
R ST, PEk O BIfETE (Fig. 2-1B(a)) TIXid H 23R A L7264y % | 4step method

(Fig. 2.2 D) IZEMET DRI N—Z NEZIERICHREHTE 5 Z L3 o 7=, 4step
method [X[FH]/S— 2 ~ OFFeRFH 2 EfEl SRR U, 86 L7z [FS— 2 kOl &5/
R OB IE % FIRRIZ LT,

2-3-3 fi€3ki% & 4-step method D SBF & HH#ER D L&

ek & 4-step method Z HWTHIH] L7258 W FEIEI S— R R 55 W EIHIN—Z R
RMT G D ik & Fig. 2-3 12777, Fig. 2-3A () 13BWEHIA—Z2 Db 2 R 75 A
ETAE =Ty NThbH, B AN T LORWVEEIKIT 4-step method THi M S 417218
2R L, RR & T RIZENENIERIE THRIE L7 =X FRSR L T RZ R LT
%o BRVFEHI A= MZIBIT D[R A— 2 FRF&EIERIAN—Z PO E X b7 T LD
KE— 7 3K EEDFHEITE T 6029.5+47.2Hz & 48.8+0.6Hz TH v | [AH/— A
NRFIEFERI S — 2 RRED 123.5 {5 DI KJE M E T - 72, Fig. 2-3 AIZEREL 4-
step method Tt L7=[FIHN— 2 M & R N— 2 b OFifekREE & L O, R A—2
FNFEKE E T, M S L2 R N — R R EUIAESKE & 4-step method & H 12 10 4y
Z 21 B C—E L7z, [ S— 2~ OFHeEREIIIE k1 8.83+0.09 # . 4-step method :
8.06+0.10 F> TR N — & kN NI KB K IE @ 12,215469 spikes/SBF ., 4-step
method : 12,166+70 spikes/SBF Toh > 7=, B3V \REIH S—Z ~ 04 (Fig. 2-3B) 13,
R/ S—A bEF & FERBIAN—Z PO B A R T LADRKE —7 FEKEOFEEILE
ALEI 1086.3+36.0Hz & 212.4+4.8Hz TH Y | [FHI/S— 2 NERIIFEREN— R FNRFD
5.11 5 DI KA Wz~ ULic, TEkiEE AW S—Z MiHiiE 4-step method THeHi
L7 [A#I N — 2~ OFfee s & 7] CRFE R T3 — X F 2 T & 2 B2 v C1T
o7z, TORER, Fig. 2-3 B (D BRI HS T3 54 L7, Fig. 2-3 Bb)IZ
HEkiE L 4-step method THHI L7Z R N— 2 M & RN — 2 b ORHGERTH L O
R S—2 NI KA RT, Bl SRS — 2 MUIHERE - 82 [Al, 4-step
method : 38 I TH 7=, [RW/S—R N OFrfeReIINERTE © 5.06+£0.53 F, 4-step
method : 9.02+0.39 ) TRIH]N— 2 s NFEKETHERTE - 23884279 spikes/SBF, 4-step
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method : 4634+234 spikes/SBF T& > 7z, 55> SBF #H OFERIL, kD FHiEL 4 A
T FOIETRIBIZE ST,

2-3-4 fit¥Fix & 4-step method DEFEFINEELLE
[F#IN—Z MEHEOEWR R A= N2 FREE S LI EASE ORI 2 55
BAIHRD720, 24-well MEA plates 112 15 BREE:#E L7~ & b iPS filuH Sk KEE =
2= N TCADAERKEFZET S 4-AP 2% 5 L7-BEo AREE 2500 L, BN
— A MR ERERTE & 4-step method & FUV CTR#EFT L 7=, Fig. 2-4 A I Vehicle, 4-AP
1pM., 30uM 25 LIZBED 16 BiaD T A X —T 0y bbb A 7T AEmrd, [
N—Z MU 4-AP BEIZ LY JHEERERISHEIN LTz, R AA—2 b ofsfikiix 4-
AP 1 pM THEIML., 30 uM T L7z, Fig. 2-4 B I3t K1ER X O 4-step method T
FRt U7 BRI 2R [RI S — 2 S 2 7R LT 5, ERTE & 4-step method THaH S #U72 [A]
A= FOEEITIFIZR CTH - 7223, R A=A b OFeie TR e - 72
(Fig. 2-4 Bb-c), 4-AP0.3. 1. 3 uM DRI/ N—A F OFGERFFIE 4-step method 73
PEFREID B 14 R B & ., 10, 30 uM Tl 2.3 f%, 2.5 R < it ah- (Fig.
2-4 Cb), [AHA/S— 2 hNFE kI [AA£1Z Vehicle LIS F & TRk & 4-step method
DM THER LR L o7 (Fig. 2-4 Ce). RHIAA—Z F OFGERF# I L OFKEDOH]
EARAFRR AR 2 DO FIETRHE U 27 L7 A, FrfieRefl 23 i I3 2% 4-AP @
MEIIEkE (3 uM) & 4-step method (1 uM) THr-7-,

2-3-5 4-step method /N\—R FEHZFZEE Lfz/\—X FEH AT O/FH

B3 L7= 4-step method (2K DN —2 MRHIZIIKAR E L CRIENRH 5, 4-step
method (X, 7 A% —7' 1 v F CHEMICERHRTE DRI AN—Z M EfICHRHITE 2
3, [ S — 2 b DOFEAEOHEHIHFFEE ORI D720 B — 7RIS — X MM
HIETIEE v, FEE O TR AN —X NOAMZREREZRET DH I &1, 4-step
method O A AEHENT D72 OICARAI R TH D, L L, MaFE-CHE R OE
FoT, MLZERENPHELVONBIRTH D, £ 2T, 4-step method (2 & > TIEREIZ
R L2 N—2 Mk e 7 22 —7 1y MNEtg a2 ALIZTHE S8, B—72 R —
A MRHEZARELE T 53— MRET AV E2BI% L2, Fig2-5 [ZE 7 /VOM&ENR %7~
T FEE N B CRII AN =2 MR T2 TRIZT A% —7'1 v MEBRORHE 5
— 2 NMEE AR T 2RI OBEE VLD, 22T, AEIOT T Y XATIE
Faster R-CNN E®F V&R L1z, o 7k o TAR—Z FOSEENRAR 51260, Al
IZFESEL T AZ—T vy MNEBOER E Fig2-6 (RTETITo 70, BARRYIZ
IO A NI T LEERL, A NS T ACHEE FFT 2170, R AS—2 b
KB N H =R NI EZRH Le, 7 A% —7 vy NagE S—2 NEHO 2 %
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DRFHBTHREIT L2 LT, FAF—T vy MERIZ L O DRI AA—X MEROFIG %
EBUE LT, BT VOFE B LOWGEZIE, R AS—2 MEEDORZR 54 0 7V NEIE
L7, 1536 D7 A% —Tay NligEER L7, 77—ty NOWN 75% %58 12
ML 5D D 25% %z FERFORGEI N L7,

2-3-6 4-step method & Al @ SBF #H #ER D LB

ERL L 7= T ADIBRSCTR S DN DRI NN— 2 N Z EfEICHRHTE 20 a5
T2, BRI G LT G B 270 5 118 0 T NDFT —Z T 4-
step method THH L7-[R#I/S—2 b & AL 23 L7z R N—2 b & kg L7z (Fig.
2-7), Fig. 2-7 (A) 1% 4-step method B L O 3—2 MMgHE T A0 8 H L 7= R 72 R
WINR—Z FE2/RLTWD, N—A MRHHET /LI 4-step method & [RIARIZEERH 72 <N
— A MR TETCW5, Fig. 2-7 B IZWEKHE L 4-step method T L 72 R/ R— =&
M R AN— 2 F DR 2R, BT VORI RIT A= ML 99.7%.,
Duration : 91.9% D¥5E T 4-step method DFES & —E L7z, B8 RI0B G L 72 3854

NH I DT —H T > T 4-step method & [FIEEIZ/N—R MR A[RETH - 7=,

15



% 2F  4step methods Z 72/ N— & Mg HITED B %S

2-4 BE

In vitro MEA 5 — % THE LN AFRIHIS— R Mg kDS b Bl 2 EMEIC RS T&
D8 LWREIMIAN—Z NHEEZBIR Lz, 4 DOBMEZHAT 5 2 & T, Bl orses
DV 5 I AN— R N EZ BRI T 5 Z & T 72 (Fig. 2-2), 4-step method X
FIHA S — 2 R D3 KA 2 B L. A 3— 2 FMEREOBM CREI N— 2 F 2 5EEST
D EIZHHMEN S D, Z D 4-step method (%, WFZEE D EX L 72 R N— 2 h DR
MZRET D Z & AEET, Hke LRI AN—Z F O3BERLTIWFN—Z Ot &
AlHE L L. RO IFIEIZ TR 2 BT E 25803 H 5 (Fig. 2-2D, Fig. 2-3),
FRVDE I N— 2 R ZF5% T 5 ACSF Tl A N—2 MME Frfeffff], B X OEEN D
FKENWZEI LT RO e A N7 T LAORMELE & 4-step method DOFIZH B ZEITBIZ X
otz (Fig. 2-3), 26 OfERIL, hiPSC k== —1 > OIFEI AR EH] N —
A N TR SN D56 1E. RO FIEZEH L TR AN—Z M2 ERICFHITE 5
ZEERLTWVD, RERAYIC, B CHRRE S 7z hiPSC k= = — v > OJEE)T 1355
WEHI S— R b EFEFRI S — R MNEEIDNREIET 5, B ORI D 4-step method
EWERDFEDM TR SR S— 2 ML FifeRefi], 38 KOS N2 AEITH
BENMIZEINT- (Fig. 2-3B), 4-step method TiE, R/ N—2 k&L BRORIEE %2
IEFEIZIXRIT 2 2 L AT E T, MEROBIMEE L AWT, BFEE 2l 2[R S— 2 &
DIEK OFHEkR R 2 i & U CRIEZ R E L7z OfER % Fig. 2-3B IR LTz, 2O
REMTIL, R R—2 b DOIE 4-step method T/RENTZED 2 (ELL EE o7, 4
HEE<ERET D E, R/ N—Z FDOHIL 4-step method & FIZEIZHHTE 573, FH
N— 2 MK OFRGERF IR S — 2 M NI KEIE, 4-step method T/REINLHE LY
b RIFIZD72 <720 | MR RS — R REKOBHIZTE o7z, MEA Z T
HHXARRECR IS B A 52 5 M OF WA M 2 FEiEi. RS S— 2 M I 5
RITA=HZHESNTND, D=, 4-AP30uM % 5RO, A AA—2 b
KB I WEBEE DRI A= N3G EN 556 1ERDOBEMELE TIXFEE AA—2 |k
ZIEfEIZHRITE 220y (Fig. 2-4A, B-c), 4-AP OIEFSEDOFRER I | R KIUFEM
B bisnggt (16 Ef/well) & [FAERICHERIE TIZIEMIZFEII AN — 2 IR T
TARWVAREMES IR XD, Figure2-4 C(b)3 /79 X 912, fEkIE L 4-step method T
XL R AS—Z R OFGRFH O KIEZ R T HER R > T\, 37206, T 5
[FHIN—Z Mg IR Lo T, EHISE CEHERIEEE & 72 5 Half maximal effective
concentration (EC50)<°> Half-maximal inhibitory concentration (IC50)73 & D3P~
(/8T A =2 PRI DRV SN D, B2 D [ AA—2 MR GELA M L TR
AW O INE & ik [l CHEE L7e 56 A FRINE Ol 2175 Z &1L < | 34
ST E B AR H D, TDTmd, MEA 7 —# oAb AW E i3 5 51k
& U CUARNFZE TR L 72 4-stepmethod % [ENOMFFEHE IZIA< A L TIELS Z & 23,
FEEORmWEFHMIRZHMET 2 ETHRETH L LB X D, miEiHiEI, Mk
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T TH e ha AL CEBTOIELOE RN HY . I RISl

BV — Y7 TR TR SN RICE SV TR S LD,

4-step method % M S W5 72O OREAIL, 2R L 72988 OHIBIZIKAE LT\ D
RTH D, M= b DI LRt RFRIIAFZEE ORI ARLF T D720, BJ— 72 [
IN— A MREHETIE 2V, & 2T, 4-step method (T X » TIEREIZHH L7 R S— 2
NMEE A ZRETT — % & LT, A% —7 1y MaEgREZ AW RIS —2 MR AT 2B
LT, IR E T ST E S8 2 BRI FE N — 2 b oss ka2 W CER L L
77 AE—7 vy NEgE W SICAR AL ITEOFRME S5, Z ORI/ AN—Z
BT 7L L7 S —2 b O 100% OF5EE TRt L, A S—2 b3k
DFEFGERFIE 92% DIFE TRt L7z, AL 23H L 72 [A /S — 2 b DR & 201588 5]
WL CTHELONIE LW 2o T4, Al BB LTEESOGRIELW
"REMEN B D, N— A MR AT 1X 4-step method (ZEE~, #F2EE O BRI X 2 BIiER%
EARBBEEET, MBI TE L Z 2006, KiFRRF RN 2835, KEH A —
A Mg AT Z[ENAS TR &z MEA 7 — 2235 2 & T, invitroMEA 7 —
X & W R L OUSHMFEOREN RSN b D EEZHND,
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2-5 fhim

ARETCITBEOIRE N BT A R SN— 2 R OfE % & iR %2 1E IR AT RE
7% 4-step method % BH%E L7=, In vitro MEA 7 — % /SR S— 2 MR T,
FIBO T 28, B EMICRINTELZ HFIETHDL B bND, AiRHiEIL, R
F OHNBNARAET 2 D3, FuaX N CREE OfEHTH Y 235 1 4-step method % N Thg
TR, EfMERFEIFI AN FRKORIZE DN T = _XR— 2L I, (LB
MO M L3260 L ]IfFSND, fEPMHT L THIR USSR & 72 28—y e RN
—Z MRHEE T8I, TAZ—T 1y MEGE W CE S— 2 M AL 2 B2
L7c. ARBAFEIZ. 4-step method I K 2 EfE/RRIHIS—Z MDA EB L2 &
WCEDHRTH D, Al STIEIC LD . BV Eas ORI S — 2 ME Kk a2kt —r978 )
ETHRIET 2 ZENAREE R LW 7 v b7+ —L 8 L TORBDEIFFS
%o Flo. ARWFFETHZE LR S—Z M KREIL. 1n vitro MEA 7 — % D A7
BT, WA T A AR in vivo RO T —Z I HEHFTHE TH D | CazR RO E AL
PR Z WA A=V U ZIETRG ST — 2 ICbEH R Th 5, MR 758
BAZ BT, IRIRWVILAMEZ A L. k% 7250 B O LR FE s KX OGS RAFgE~ & B T =
HHDTHD,
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A

(a) (b) Synchronized burst firing (SBF) Strong SBF
T
e F T o e
5s
B (a)
False False False False False Preferable duration of SBF
> 15 |detection  detection detection detection detection
5 F10 (Connection) (Duration) —
a2 L
o
gx
g=s1 4 | | T 1 3 0¥
3 0 il e
3 64
w Start of a SBF End of a SBF 55

(b)

— Upper threshold

4

£

— Lower threshold
— Smoothing line

M SBF (Conventional)

Figure 2-1. Synchronized burst firings (SBFs) in cultured hiPSC-derived cortical neurons on a
multi-electrode array (MEA) chip and SBF detection using the conventional threshold method.
(A-a) Immunostained image of cultured hiPSC-derived cortical neurons on an MEA chip for 6
weeks in vitro. The images show the neurons using b-tubulin III (green) and nuclei using
Hoechest 33258 (blue) immunostaining. (A-b) Raw data from extracellular recordings of
spontaneous firings, including SBFs, at the 21 electrodes picked up from 64 electrodes. Red
squares indicate an SBF and a strong SBF with a long duration. (B-a) Raster plots and the array-
wide spike detection rate (AWSDR; bin size, 50 ms) of spontaneous firings at 64 electrodes for 1
min at 115 days in vitro. Gray dotted line shows the same time with the raw data from Fig. 1Aeb.
The SBFs detected by the conventional two-threshold method are red in raster plots and orange
in AWCDRs. The upper and lower thresholds were set to detect the duration of SBFs described by
the orange arrow. Black arrows indicate false detection of SBFs. (B-b) Magnified image of the
start and end of SBF's in red and blue arrows in Fig. 1Bea. The start and end of an SBF were
determined by the intersection of the threshold and smoothing line (bin size, 3).
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A Step 1 If the inter-spike interval was within X ms, these spikes were defined to
the same SBF — StartofaSBF — End of a SBF
= S
o . o K P - ., . Lt R . . —
E ‘.‘. '.' ~. ';‘ " ‘T : -t . ) .‘:' ‘e . _.:_. . - 0 ".'.
‘E o o . . |[l | . '.-'l : “‘H' "'
w1 - -
- 6 ms 20ms
2 —c A Startof a SBF A End of a SBF
ST 0 1.' - ot . _"_‘
g = | | ——— . ————————— L © s
= -~ 5 sec
B Step 2 If the maximum of the spikes in a SBF was under X spikes/SBF,
these data sets were eliminated from the SBF.
x ZUsplkesfSBF ‘ — Eliminated SBF
8 64 N a’ e A LT e - . *x! o ... "
o© e - ey et et o .
o H . . : S ",:-‘--.' . * ":._ DT
w1
185p|kes 20ms
g _s
SN
£$To
3 it it 10 1 i T | B | A M i i i 1} 1 Rt
= -—G—- 5sec
C Step 3 If the inter-SBF interval was under X ms, these SBFs were combined.
o ] . . “s Tore oS . - - .
2 . - et = 2 S -
3 s s s | . H . ’ K
g ) . .
w1 7ms < T10ms g s Some
g 5
£ To
2 3 : ki MK JANGEN  OWA LTRIHC K O ARAEI #
E *-G- Ssec
D Step 4 If the spikesin a SBF was over X spikes/SBF, SBFs were determined.
‘ X= 3(]0[]sp|kes[SBF |
8 :
g
w
oy
c
L F]
=
o
b

=

5 sec

Figure 2-2. 4-step SBF detection method. (A) The step 1 parameter and a sample magnified raster
plot and AWSDR for 300 ms. Red and blue lines show the start and end of an SBF at X =4 ms.
Red dots indicate the spikes in an SBF. Red and blue triangles show the start and end of an SBF
in AWSDR for 1 min. (B) The step 2 parameter and a sample raster plot and AWSDR in the same
time scale as step 1. Green lines show the eliminated SBFs at 20 spikes/SBF. (C) The step 3
parameter and the raster plot and AWSDR combining SBFs at X = 60 ms. Time scale is the same
as in steps 1 and 2. (D) The step 3parameter and the raster plot for 1 min and the AWSDR for
which the SBF was determined. The final 4 SBFs areindicated by red in the raster plot and
orange in the AWSDR.
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>
o
o

M SBF ( 4-step ) c w
- c —_
E . 6 - £ ,_u‘i-’,ls * a 10 NS
g a- 2 20- o o
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Figure 2-3. Difference in SBF detection between the conventional and 4-step methods. (A) SBF
detection in the case of a firing pattern with strong SBFs. Spontaneous firings were recorded
under ACSF conditions in cultured Xcell hiPSC neurons at 8 weeks in vitro. (a) The AWSDR and
raster plots with strong SBFs. The red histogram shows the SBF detected by the 4-step method.
Red and blue circles show the start and end, respectively, of an SBF using the conventional
method. (b) The number of SBFs/10 min, duration, and number of spikes in an SBF analyzed by
the conventional and 4-step methods. (B) SBF detection in the case of a firing pattern with a low
ratio of SBFs. Spontaneous firings were recorded under medium conditions at 8 weeks in vitro. (a)
The AWSDRs, raster plots showing a firing pattern typical for a low ratio of SBFs, and the SBF's
detected by the conventional and 4-step methods. F indicates a false detection by the conventional
method. (b) Analyzed SBFs by both methods. *p < 0.05; **p < 0.01.
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Figure 2-4. Comparison of SBF analyses of epileptiform activities induced by 4-AP using

conventional and the 4-step SBF detection methods. (A) Raster plots and AWSDR at 16 electrodes

for 5 min without and with 4-AP administration (1 and 30 mM). (B) Typical SBF detection using
conventional and 4-step methods without and with 4-AP administration (1 and 30 mM). The red

histogram shows the SBF detected by the 4-step method. Red and blue circles show the start and

end, respectively, of an SBF using the conventional method. The lower graph shows the raster
plots at 16 electrodes for 20 s. (C) Comparison of SBF analysis between conventional and 4-step
method. (a) Number of SBFs/10 min. (b) Duration of an SBF. (c) Number of spikes in an SBF.
Black bar, conventional detection method; red bar, 4-step detection method (*p < 0.01).
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Fig. 2-5. Schematic of the burst detection algorithm
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Figure 2-6. Raster plot image normalization using burst firing period. (A) Raster plots at 16
electrodes for 100 sec. (a) low burst frequency data. (b) high burst frequency data. (B) (a) AWSDR
at low burst frequency data . (b) Fast Furier transform spectrum of (a). red dot indicate maximum
power. (C) Raster plot after normalization using burst firing period. (a) low burst frequency data.
(b) high burst frequency data.
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Figure 2-7. Difference in SBF detection between the 4-step method and burst detection model. (A)
Raster plots at 16 electrodes for 30 sec and Typical SBF detection using (a) 4-step methods and
(b) burst detection model. The blue area shows the SBF detected. The red area shows the SBF
detected by burst detection model. (B) Comparison of SBF analysis between the 4-step method
and burst detection model. (a) Number of SBFs/10 min. (b) Duration of an SBF. Black bar, 4-step
detection method; red bar, burst detection model.
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F3FE Al zAV-mEEHOEM - EFRAFAEORE

3-1 FFif

% 2 BT, in vitro MEA 7 — X O EE/R @A /8T A — X L 7p B EIHIN— A R F K
T D FEIZHOW TRz, RETIE, AMFEOFETH D in vitro MEA 7 — 4
25 EIEG O X O 2 T3 2 BT MmE I S\ TR~ %, In vitro
MEA 7 —Z 281 5 EF MO FEEMR AL, U — MEEWPARE INZREETO
RPN ROHIFF SN TS, EEEN Y 27 DEVERLEM Z YR 5 Z L 132050
& HREEED DY — MESDIRMAT T IZHIFRF ST\ D, Fo, fEHEF 2 T3
TEIUL, BEORL O FEABFIC SO IZIBRLA 0, (ERBFICESE . aw
DEMZZILSEDH Z LT, EERLRN O, BEEZ D S8 LGB "THE
2%,

TR, B N iPS MilaH k= = — v >3 L O Rodent Ol 2 L CREAE ML &
WD IE & B U T2 5e U ST 4 (Bradley et al. 2018; Fan et al. 2019; Kreir
etal. 2018), L2 L7 6, EAEFMEZ M T 2 2 OMTIER L OWNT /ST A — 2134
SHESE LT\, FRIT, TERBET O 570 5 KB 5L S I X LD e HE S A 2 fgdfr X
T A=A NERI D 2 LA STV 5 (Bradley et al. 2018; Kreir et al. 2018; Tukker
etal. 2020), ¥ 72bb, BEHREIIT, KR TADLARRIEE (SLE) THh 5 FLN
— A N OECRFEKEL R E O BMILIRMT T A — Z TET TIEARF53 T B O3 T A
— & & AN T2 B BATORTRBENT N T A — X ORI N VLEIRBUCH D, 2 ETH L
e X oIz, REFIN—Z M KOBRTENEE > TRV L b H 0 | KEEMERTOZ%
DFFNTIENRIESL T 2 808, ENANCTHEOBBE L 72> THB Y | EimOxtg L 7> T
W5,

MEA 7= 66N D M AN—2 FEKIZET 28T A—2  BILORHIN
— A REKLNO/RT A —=Z T ARy N — I EB)ORFRINT —F % T A% —T 1
>y MELTHRIET 2 HER K TH D, T7hbb, A% =71y MERICHRLR >
N — 7 IEB DR RINOFHEN A > TWD EFRDH T LD BUFHIINTHT N T A —4
EEMT20OTIE RS, FAZ =T 1y NEBRZD GO ZEMTE T2 2 & ICH R
ERENTHD LB 2T, A LT DT /N T A — 25 L 0 H@ENIc S 0G
WMAERRHIHET D2 &N TE D, T EIC XD EEOMRIIT in vivo BB D3
TE#& T O Hi(Shoeb et al. 2011)X° Rat G A T A A LFP H#F M5 & Mg a8k 510
Z Mz SLE Ohl(Gao et al. 201723 8E SN TWDHR, FAX =Ty Faz v
To T TS STV, RETIE, & b iPS Ml sk E =2 —w 2 A
T, 13 FEOKREGH G & 2 FMEORM LAY O MEA 7 —2 G L, 7 A%
—7'vy MEGOBETEIC LD iEENE Y X7 2T 5 AL 3B X OER T
& RIRDOER G W E R o3 A4 T AT 2 BH% L7,
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3-2 ik
3-2-1 £ MiPSHfARERE =1 —0O U DIEE

Human induced PSC-derived cortical neurons (XCL-1, XCell Science) % 3.0x10°
cells/cm? D% i T Polyethyleneimine (Sigma) & Laminin-511 (Nippi) % =2—7 1 >
7" L7- 24-well MEA plates (Comfort; Alpha Med Scientific) (2 @3.4mm OH 7 AV >
7 EAEH U TR ZAT - 72, #EFEO 1 K14 |2 Neural Maturation basal medium (NM-
001-BM100, XCell Science) (Z neuron maturation supplement A (NM-001-SA100,
XCell Science) & 100U/ml @ penicillin/streptomycin (168-23191, Wako) Z /Il 2. 7=
Betza V) o 7NN LT, 0%, EEIZY 720 bRz, H5EE 8 H H BARRIL,
¥ # % SM 1 neuronal supplement % /Il % 7= BrainPhys Neuronal
medium(STEMCELL technologies)(Z & # L CHs#s L 7=, 55# 14 H B{Z Human iPSC-
derived mature astrocytes (XCL-1 mature astrocytes, AR-001-1V, XCell Science) %
3.0x104 cells / well D FECTHRERL L7, REHIASHUT 4 BB S PEERH AT T2,

3-2-2 HAREs O

24-well MEA system (Presto; Alpha Med Scientific) Z i T 37°C . CO25% DB
BE FCHIRIEE & 5ek Lz, 20kHz O 7 U > 7 L— KT 100Hz D/~NA /RA T 4 )L
4 Ze A BB A Fidk L 72,

3-2-3 FIHGER

E:2% 14 WL E N iPS B R E = o — 0 VTS A I 572012 13 fifE
DEFGMHE G L 2 BEORMEEYE BEEKS Lo, KBRS WIZIX
Potassium channel blocker T# % 4-aminopyridine (4-AP, 1, 10, 30, 60 uM ; 275875-
1G. Sigma—Aldrich) & GABAA receptor antagonist T& % Picrotoxin (0.1, 0.3, 1,
3, 10uM ; P1675-1G . Sigma—Aldrich), 1,5-pentamethylene-tetrazole (PTZ,
1,10,100,1000uM; P0046, Tokyo Chemical Industry Co), Sodium channel blocker T
& % Carbamazepine (1,3,10,30,100 uM ; C4024-1G. Sigma—Aldrich), Muscarinic ACh
receptor agonist CT& % Pilocarpine (0.3, 1, 3, 10, 30, 100 uM ; P6503-5G. Sigma—
Aldrich) , A4 A FERERB IR/ Lo 27 ) UBL Ot b= FHE Y AR
EITH D Tramadol (0.3, 1, 3, 10, 30, 100 pM ; 42965-1G, Sigma-Aldrich), &= k
=V IARLESTH 5 Paroxetine (0.3,1,3,10,30 uM ; PHR1804, Sigma—Aldrich) ,
N X7V rBL0tEr b= FHRYIAAZBEERHR TH S Venlafaxine
(0.3,1,3,10,30 pM ; PHR1736-1G), /Lt x 7V o BLO0te b= FHRV A&
FRB IO R — IV ZREROERTH S Amoxapine (1,3,10,30,100 uM ; A129-
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100MG . Sigma—Aldrich), adenosine receptor antagonists T & % Theophylline
(1,3,10,30,100 uM ; T1633-50G. Sigma—Aldrich), Kainic acid (0.1,0.3,1,3,10 uM ;
K0250-10MG. Sigma—Aldrich), N-Methyl-D-aspartic acid (NMDA,0.1,0.3,1,3,10 pM;
M3262-25MG. Sigma—Aldrich), a482 =2 F M7 v F L a ) UZRIKMEFHIK TH 5
Varenicline (0.3,1,3,10,30 uM ; PZ0004-5MG. Sigma—Aldrich) Zff/H L7-, &t
e LT, MEAGERAI TH D Acetaminophen (1,3,10,30,100 pM ; A7085-100G .
Sigma—Aldrich), &I DT EH %5 DMSO (0.1%,0.2%,0.3%,0.4%,0.5%,0.6% ; D2650-
5X10ML, Sigma-Aldrich) M L7z, HmARE DAL 0.1%00 DMSO #RE & 725
LI U=, (L&D BiE&R 5 ORI vehicle control & LT, DMSO 0.1%% 3%
TO well 1T G- L BRIEE 2 4502 T 10 /rfiték L7z (n>=3 ),

3-2-4 /N\—R R

BRAEH T M)IEE) % Presto (Alpha Med Scientific) & MATLAB % 1 LU CH##T L 7=,
&5 D+5.30 DEEZ AW THIBASNEN 22D AR 7 i LTz, 22 Told—2R7
A2 ) A ROEHRFZETH S, FI/S—2 FF ki 4-step method Z W THH L7-,

3-2-5 HRETERAT

IN— A MEFNTIZ KO RE SN2 RT A= N LEERIELZIRIET 572012, one-way
ANOVA followed by Dunnett's test %\ CTHIEE & vehicle BOFAEZEZ R LT,
INTA—BIHBENRON I IRE A EENE S L TRE LT,
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3-3 #R

3-3-1 £ +iPSHIfSHEHERY FT—0 DERILE

MEA EICHEFE L7t b iPS MifdEkfE R > h U — 2713, 5538 12 HH CHEET
D E KRS, WA 6 B LIRRIC RIS — = T\%’tﬁk#%ﬁ%‘%éﬂf:o Fig. 3-1A(a)
(2357 81DIV OAAHZE I, Fig. 3-1 A (b) (T2 RIS — 2 MR 2”4, Al
L7cbLEBEZ BN D13 14 0 B LIRS G (LG 13 FiE & 2 e 3 FEO
BIKE T — 2 2 WG Lc, BONEBICEELZ G &, AL 7L, 7 A% —
Ty FEfER Uz, Fig. 3-1 (o) ICH-EMOEIE L 2 7o HoRE (-
) LB ENTANS 7 DT 2F—TFay b (FH) Z7~d, Fig. 3-1 BI3EMKF

H727% 4-AP, Carbamazepine, NMDA, PTZ. Acetaminophen. DMSO ® H &1k
fFH72 7 A2 —7 vy NEgZRT, I (LA TH S Acetaminophen & DMSO |
BRE R AT 72 < B L AT E IR 2 L IC R 52 kAR LTz (Fig. 3-1B), Fig.
3-1(C) 172Xy hinbEBENT 5 SO /3F A — 4 Total spikes (TS) .
No. of network burst (NoB), Inter Burst Interval (IBI), Duration of Burst (DoB),
Spikes in a network burst (SiB) ) DO#EX[XTH 5, Fig. 3-2 i% Vehicle % 100% & L
TeRE DN T A= DIERNEE 2T AT — 2 1L 7Y A2 F 1IZE#H LTz, 4AP,
PTZ 1321271 NoB 23k 321.0415.4% (30 uM) . 147.3+2.7% (10 uM) OHIANAS
205 B, IBL, DoB. SiB OJb 78 4-AP 1% 1uM 7> 5. PTZ i3 1uM 75385 B,
PTX (% DoB D723 0.3 uM 225788 5417z, Carbamazepine (% 30 uM 75 TS,
NoB 23§/ L., 100uM T, DoB @/ & IBI O#EINAF8S 417, Pilocarpine %
10uM 7> 5 IBI 23480, 30uM 725 DoB 2384, 100uM T TS 23> L 7z, Kainic acid
12.0.3 uM T TS 7334 L. 1uM 75 NoB 2314 L7-, NMDA I 1uM TS 7% |- 5
L. 10 uM T TS, DoB. SiB 23§/ L. NoB 2351 L 7=, Tramadol (% 3uM 7>& NoB
2B/ L. SiB 2300, 30uM 225 TS, DoB. SiB 238/ L. 100uM T IBI 238400 L
72 Theophylline (% 10uM 7> 5 IBI 2388011, 30uM 7>5 SiB 2548/ L. NoB 238/ L
7z, Paroxetine (% 0.3uM 7> 5 Duration 238/ L, 1uM 72 & TS 23084 L 7, Varenicline
I%. 30uM T IBI 25#/0 L . Duration 23/ L 7=, Venlafaxine (% 10uM 7> % Duration
753‘7}32’}\ 30uM T TS, SiB 2 L=, Acetaminophen I 3uM 7>5 Duration O/

SR BiLTc, DMSO 1337 A —% OZEALITFE O bil7edr> 72, Amoxapine |Z/37 A
— 2 OERITERD biiero 7o (Fig. 3-2), UL EORIR LV | &G A TS
H/87 A—=2 3@ TR AEAFEICR R > TWD Z e nbhrole, —F, &tk
{bEWToH D Acetaminophen (ZFV T H Duration D/3T7 A —& THEZENRE S
72 Duration D/N7 A —Z | IRFEDGELAEMITIHB N THEL L TW e, > T, 1F
FEE T D 872 DB G LA & 2t b ez sl T 2 2 & TE 243 5 H—
TA=BERETDHZEIIRETHD Z N ol
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3-3-2 ZR4—7J0y FEGERAW - Al OERER DR A2 OFHE

TERBE T D 57 5 KRG AL G W) & 2 b S DINE Z dBET 272012, T A X —T
7y NEGEZE L AT Z2ER L=, i L7- Spike OFRERSIT —FInbH 7 A4 —
oy A ERL L K 5RO Inter Maximum Frequency Interval IMFD @ 4 %
DORFMETHE L-mBE2ER- Lz, Well 12X > TR—X MAENR/2 D 28 S
N7 2% —7my MNERIT well IZX > THED RS, RIS, BBILITAZ—T
7 b EG 2 WIRTRERE T L Td 5 Alexnet (2 A ) L. 21 J& B @ FullyConnected layer
MO D 4096 IRTTD /3T A —F ZEBROFHEE L LTl Lo, ®&%ic, &v
= /L Vehicle # G-Hf DR E DO VFIYE T, FHEANOFEEZ ER(LT 2 Z LT, A1
WREDIENZ L D Well 22D R IEL K STz, KEGHLEY & B2 LG O 2 5
Fa THT 2FETHET VT 4096 =2 — a2 VD ASIEE 9T 7EA R=a—mr 0D
Hidden Jg & 2 DO5 T2 FFoH I TR S Io " Z — B ==2—T x> T
— 7 &2 L7z (Fig. 3-3A), E7 VOFE B L OGRS, 1EAET & S—2 MHE
DIENRRD 4 DOKERHMEAAY (4APB0,60 uM, n=3well)
Carbamazepine(100 uM, n=3well). NMDA (3,10 uM, n=3well) . PTZ(1000 uM,
n=3well)). &EiEEEMELEY L LT Acetaminophen DEJEE (n=3well) & DMSO ®
EREO=3wel)OT —¥ty N L, T—%tEy FON T5%EFEITHEAL,
D O 25% % FEFEOGEE(Validation T Lz, FEHZICKRTH well D7 A X —
oy Mg EMFEHA L CEEZFHM LU, 8T —ZI12iX. 4-AP 220 .
Carbamazepine 411 #. NMDA 882 £z, PTZ 99 . Acetaminophen & DMSO i+ X
WY Vehicle 1% 6742 Ko L, MREET — Z 1Z1% 4-AP 74 #, Carbamazepine 127 K,
NMDA294 ¥, PTZ27 ¥z, Acetaminophen & DMSO 35 & O Vehicle 1% 2242 ¥ffif L
Iz FET —F LWGET — ¥ OFRIGIE L RBEEIED 2 SHHIT OV TDa 7 —U g
v~ M) 7 2R LT (Fig. 3-3B), RICEFET—& L 2RGET —F £ D
ROC (Receiver Operating Characteristic) Hift & AUC (Area Under the Curve) %
R L R E R A2 E LT (Fig. 3-3C), HaEBIERIZHIT 2ET VO THIKESRN G,
Accuracy, Positive predictive value, Sensitivitiy, Specificity, F-measure ZHiH L
72(Tablel), 7 AX¥—7 v v NEBROFHEEEZFH LI-ET VO, FET—2IZBIT5
AUC 1% 0.9998, KF=EFT—4% D AUC 1 0.9967 %/~ LFE T — X 2B B icimahfE
MUE 0158 Th 7o, MIEIER TOREFEDOTFE T — 2 IZ861T 2 0B EIE, 4-AP
1% 100%. Carbamazepine 97.8%. NMDA 99.6%. PTZ 96.0% C®H V. RFET
— X TBT DB E L. 4-AP 13 100%., Carbamazepine 91.5%. NMDA 100%.
PTZ 94.4% CToh-olz, TRTOFEANTENT 90%L EOFHREEZ R LT, fERL
eI AL —7 vy NEBZETE UTR D 3 5rHE ALIZERBET O R 72 2 538 51 LA
W) & REMEAL B O IE % EREIZ S0 BE L 72,
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3-3-3Al IZ & S HAEREFEMNLTELSEDHE

EE G OFERE Y 2 7 ISV BARIE A OBNENL 2 D 5 Z E R TE UL, 2hE
)7 BIZEBR S N BT 5, BLIANL 2 D) 272 121T, HEERFEEZH LN TH 2 &
MUETH D, ZZTiE, ERLZA T ZHWT, B - BarEEE o HEEFE 2R~
oo AIRTRLESEHET — ¥ OFMEMEL Fig. 3-4 IR LTz, & well DR RFT —
HANZDUNT, G &SRR S L2 B O OB & 2 HH L, well D
ez HEmICEEY X7 & LTRH L., REET 7 IZBW T, 50%LL EofER
TR Y Ry LHELEHEIEL, ZRE, 4-AP : 1uM(62.2%), 10uM(94.6%),
30uM(100%), 60uM(100%), Carbamazepine : 30uM(76.9%), 100uM(85.0%), NMDA :
1uM(63.3%), 3uM(100%), 10uM(100%), PTZ : 1uM(51. 9%) 10pM(81.5%),
100uM(88.9%), 1000uM(88.9%) T > 7= (Fig. 3-4(a),(b) ,(d) ,(e)), & SH7-EE X
DHIRRE CEEY 27 2 x L, HEEKFEIBRILINT, BEEEHTH D
Acetaminophen (T EIZ X 57 97.9%LL LR Tt & fE <4, DMSO & &I
£ 57 99.1%LL Lo TRatE L HE Sz (Fig. 3-4(0) (D), fERLL &Y 27§
B AT SRR L S &  ERTRCEE S HE L, B EEmE AEIC L D@k
EHIE LT,

3-3-4 Al IC K A RFEBERDEESMHHITE

FRL7CAL D, FELEZ EDRRWEROBELZ R TEL2ZENEETHDL, £
Z T ER L 72 AT ISR HEE G LA (9 3EA) OF — % 23 MiE <872, Fig.3-

HREFFEHRAN DAY BE DY ERE R 2 R~ 50% LA EORESR TREME Y 2 7 L E L

E XN, Kainic acid : 1uM(81.8%), 3uM(100%), 10uM(100%), Paroxetine :
3uM(73.7%), 10uM(100%). 30uM(100%). Picrotoxin : 0.1uM(91.4%). 0.3uM(93.7%).
1uM(91.8%). 3uM(97.8%). 10uM(91.5%). Varenicline : 10uM(52.6%). 30uM(77.1%).
Pilocarpine : 1uM(62.3%). 3uM(75.8%). 10uM(86.8%). 30uM(89.4%). 100uM(97.0%).
Tramadol : 3uM(61.9%), 10uM(88.6%). 30uM(98.9%). 100uM(100%). Venlafaxine :
10uM(90.5%). 30uM(100%), 100uM(100%) T -7z, RFEBHEANZBNTH 7T/LEW
%, AR\ ) 27/ LHE LT (Fig.3-5(a)-(d), O-(h), —7. Amoxapine
& Theophylline X3 TORE TRatE L HE ST (Fig.3-5(e),d), RFH KA
WThH, EEREZHEEKGICRETE D Z ERbroT,

3-3-5 Al 12 & HEH|& TR

I DIERET 2 b ORAE LAY Z IS BE OEWINS T 5 Z L3 TEUT R
HEEEA DR Y 2 7 OVERERF 2 T 5 2 &75)??”5 Do TI T, TEREFF DR DIE
ST LA B X ORI EEWZ DT 572027 A2 —7 1y Mg L SEHI4 2 AL
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(ZFE ST,

FABGIE L G W) & AR RV L B W O FEAIL THIE T VIZI34096fH D =2 —r %
DANBEI0D Y 7 EA R=a—n 2 b ORNE L 14O T2 Fo 8
THER S NTe Y — Bk =2 —TF Ry NI —=J 2 LIz, 7 VOFHE T4
AP(30,60 uM). Amoxapine(100 uM). Carbamazepine(30,100 uM). Kainic acid(1,3,10
pM), NMDA(3,10 pM), PTZ(1000 uM), Paroxetine(3,10,30 pM). Picrotoxin(1,3,10
pM). Pilocarpine(10,30,100 uM). Theophylline(100 pM), Tramadol(30,100 pM),
Varenicline(30 uM) . Venlafaxine(10,30,100 pM) & && # 2 b &% & L C
Acetaminophen D 2JEE L DMSODERIEDT — Xty bR L, AL, &
T =4ty MIS6Dwell TR S L7z, FEO IEHIL, s6wellOH 76 1 DDwell %
Br& . 55wellO3HI4 &5 S8z, 5bwellDT — 4t v FDOWNTE% & FH AL,
5% 0 D25% % FEIEOMEE(Validation lZfEH L7z, BRUVE 1 DOwellZ i f& )72 €7
JVOREERGEICER Uz, R L7ZA TIX, Bz 1 2Owellloxt L T5EIFER L 72,
T2 h, 56x5=280fHDA 1 Z/F L7, 1 >OWelld7—% (A1 DFEFRITHA L
o tziwellDFT —4) &, AFR L= 5 20T T VA AW CTIERALHEEITV, TD
EEIE A R U7z, Table3-21C AN DR EMH O TRIERZ T, RBELEMTHD
DMSO. Acetaminophen® & & & £ 3A| D Vehicleld 4 TRtk & f)E S, Fat
i =2£1399.9+0.3% ToH > 7=, 4-AP (1uM) . Amoxapine (3uM) . NMDA (1uM) .
Picrotoxin (0.1uM) . Pilocarpine (1uM) . PTZ (10uM) . Theophylline (3uM) .
Varenicline (10pM) . Venlafaxine (3uM) . Tramadol (10uM) X5 L7z X
D HAKIRE CHA4 % 1E L < HE S iLiz, Carbamazepine(30uM), Kainic acid(1uM),
Paroxetine(BuM)IE 58 L7 iR CTHAIL 2 E L HIE SN, AL ZE L HES
RIS T REIT R TR L EY & HIE S, B2 D2AAL ITHESIND Z &1 2ho
Too 8 UTCIREEITIT 2 235 O 5 TR EE1399.940.1% T > 7o, 1R L 72 355
4 THATZ 13T O LG OINE & AL G O IE 2 EREZRRA L7z,
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3-4 BE

AR GPEL B & H T2 In vitro BRIR D SATIF R DOFE R & AR TG L7 — & IT
BT DUWRDIHT /T A =5 2 NI AER, AL IZ X258 HME Y 2 7 HEORER., Al
2 L DAL TRIOREREZ T 5, FFl. 4207 =2 %% LK% Table3-3 IZ
s~9 (Bradley et al. 2018; Bragin et al. 1999; Erken et al. 2014; Fujimoto et al. 2015;
Gao et al. 2017; Liu et al. 2006; Ma et al. 2013; Santos Junior et al. 2002; Tukker et
al. 2018), WEKIETH 2RI A— X FBEAREAT ST A —Z TV THEEN RSN
g, ALIZLE>TY RZHESNTEHE, ALICE > TEAL D TR S HEEZRRE L
oo ARBFFETHEAG L7z MEA 7 — X228\ C, ERIE TR LI 7 A—2TU X
ZHIE LToRER & AT ST L 7R R & el 9% & . Theophylline & Acetaminophen
PIAME, I ZIT AR OB TRAE Y 2 7 24 E LTz, ZORERIT, RBIZETHIE LT A
Z—7ny MNEg AL L, ERIETHONDNT A—FOREZDR LB TND
EER D, WERD/INT A —Z M CIIFEANEIZENT DT A—=FRES DT, DN
FA=RIZEB L CESEZBRETNVIEEVONPRATH T, D> THELT H /3T A
—ZEHWTEEEHET VUL, 7B N7 7= OfRO LS, BEEmE Y
A 7HE FEEMEEE) LTLEI, LoLaent, AU CRZ L7 AT X, BEYtb
EW)TH D Acetaminophen # &= TOHE TR Y X772 L EHE LT, AA T FHIE
%, KRR Y R ORBARZ D ZLEICL o T, BB EAERWHETH L EER D,
Theophylline O{A T A A TOIREIIARER LY &EECTH L 300uM CTHEAEY 2 -
DRESNTNDZ Enn, Al PEEY 27 LHE Lo TefERIIZ Y Th 5D, 1€
KDOFENTIEZ X DFERIL, 3uM TR Y 27 24E LTV, O REMED E U,
AFERND R Y 27 FHNA T IX, 7ERDO MEA fRATIEIZEL A B DA 2 8%
WMTELHETLDDLEEZOND, o, AL 3@ Y A7 2R CRNT 2%, H
BRI IIT DI Y 27 ONAMAfTT 2179 2 & TE S, FlxiX, Er b
= OFIRY AR FIER % R o 554 Venlafaxine, Tramadol, Paroxetine
O A ‘EIuM B 2 EME U X 7 X Paroxetine (73.7%), Tramadol (61.9%), Venlafaxine
(43.3%)DINAIZNANLAS T 4% Z LN TE %5, KHEY X7 BN TND I 5 3{EEY
DEFRIZE T HHELEWIHIH &%, Paroxetine : 20 mg, Tramadol : 25 mg, Venlafaxine :
37.5mg ThV K HIEHWIHE)G Y X7 ZEL-51F 79 % & Paroxetine | Tramadol,
Venlafaxine DIEE 725, Z OFERIE, AT IZ X 5 U X7 ONELLAHT & HELEH EDNAS A
—HLTWDHZEERLTWD, £72. 3{LEWDORABIEIZI T HIEMERHY & &l
RN DY) e UL & (the total amount of drug absorbed by the body) 9 72#>% area
under the blood concentration-time curve IX, Paroxetine:81.31 ng*h/ml, Tramadol:
970 ng*h/ml, Venlafaxine : 1522 ng*h/ml TH V| FEWRWINEIZB W TH U 27 DJE
FFT T ERBRDNIES I T -T2, T70b b, Al ICL 258 Y X7 ONEAAHITIX, BRKRT
— A ERMT HRERE S5 TEBY . B O THINAEETH D AIHEMEZ " LT 5,
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AL TR AT IZBWT, EALZTPRILZHEIL, BV A7 2HE LR L Z
R T o7, ZHuX, KEGHEEEME LTY X7 2E U 5 HEICT, 1EREF
I D IEABNOISENHEZICHND Z AR L TWD, o, BEHESNR o7
Amoxapine & Theophylline & 3&414 O FRICITKEI L T\ 5, ZiuE, 47 L bk
HAETORMERABFER TSNS DIT TIER, TEY A7 2372 TH AL XA OFE
HERHTEDZ 2RI TS, ZRHDORERICED | [F UM LG TH - T
. AT (AR, ﬁ‘@b%fﬁﬂﬁ%%f%']@%@%*ﬁﬁj‘@% HZEnbnolz, ALY
WAL, REULAED N EOBEFEAMIZIITV D, T70bb, COERKERFZH/ LTV
HETRTHZ ENTEDL EHFEIND,

BAFE L72 Al OFFEO—D1X, FAX—7 vy MNEBOERIEIZH D, R/ I—2A
NERRAMFD O 4 (5O HZE THE LEG A ER LR Th Y, FlRiZ2 255, 1
DHIE BH— D= FEKLFHAIRF IR O SEIE Tld/e < RN DR B & 1 2 5 Z
ENTEDHETHD, Pilocarpine IZBWTIE, AL IZ/XT A —F AT L 0 LIKRRE CiF
‘fié:*' |ELiz, 7AX—7 v h& R 5 &, Pilocarpine 33— kO JE#AN i 5 7]

(ZdHoTz, AL 1%, R A= M RKOBIHIIE 2T E - 728y, TERDMNTIEIZ A~
BEHETEEY A7 LHELTLEEZEZXDBND, 2 0HIE, N—AX MREKBEOY 7L
MZEIKIE L ARRWETH D, Fig. 3-1B IR T X1, o7 ic k- T, kee

(Vehicle) D&KL R DHEIC kmf%ﬂ@%M%W%%V%ﬂ TR LT
5o N—A MFEKOEECEG 2R 5 7EE, well HZES R v FHZEZR EIZr /N2
N HETHDLEEZ D, LVELDOHEXT —4 278 ST BRITHRIE L 2 5,

AWFFETRRFE L7 Y 2 7 Tl AL X, B baY & G e o h], M &R
P, IR 27 OIARNAT T ZvRE L LTz, U — NMEGWEIE SRR T ORI U X

[ZHEASWBR LBV DOIRAAT T 72 BT TE 5 L& 2 b, ERERHIFFEN D,
Flo, Y X7 PHATICEY, TNETHHEZ SICENERORRE (RNT A —4)
THMFHHZIT> TOWABRN D i — SN EECOFEMFMENTE 2 L 91k d 2
ENEE SRS, BIET A MEILH AN, N—R MU EZER LA |0 FEIZY T
VOYIPRBDR B L Z T RN B DR RIR DN X —Dfifd Th>TH T
HTEDEMEND D, WERDOINTIE TR, ERRDO XS RFEND HHE, f— L7
T A —Z TOMENTHEIIREE T > 7208, AT Y 27 AL ITMZEICEEE L 20 vA]
REMEDN DV | In vitro FAEFMETHNEDOE 2 —KUTHED D Z LN TE D 51EE LTH
FrEad, Eiz, FHI4L T ALIZR C/ERET 2RO am Tdh->ThH Kl
BRTholoZ &b, Sl AIREtEZ AT 5 xAl Z W\ T AL 3 X3 LT D AR HLZ [FE
T 5 Z N TEIUR, KV FEMZRERET O3 MR FRV A RO R R HIRF TE 2,

In vitro D EMEFHE R O EE/RFREIL in vitro to in vivo extrapolation (IVIVE) T&

o AEPHIE LT B MR EE DS In vivo % BT T I LTV S D345 R RET T 2 MBS
%51WNEAY7H—%¢5$&&L<‘@%%% BT D IBEF OB & D
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HENIA R FIETH DL EZEZXDND, TG, KENFEA LIMENTE SR UM
BD invitro DT — X G LEMOEE T — % L L THERAT 2 HETHH, ZOHE
ZRAWIUT, EERFOMMENIREZFEL Lok ) 27 Al MERIT X | 1nvivo DF
PEAB LT 27 FRINAIREL 725 LB BiIVD, Fio, 4B AT O @M IEIALH
LBl (1 #eoomitgz Al 2380 U 2 7 € LT OBIE) 1% 50%LL E& L7hs,
Al OFMHIEDRIERRE % in vivo DIRENIRIEZIZAEDOE TEE T 5 2 & THEA LS
WINZF1T D in vivo DT —ZIZEDLELNLARENE L H D, WTHUCE XL, BiEERO
T2 BGEED | in vitro THFER & O ZT 5 ERH 5, IVIVE ~DOHLY fHA
T8 4 TR 5,
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3-5 &

ARETIE, MRy NI —ZIEBO T A% —7" 1 v MNEO Deep learning %
T, Y 27 T AL B JOSEHI4 T AT ZBA%S Uiz, FRAE U X 7 T AL (378 38
FNZFNT 90% LA LD TS CRAB G AL G W) & Rt b G OIS E 2 EREIZ 7 BEL |
RPBF IR ORERE Y 27 & HERAFRNEE Lo, £72, A% T3 AL 13 18 FE o
LB DOIRE & RRMAL G DISE 2755 L 23R O PRI 99.9+0.1% Th -
2o AATTPHREL, 58 Y 27 O ERE, 8 Y 27 RIS EREY 27 0
NEAZAT I, b OVEREFF 2B 212 H L TCnWAD Z LB booTz, In vitro
MEA assessment (Z3531F 2 K5O @O GR ) 2 flleig U 2 7 PHIlE L L TH %DM
DI TE D,

Flo. AT L7 A F—7 vy MEtGZ HV - AT, G FIE<
BHMEEZA LTS L L bic, IWHERIEF ICEWEINTH D, TAX—T 1y M in
vitro MEA 7 —# O#Z72 57, In vivo DEXKIGFENFLERS Ca2+i R 380 da LRz
BRERRLEDHA A=V TFHNIC L > TRONDIMREH 2 THEA SN TNnDH Z &
Mo MR 2 %G & LT SRR L OUS e SRICEH C& 5 HiETh 5, A
R OBRITZIFFITHN LD TH %,
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Figure 3-1. MEA data from a cultured human iPSC-derived neural network. (A)(a) Phase-contrast
image of neurons on an MEA chip at 81 days in vitro (DIV). (b) Typical action potential waveform
in a spontaneous recording. (¢c) Upper graph shows the action potential waveform acquired with a
single electrode and the voltage threshold for spike detection (red line). Raster plots of detected
spikes (black circles) are shown under the graph. (B) Dose-dependent raster plot images of typical
mechanisms of action (a) 4-AP, (b) carbamazepine, (c) NMDA, (d) PTZ, (e) acetaminophen, (f)
DMSO. (C) Schematic diagram of analysis parameters.
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Figure 3-2. Dose-dependent changes of 15 compounds in five parameters: TS (pink), NoB (black),
IBI (green), DoB (blue), SiB (cyan). Parameters were depicted as the average % change of control
(vehicle control set to 100%) + SEM from n = 3—4 wells. Data were analyzed using one-way
ANOVA followed by post hoc Dunnett's test (*p < 0.05, **p < 0.01 vs. vehicle).
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Figure 3-3. Creation of seizure risk prediction (AI) using raster plot images and evaluation of the
prediction model. (A) Data flow and architecture of seizure risk prediction model. w1 is the weight
between the input layer and the hidden layer, w2 is the weight between the hidden layer and the
output layer. (B) Confusion matrix of (a) training dataset and (b) test dataset. (C) Receiver
operating characteristic (ROC) curve (black line: training data; red line: testing data; red dot:
optimum operating point).
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Table 2-1. Predictive model performance evaluation using the optimum operating point.

Original/ Training Test

Predict Acc PPV Sen Spec  F-measure Acc PPV Sen Spec  F-measure
whole dataset 99.7 99.7 985 99.9 99.1 984 965 954 99.2 95.9
4-AP 100 100 100 100 100 100 100 100 100 100
Carbamazepine 97.8 100 96.4 100 98.1 915 97.7 850 98.0 90.9
NMDA 99.6 99.7 99.8 99.3 99.7 100 100 100 100 100
PTZ 96.0 989 929 99.0 95.8 944 100 889 100 94.1

* Acc = accuracy, PPV = positive predictive value , Sen = sensitivity , Spec = specificity
(a) 4-AP (b) NMDA (c) Acetaminophen

Training data (n=3) Test data (n=1)

posmve percenlage(‘V negamve posmve percenlage %) negatlve
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Figure 3-4. Dose-dependent prediction of seizure risk in learning drugs by Al. Al predicted the
negative probabilities (blue bar) and seizure risk (red bar) at each concentration of training data
(left) and test data (right). (a) 4-AP, (b) NMDA, (c) acetaminophen, (d) carbamazepine, (e) PTZ, (f)

DMSO.
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Figure 3-5. Dose-dependent prediction of seizure risk in non-training drugs by Al. Al predicted
the negative probabilities (blue bar) and seizure risk (red bar) at each concentration. (a) Kainic
acid, (b) paroxetine, (c) picrotoxin, (d) varenicline, (e) amoxapine, (f) pilocarpine, (g) tramadol, (h)

venlafaxine, (i) theophylline.
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Table 3-2. Probability of drug name in each concentration data predicted by Al. The underlining
shows the concentration data used for learning the drug name (red), and the negative control
(blue).

Concentration (M )

Drugs Prediction (%)
Vehicle 1 10 30 60
4-AP negative control 99.7 28.3 0 0 0
4-AP 0 705 100 100 100
Vehicle 1 3 10 30 100
Amoxapine negative control 100 61.8 18.8 287 14.0 0.3
Amoxapine 0 382 812 713 859  99.7
Vehicle 1 3 10 30 100
Carbamazepine  negative control 99.4 95.1 89.3 70.6 1.4 0.1
Carbamazepine 0.6 4.9 10.6  29.1 98.6  99.9
Vehicle 0.1 0.3 1 3 10
Kainic acid negative control 99.5 947 974 0.1 0 0
Kainic acid 0.5 4.5 1.7 99.9 100 100
Vehicle 0.1 0.3 1 3 10
NMDA negative control 100 98.8 94.0 13.5 0.1 0
NMDA 0 0.5 1.3 702 999 100
Vehicle 1 10 100 1000
PTZ negative control 100 828 292 19.4 0
PTZ 0 122 584 775 100
Vehicle 0.3 1 3 10 30
Paroxetine negative control 100 100 89.9 0 0 0
Paroxetine 0 0 7.5 100 100 100
Vehicle 0.1 0.3 1 3 10
Picrotoxin negative control 100 1.1 0.1 0 0 0
Picrotoxin 0 951 99.9 100 100 100
Vehicle 0.3 1 3 10 30 100
Pilocarpine negative control 100 75.6 16.9 2.1 0 0 0
Pilocarpine 0 211 824  97.6 100 100 100
Vehicle 0.3 1 3 10 30
Theophyline negative control 99.7 910 665 263 12.3 1.2
Theophyline 0.3 9.0 33.1 733 873 988
Vehicle 0.3 1 3 10 30 100
Tramadol negative control 100 99.1 91.8 35.4 7.7 0 0
Tramadol 0 0 2.8 9.6  50.7 100 100
Vehicle 0.3 1 3 10 30
Varenicline negative control 100 998 887 53.6 18.1 0.3
Varenicline 0 0.0 104 440 80.6  99.7
Vehicle 0.3 1 3 10 30 100
Venlafaxine negative control 99.9 973 68.5 32.6 0.1 0 0
Venlafaxine 0.1 22 198  60.5 99.8 100 100
Vehicle 1 3 10 30 100
Acetaminophen  negative control 100 100 100 100 100 100
others 0 0 0 0 0 0
0.1% 02% 03% 04% 05% 0.6%
DMSO negative control 100 100 999 998 100 100
others 0 0 0.1 0.2 0 0

negative control : DMSO 0.1%,0.2%,0.3%,0.4%,0.5%,0.6%, Acetaminophen 1,3,10,30,100 uM and Vehicle (DMSO 0.1%)
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Table 3-3. Comparison with pre-clinical seizure assay benchmark using 15 compounds.

Seizurogenic Response Minimum Effective Concentration

. iPS iPS iPS
. Rodent PS (this work) (this work) (this work)
Concentration
Compound
Range Tested  +copventional ~ *conventional — *conventional
. . . *AI Drug name Al
burst analysis burst analysis burst analysis
4-AP 1-60 uM 3 UM 1M <1 uM <1 uM <1 uM
Amoxapine 1-100 uM 0.03 M 0.03 uM N/A N/A 3 uM
;
Carbamazepine 1-100 uM O'Tkht‘ﬁf} uL - 30 UM 30 UM 30 UM
Kainic acid 0.1-10 uM 0.4 uM - 0.3 uM 1 uM 1uM
NMDA 0.1-10 uM 5 UM - 0.3 uM 1M 1 uM
S 5 mg/kg
Paroxetine 0.3-30 uM (i vivo) 0.3 uM 3 uM 3 uM
Picrotoxin 0.1-10 uM <0.2 uM 0.1 uM 0.3 uM <0.1 uM <0.1 uM
Pilocarpine 0.3-100 uM 0.3 uM 0.3 uM 10 uM 1 uM 1uM
PTZ 1-1000 uM 100 uM 30 uM <1 uM <1 uM 10 uM
. 300 uM
Theophylline 0.3-30 uM (in slice) - 3 uM N/A 3 uM
Tramadol 03100 M B meke - 3 UM 10 UM 10 uM
(in vivo)
g
Varenicline 0330 um  O2Smeke - 30 uM 10 UM 10 uM
(in vivo)
5
Venalfaxine 03100 v > meke - 10 uM 10 uM 3 M
(in vivo)
DMSO 0.1-0.6 % N/A N/A N/A N/A N/A
Acetaminophen 1-100 pM N/A N/A 3uM N/A N/A
* Risk judge. - no report, N/A : No Risk
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ELTREL, RELIZHEIZBIT S in vitro MEA 7 — X% 3L LT AL 125988 &
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Kz fETE D REMED 8 D,
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HWHEATRE TH D, L L7 b ERAIKIREZ —BORIEBIEOMIE 2 BR324
RITREST LTy, —BREEBIZR IS W TlE, BV OAFZEE 12 & 2 IR HE o H i X
AIRECH D05, BMOREIRZEN &V | KAEFTIREEDS | FAERTHER & L TEMW) D1 TH)
AT L BEND EIERS 220, Electroencephalogram (EEG) A & R i IR IR AE %
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T HIZRB W CRBEIEIEIRRE A2 78 Uiz AL DS EME Y R 7 2/ U7 ReR 2 Ak
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ERTICIRAE 2 M DR D 2 LN TEIUX, —IRBEIE TITEE L o 7o 2 5 &
EZTHELIVERHAEZEEY X7 & LTHRIHTE 5 8B 2T, KEFTDKOR M Z I 2
5 Z N TEIUL. RERRZREELM LSS DG TN T, M7 — % 22 B i
JRIRBEA RIS 2 Z &N TE D, ARIREBAZ I X TALEWIZIH T % in vitro MEA 7 —
ZEBfF L. TOMEDT — 2 % ALIZFE S ENEEE GRS 2. JVKBED
AR THE L 22 D,

BT, REMBAFEIZ LV | IKEADRIREZ 2 5 Z LN TEUL, T — & DA T
KRB THIZAT O FEE LTHATH D,

fdi 7 — & 2 HRTIRIREE A MR H T & 5 HEILTAVE THEAZLL TW e, T 2Tk, K
T — 2 O JE ARG A T BB 2 Ko T MR T — 2 2 B A RITIE &
T&E DINTIEDORR AT 12,
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4-2 FHik
4-2-1 BREBDHEAAERIER S

R MR T8, EERRIRREIC L 2358 B 72 W B IZ DU T Pellegrino © O fIHIXIFE
& BB MW BB MRAR FIN A L=, & I (% 7 —/VihiER 500 mg, 5
—=HTmTr—<) +X TV (8T 7 X 2% EHKR, A VB S
1) IRAHELHE (80 mg+10 mg/b ml/kg) ZRENENEEG L, BRER T CHdE 7 5 i 2
(P AT 4 AUR) 127w MERE L, iiflE 7 a7 a Uil
A (5%t BT K], KAARFELME) THFELE, AAEZHWCHEEL 2L,
EHEErBH L, FEriEa%E (Bregma &LV #7 2.0 mm, i 1.5 mm (ZERTEAER I
RUNVZRWTHEICARZHT 72, £72, BRNATIZ b EEEMRT O RER T2, RE
ATEESEIC, RO EARIK 1 mm O FAREREREM (B ALRD) 2 MMl bIcehE Lz, &
EEMRIIERACEHONTERED Lz, S5, HEKMEME LTEHEEH 1 mm
B L7z ) — FERZ BB 1 em CRMBRICHGA A, fSIZRE T 28 L CEEEBICE
ML, ZHHOEMENY — RIL, 217 &=y MENCESTEITY, R
ARE ONA R RTTATAZ ) ~—CX KT 77, MEA) ZETEHZFICETEL
77o WO EEEARTHEAL, RERI—F (4 VP70 10%. Meiji Seika
Trw) HBRAAELICA TN AERIE (1 mg/l mlkg, A XL 0.5% 15
R, X=V 2 H—A TN ALXNRAT ¢ T SRS R TR E LT,

4-2-2 B DER KR VB 1T

Fiitc 3-5 HBICEBREICEENZED LN SD 7 v h&EE Y —/L Kb— A

(HUARFH] 07:00~19:00) (ZF%TE L72#lE S —2 (400 mm Wx280 mm Dx350 mm
H) ZIRF LT, 7y hoaxrs&—Y0y e — Rz L, 30 0L, ERIEREE
[ZIE S L7t SRR ORI AR T O R O B DI T = v 7 2 10 53T -
2o WEIWTARY 77727 5 (RMT-1000, HAJEETHMR) (AT LIIdEE RO
X DESIE 5% LabChart pro ¥ 7 b7 =7 (¥ 7 /L L — | 500/S, ADInstruments)
LT T o7,

WICRE DR L 2R LT v MIFME 5-7 HAICEFREEZHWAEL
HIE LTz, REORENAIC 25 IL2 IR L, REORIRICE G- 21T 9 FRITIRY 00 72, #%
BRI EAR OB G- DA 1275 Y 7 b Excel (Microsoft Corporation) O &L
A& W TR E L BIHE TR D . BT TR L, ZE LI G oD T v
MEITHEM & LT,

4-2-3 RRiREtIAl
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BFRBEEZHNTT v FOEREZHAER., g —L Fr—2a (BREPEER# 07:00~
19:00) (TERELIZHEr—Y (fRfl, #K T WAL, Ty hoaxs 2—Y /7
v hE U — R AERE L, SRR OMER T TR G-RTORIE 2 156 AT - 7214,
BERVE SO TR 2 85 5- L & 5-1% 3 WFfH & Tl i O JIE 217 > 7o, BB RITEA
FEITAREEME OM CHMFE L L, #BRWEIZITAEREEKIZEMR LT 4-AP
( Sigma-Aldrich Co. LLC) : 3,6 mg/kg, i.p. (Maxime 2013). Strychnine( Fi Y& T
RS ) 11,3 mg/kg, s.c. (SADEK 2017), Pilocarpine ( Fuytflisk T3k A1 ) !
150,400 mg/kg, i.p. (Turski 1983). Tramadol ( FtHisK T ¥k &4 ) © 150 ma/kg,
i.p. (Lagard et al. 2016; Valian et al. 2021), Aspirin ( FiJ&HlisE T34t ) £ 3000
mg/kg, p.o. B X, EEETH % saline : 5 ml/kg, i.p. ZfEH L=, WEIIRY 777
AT DI AT LT R O X O %5 B % LabChart pro ¥ 7 h 7 =7 %47 L CIT
STz, WEHZDEONTZT —XIZMATLAB ¥V 7 o =7 ZHWTEH LT, 7ol &
BRIEHIZY 7y O, EERRBOE(LZ: ERE UTGA T — 2 0 BRI L, T
B O CTEBRO M BTG, JE LT,

4-2-4 RAGERAT

250Hz % 2 5 JEH#50k5y %2 . MatLab @ Signal Processing Toolbox % {# i L C.
0.1~250 Hz ®»/N> K82 FIR 7 4 V% —IZ K> TRE L, wavelet fEHTIL,
Continuous Wavelet Transform (CWT) #fif L7, v —v=z—7 1L v R Z
Complex Morlet Bz 5e4R U7, JWIEAEHTICIX MatLab @ Wavelet Toolbox 35 X TF,
Signal processing Toolbox % {# i L 7=,

4-2-5 HRETEEAT

EHRNTIZIX Statistics and MachineLearningToolbox™& R #fEH L7=, HFEED
HEZRE, BLORGILADHOFREEDENEZMRET 572D, one-way ANOVA
¥ £ O Bonferroni multiple test Z i U7z, &#EEEOFELZFHMTT 572012, TS
L7z Al PHIIEY 227 2270 60 BEIOBEIGEHMAEZ . one-way ANOVA I LT}
Dunnett'stest IZE > THRE L7, T XTOHH T, pfEN 0.05 Kiifi (p<0.05) O
B, MEHICHEEERNH D & LTz,
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4-3 #8

4-3-1 v PREREDARY RMLEBEER TS5 LEBOES

BARKE SD 7 v T 3 DO G (4-AP : 6 mg/kg, Strychnine: 3 mg/kg,
Pilocarpine: 400 mg/kg) &M E U CIRELD A (Vehicle) 285 L, HH%ERK
3 RE ORI E J6 L O CRBBIE 21T - 72, LA o Lt &I, 2 TEmIZ
BWT, EAFHER LT, —RIRBERICL > T, KEREBORA L ER LT, 1TLH

TR DA 2 35 1T D JE AR 2~ 2 2512, wavelet f##T 2 T 4—250Hz
m®2ﬁn&7b%%mbtoxﬁn&7bﬁﬁi P51 15 43 T D JE A R FE D
Jfll MN) D 6520 T7—Ar— VO KIEE LTER LT, Figure 4-1A 12, &
%Wﬁ®ﬁﬂ%ﬁé&%k%&ﬁ%ﬁ%%?xﬁﬂﬁ?A@@%m?AﬂPﬁﬁf
FEARIE 5 R[] T 4-50Hz 7 DIRE DU LR & | 50-250Hz 15 D58 AL OHE5RDN R 5
. D% 20 B 50Hz-250Hz 45 D5 o #EiR N 7 5 7= (Fig. 4-1 Aa), Strychnine
BehTiE, EAFER 2 B, 4-30 Hz HOMEOHRS R 6, £0% 10 #IHE, 80-
120Hz # OFRE IR L, £ 0% 7M. 30-60Hz 7 O5EE OB TR N H & 7= (Fig. 4-
1 Ab), Pilocarpine 5 Ti&, JE{EE#% 30 B 4-50Hz HOME DOHER L | BIEND
10@%%@50th%®ﬁ§@%%ﬁﬁ%hk@kAdAdL%H@%ﬁ@%%\%
Fllz He5m . FEAEIF I 30Hz LA T O C AR EE O A W b =3 AbE I
g “C/E'\:fcﬁ 5J—J{Eiéﬁﬁfh@ﬁéﬁ’ﬁﬁ’]¢é? PESBIZE ST,

Figure 4-1B 2, — R AEBISRIC L o TR O b > 7 HE (4-AP : 3 mglkg,
Strychnine: 1 mg/kg. Pilocarpine: 150 mg/kg) DOMBIA2AWE L A v 77 At

R, ATOHEANIIBW T, BPERECHRE RGO D o7z, 4-AP &5
TIE, 10-100Hz #f OFRE DO HE5R(Fig. 4-1 Ba) 2 7. 5315 73, Vehicle (28T H I
WO HD (Figure4-1C), L7ei-> T, AEESCA T v 77 A)xb | Vehicle &K &
DFERGMAC G & DERZHMT 5 Z LT L) o7, £, IKAEORE T — % )
HRJKIREBOR A ZFRET 5 2 & bW TH > 72,

4-3-2 ARY MILBEER M S LEBOEILEDRHE

TR RE & R TBIR AR O NI D 2L 2 RN AR 9~ 2 720, AIREGREE /A O B A
N7 T LB AR LTz, € ORER, FERERTIR O 38 I & Vehicle o P[] 27w
FHRFEFED TR BT, DT, FRERIRKIEE THIT 2 FiEE LT, KERFOK
BREZ AT ISP S L HEZRM T2 2 LI Lic, KAERBOMMREIL, S5 L
BV O MAF U TRIBEGRE DR RIAL) 5870 5% (Fig. 4-1) | JEBEGRAE O FH
72 RERTIG T A HERR U 72 BRI A O & A k7T MG 2 {ERL L 72 (Fig. 4-24), H
RECIZA T 1 7T KA 60 B ORI ToEl L(Fig. 4-2Aa). 60 FO[H 04 J& i ety o
REEDOE AN T LEFM L, MREEORKMETIESME L7z(Fig. 4-2Ab), HH L7z
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TP OB A DT T LD HEEIZEEE, BN IRE T — A 7 — VISR
FE 2 R T JERBORE DD A 7T A2 FR LT, 5% 61 53 ORI D ik
T—=20b, 60 BELZ 1M THORTA RS X M7 T Lg% 1 IS E 3600
BAERL L7z,

Figure 4-2B,C,D (2. Figure 4-1A,B,C LR U7 — ¥ OB ERESH DL A T Z
LR Z T, KA (4-AP 6 mg/kg., Strychnine: 3 mg/kg, Pilocarpine: 400 mg/kg)
DFIFREO & A b 7T LEig % g T 5 & (Fig. 4-2B) . 34K 7, 30Hz-150Hz
it DFREE A IR 7 M T 87238 bz, Vehicle ® & A 77 A&,
KR I iR A2 s L2 (Fig. 4-2D), —BCIRIEBBIZRIC K - TRENTRO b/
MoK E (4-AP: 3 mg/kg, Strychnine: 1 mg/kg, Pilocarpine: 150 mg/kg) Dt
A N7 AW (Fig. 4-2C) 1%, 58 EF & Vehicle D H ] & 7~ 9 BHEREE ST O B AL
oo LD L AMBIRE SO A N7 T NEBRIZE D (ERET B 722 285
MALEM TH->TH, KEEFELZHE X DAL D ATREMEDS R STz,

4-3-3 EEF R Al DER

TER U7 BB D B X~ 7T A A VT, SERREB AR5 2 Al DOBi% %
1To72, BT NOFEITIL, DA (Vehiclen=3) ##%5 Lok & BEIEIEN A
ST HEORRGMELEY 4-AP (6 mg/kg, n=5). Strychnine (3 mg/kg, n=4),
Pilocarpine (400 mg/kg, n=3) D H-fij, L N HOIRREBIZE)0 b B Sz ke
Rzl o7 — 42+ M L7z, Vehicle 35 X O 3EH D 1 5-7if & & FKH D AR TE D
AN LG EZNENFERL, MIKERET L TH D Alexnet IZASI L, 21 3
H @ fully Connected layer 7>H Hi ) &5 4096 IRILD /X T A —F Z B D RFEE &
LCHIH L72, 12, BIREICRERIDOE A R 7T MBI O VLR EE T, &5%0
KB 2 ER LT 5 2 & T, WIHNMRIEDE W X 2 MR ZEOENZ R LT, &5 &
FAEREAERED 2 % TRIT 2REETHIET /1134096 == —r DA @ L 6 DDV
JEA R==2—nr® Hidden B & 2 SO % o g TR SN/ % —
Wik—==a2—TF N3y NU—7 2R L7 (Fig. 4-3A), 87 — X O 2 REESGFEIZ OV
Tary7—var~hrlU 27 Z2Fig. 43Ba)k L ¥ ROC (Receiver Operating
Characteristic) Hif(Fig. 4-3Bb)Z{EfL L, 7 /L OFHHFELE & L T Accuracy & ROC
® AUC (Area Under the Curve) #%H i L7=, ET /NVOFEET—X 21T 5 THIKEE
(TFG-A : 100%, &4 : 100 %% L, AUCIX 1.0 Th-oTz, B A M T A%
B UTREET I AL IERIE T O 572 DB G LB Th - Th ., KRR & i i
Ze IEMEL IR LT,
—CIRREBLEE TRABFAEDN A O N2 < &b IRITITZER BN TV D AR B 2 6
b, €T, —MAREEBLIE) B E R SN DI RIENBIN D £ TITEE IR 4 I T
XL EO T HEEEL GFEBIREEICE S £ TORRMOMIE 2 ALICTH X877,

46



5 4 5 AR 30T D R ET I L O BR%E

FALE DT 55 O TR R GRD & — e BB THR S VB RIEO R R (B
) &bl L7z R % Fig. 4-4 (27, G MALAY 3 3AIFLIC, —IREEIZL T
RERAE &I S5 LARMNIC AL 13X, 3L Tl L7-, 4-AP. Pilocarpine |23\ T
X, BTOH 7T, KERENREWERE TR SN (Fig. 44 a, ¢), FFiC
Pilocarpine |% 4-AP (2T T G EZITEEREE & U TRt S 4172, —J7 . Strychnine
I%. 4-AP 35 X O Pilocarpine (LT, —MCIREBIES CRIE S L7 EARRE D ELATIC
KA MR TR STV D (Fig. 4-4b), —75, Vehicle D7 —# %, R GFET,
e Y A 7 I HE SN2 o 7= (Fig.dad), 37800 H BIF L7- R Emitm it ALIX
SRR AR & B BRTOIRBE AR T & RN E X HATORRBIZHB N T %&%JE@%%K
HZEMTEDLAI THDLZ ENREINT, RIZ, AL TRIL7ZEEZ 27 0 60 7
MOBEGIHEL R L, GFHEN 1 KA Y 2 7 8 SFHMES 1 2L 20 A
U AR, GFHEA 20 LU, 40 Kiilix U A7 GEHEA 40 LA U X7 & & E
Fllo, Al ICX 2 27 TRINEE) LIERERHO e X 7T NEG A g L7

(Fig. 4-5), EBtZ AT OFE#E Y 2 7 TRIGRIR) & — MR RBEILE TR 1 S AU 7o AR A
DR (Ff) O, REICA T r 7 T AR, TEBIZA I 2VHE L&Y 27
EEFiHZOE A N7 T AEBRZR LTS, Fig 4-5(@)IRd 4-AP #GRFO Q)RR U
A 7 (score=0.00), (D)JEHE U 27 i (score=32.4), (i)f&##E U 2 7 7 (score=60.0)
DE A NI T LERETDE, ERaT O LIS T, 60-100Hz #0454 73 5 58
JEIZv 7 L TWe, Lol GIEREY 27 GEEY 27 & e (iv) &Y 27
& (score=14.3) ZH#Ed % & 30-50Hz 4 2MEFREZ T /0A L TV D AR Y 2 7
DMEV & )E L 72, Fig 4-5(b) 127~k 9 Strychnine #% 5-FF 0 ()&t ) 2 7 # (score=0.00) .
()ERE Y 27 @& (score=60.0) # T 5 &, UAZHEINIZE A NT T AL 50-
100Hz H D434 DS s IC > 7 b L7z, Fig 4-5(0)127~ Pilocarpine $%5-FF oD () JE
U A7 (score=0.00), G)FEIERTOREREY X7 & (score=59.9) . Gid)FIEE% DR
#1275 (score=60.0) % b4 5 &, 4-AP X° Strychnine & |38 0 | f&gE 2 a7
O EFIZHES T, 10-50Hz 11 O A MEREIZ 7 R LTW5, Fig 4-5(IZr
Vehicle #5-RF0 @@ ERAE, () 2B, SHAPIRE | QD H TERE. (v) BB
(BT, JEENRF 1T 50-250Hz 17, FEIREF (1T 4-50Hz #0558 L7223, AT 3R Y
A7 HEENE Uz, BAFE L7 Y X 7 i AT 1358 E M BIRDTIR T Y 2 7 )&
LTWaEEZXBND,

4-3-4 =T A Al DIREE

BAFE L7k U R 7 ki Al WRFPEHEAI O Y 27 2 TE 22 GEET 27
DIz, LAY T D Tramadol 150mg/kg. EEEMELEY TH D Aspirin
3000mg/kg 5 L7=7 —# % ALIC Tl S 7-, Figure 4-6A |Z Aspirin 5% 1 I
[flo>7 —%#(14400 & A | 7'F 5/ n=4) & Tramadol #4512 X 2 EERIERFD T — ¥
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(1127 e A 7T Al n=)ZHES VT FROa L 7—T a0~ MU 7 2L ROC iR
ZoRd, AL ITRFEAEWTEH 100% DR THRIFIREEZ A L7, Figure 4-6B (%
Aspirin & Tramadol O 5% D Al O U X 7 TRIGREY & —eRIBBI L TRl S
TR E DR (FRY) Oz R LT\ 5, Al l Tramadol 150mg/kg % #%5- L
7o T RTOMIE T, —BORRBE L2 CRARIRAE & W S 2 g M2 7l L 72 (Fig.
4-6Bb), —J7. Aspirin 3000mg/kg % &5 L72fIACTIX—Fr7e XA a7 O L/ O H)N
Roh, 2095 1 BETIERA a7 ERITZRON R T-,

Al RPRILTZEER a7 0 60 BHEOBEIGEIHMED 1 28X R ZHEE L,
Vehicle (2%t 3 2 AL EM OB EEREEIT -T2, BALEWOEFHED 1 %2 2 7271
FEMTIZ. Vehicle = 0.0+0.0 s (n=5), Aspirin = 147.5+119.4 s (n=4), 4-AP = 3336.8+105.3
s (n=5), Strychnine = 3402.3+88.6 s (n=4), Pilocarpine = 3568.0+8.2 s (n=3) ,
Tramadol = 3503.8+147.7 s (n=4) T& 7=, Vehicle & Aspirin DA EZEIL2<
= 0.129), Vehicle & T X TOREBEMHALEY & DMICHEZNRO HiLe : 4-AP (p
<0.001), strychnine (p <0.001), pilocarpine (p <0.001), tramadol (p <0.001), BA% L
7o ATIE, RFEORAITHREY 27 ZHWICE 52 Enbholz,

4-3-5 AT |2 & % B FTIIRE T

KRN THRE SN2 o T IRHEOIKEGM(LAEM A G Lok 4-AP (8 mg/kg,
n=5) . Strychnine (1 mg/kg, n=4), Pilocarpine (150 mg/kg, n=4) & &> (Vehicle
n=2) &G LICBIKOME T — % %, KIEREL 78 S &7 AL ITKEE Y X7 Pl
7z (Fig.4-7), ALITEEGMHAEMOFTGEZZ GRS THIL, 0%, G
&M 4A 3 {bEWITHE W T, K8 U 27 ORI % 70l L7 (Fig. 4- 7(a)-()).
Strychnine ® 1 fRIKDI, FEHREY X 7 1 IMENTH - 72, HEGEZITFEBIKEDIBIE S
HNEF 1L, FEEEE & [FEEIC pilocarpine 23 b R VMERIZH 72, AT —FE L Rz &
2372\~ Vehicle O > 7/0i%, AFEHE 2 L C, &8 Y X7 I Shznolz, Kk
b, AR LI X M7 A AL 1L, FEAEPBIEZE SR VIMEIC W T H R Y
AT HRHTELZ Do,

W2, AL 12X B8 Y 27 PRINEE LKA O X~ 7T Mgz i L 7=

(Fig. 4-8), SEREEAEN L ONRN ST HEICE N T, 4-AP 5RO (1) &g Y 27
% (score=0.00) , (ii) J&&F Y X 7 1 (score=30.6) . (iii) & U 2 7 % (score=0.08) .
(v) &Y 27 & (score=54.8) ZLbigd 5 &, WA R &[RRI Y X 7 HERFOE
A N 7T 2% 60-100Hz H# O 5AfinmmE Iz~ b LTz (Fig 4-8(a)), Fig 4-8(b)
® Strychnine 55D Q)& ) 2 7 4 (score=0.00) . Gi)F&# U 2 7 & (score=55.1)
(ii)fesE ) 2 7 M (score=0.00). vyt ) 27 (score=37.9) F L, Fig4-8(c)D
Pilocarpine ¥ 5D Q)iEHE ) 2 7 (score=0.00) , (G)3EHE Y 2 7 1 (score=35.8)
Q)R Y 2 7 & (score=59.0) TIEEmHAREEILET HE A N T AOE{LITRA LR
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Modz, FERBENA LN HEIZBWTYH ALl A TPRIL7ZE#ERA 27 0 60
BOBEEFHEN 1 282 2R H 25 L. Vehicle (259 2 LA WOF BAEME
T olz, SEEMOERHED 1 2B 7 PRI, £ ETh 4-AP=2769.2+246.6
s (n =5), strychnine = 1295.3+766.8 s (n = 4), pilocarpine = 3554.4+18.5s (n=4)T&h
. Vehicle & X TORBEGHALEY & ORICHEZNRO bz : 4-AP (p <0.001),
strychnine (p <0.001), pilocarpine (p <0.001), £ 5 &, EEFOE A 7T A
a7 Uc AT, —CIRRBEIZE TIIURE DR b R0 o TR E OB G L&
W DR 70~ B Je gt U A7 & TRT5HZ LI LTz, Al 13 A D B TIEIHEIZ R A 2
ZHTENPTERNVEAR NI T LAORHBIZESN T EBEY A7 2L TWVW5D EB 2
bivd,

4-3-6 &) X DKRHICEAET 5¥HE

AL IZE A 7T LB O 4096 RICOEFUL ST RABERICE DWW TR Y 27 %
FHL TS, BLEWD 4096 WItOHFRED 7 1~ b % Figure 4-9A [T~ 7,
Feature quantities = 1 [F3EFIH G-RIO LR EZ R L TV 5H, 4096 KILOFFHEE
DD RERE ) R Y R ET D RHEE A RET H72HIZ, Vehicle (18000 £ A h 7 Z A /n
=5), Aspirin (14400 E A N 7T A [In=4) &, FEEREIERFO 4-AP (23381 B A ~7'F
2 /n=5), strychnine (5015 & A k77 A /n=4), pilocarpine (11232 & A s 7' F A
/n = 3), Tramadol (1127 & 2 k7' A [ n = H)DOFEEDOERITICOWVTH B ERE
AT o1, PIOIZ, FBEMALEY D Vehicle & Aspirin O FIZH B 7203 VRS & 2 fl
U7z, WICHIH L7 R E D &, SR 5L 5% (4-AP, Strychnine, Pilocarpine,
Tramadol ) & Vehicle, Aspirin O [fi 5 DM H B4 R~ RS E 2 U7z, s
{bEW = L THhi L7285 & % Figure 4-9B @ 64x64 RO~ » FIRT, HEFEN
ORI EORITTEIT, 4-AP : 232 kJt, Strychnine : 130 #&kJc, Pilocarpine :
M4ﬁﬁﬂmmmm-w4wﬁf%oko:@5%'Bﬁﬁ@%@%ﬁ4o®ﬁ@%
ML ThE L Tz, 20 78 TOREERIT Al 2MERE Y 27 2 T4 SR &
ROFETHDLEEZZOND, £lo, FEEEIZONWTOLFEENBO LI FFE=E
DO ILEIE, 4-AP . 32 koL, Strychnine : 5 ¥&kJt, Pilocarpine : 19 ¥ Jt, Tramadol :
TIRILTH o7z, T OOREEIT, FHEREM SRR OKIEZRL TN EHEX
b5, Figure 4-9C [LH— DG MALAW(63 IRoT). D OB GIELE (6T IR
T, ZOOFEGMAL AT RoT), TR TOREBME(LEY (T8 o) THEAEN
WOLNIRHEEZ R L TVD,

4-4 £
In vivo RIS, &Y X7 ZET 572 OO EGRE /S M e A N7 T AEE AL
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P LT, wavelet fifdT TR U 72 JERETRE DR R 57— & A R 2120 EI L H#
22N O JE I EREE D 5347 2 g 5 HiEIX, HTLWEBIIETH 5, 1ERBT A

LIS A I3 T DIERF D A T 1 7T NGREE 53 AR O R BT R AL iﬁ'efciéﬁ

(Fig. 4-1) | WFEIIEHRAHEFRT 52 & T, FORLRDEETH - THI@ET 5 mE D
OB ZEEZ D Z ENA[RE L 72 o 7= (Fig. 4-2), SO B EBORE St 2 K75
DG 2 L7z AL, BGRTOIEF 72 & ke 2 100% DR THIBI4 5 &
BT, —HOREBBIE TR SN D L0 b R Y 27 it L7e (Fig. 4-
4) , FEERIRARIZ L O D I DRSS, SEAERAFRTOMME 7T — Z IZTNIEL TWH 2 & &
ARLTWD,

FIERIC, —BOIREEBIE TR DS A o e o TR EDORRICEB W T, AL 13, &
BY R PR LIZZ LD D (Fig. 4-6) . SR O RHEAMEH R BB RO IZNTE L
TWeZ & EBRLTWD, W7 — % OH CTRERDRIRIEZ i L7372 < Y

HRIERIEIC BT 2R EORTJEITEN & EEG EREZ A& LG DOATH S, "k
ITEYORINLZ2V, TAPAFIED HERHHIZIE AT OESER RSN TV D EHfiE S
T2 (Authier 2019, Delaunois 2020), AA T fATIEIL, BiAEICERG-ATORE
T, WEROFEEZ LT 52 & T, OIHIREOZISRELZZ T /32 R iR
PrETH Y, —IRBBIZEIZIHW T, KENED GNRWMEEM TH > Th ., KT —
AINDIEEY 27 R TE L INETICHENGETH DL EEZIBND,

&@)x&kﬂmbkﬁ@k)x&ﬁbk%mbkﬁ@%F@4&Eg47mﬁbk

 AEOETEWNIZ-Z D ooVl S AT L TR Y | e T
7J>%W@HUJE% BN TE 5 Al ORI LT & E X D,

AT R Y 2 7 B HIAEH U CW D RHEE A R e LTz, £ OREER. 4 DO G b
BT L DEERAERFICIL T8 IR ORI EN B L CTELT 52 LR bhroTe, 20
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Figure 4-1. Typical raw waveforms and scalograms (A) Raw waveforms and scalograms determined to

be seizure by general observation, (a) 4-AP 6 mg/kg, (b) Strychnine 3 mg/kg, (c) Pilocarpine 400 mg/kg,

(B)After the administration of the convulsants at doses inducing no seizures (a) 4-AP 3 mg/kg, (b)

Strychnine 1 mg/kg, (c) Pilocarpine 150 mg/kg, (C) After vehicle 5 ml/kg administration
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Figure 4-2. Histograms of frequency—intensity distribution (A) (a) A scalogram in 60-second window,
(b) Intensity histogram of each frequency band in 60-second window, (c) Histograms of frequency—
intensity distribution in 60-second window. (B) Histograms of frequency—intensity distribution during
a seizure, (a) 4-AP 6 mg/kg, (b) Strychnine 3 mg/kg, (c) Pilocarpine 400 mg/kg, (C) Histograms of
frequency—intensity distribution at doses inducing no seizures, (a) 4-AP 3 mg/kg, (b) Strychnine 1 mg/kg,
(c) Pilocarpine 150 mg/kg, (D) Histograms of frequency—intensity distribution after vehicle 5 ml/kg

administration. MN indicates the median intensity of signals over 15 minutes before administration.
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Figure 4-3 Creation of an Al-based seizure prediction system. (A) Data flow and architecture of seizure
risk prediction system. w1 is the weight between the input layer and the hidden layer, ws is the weight

between the hidden layer and the output layer. (B) (a) Confusion matrix of training dataset. (b) Receiver

operating characteristic (ROC) curve.
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Figure 4-4 Prediction of seizure risk in seizure-inducing dose of convulsants. Seizure risk scores

predicted by Al system (red line) and seizures detected by general observation (blue line). (a) 4-AP:

6mg/kg, (b) Strychnine: 3mg/kg, (c) Pilocarpine: 400mg/kg, (d) Vehicle: 5ml/kg.
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Figure 4-5 Comparison of seizure risk scores and histograms in seizure-inducing dose of convulsants
and vehicle. Al-predicted seizure risk score (upper), scalogram (middle), typical histograms (lower). (a)
4-AP: 6mg/kg, (b) Strychnine: 3mg/kg, (c) Pilocarpine: 400mg/kg, (d) Vehicle: 5ml/kg. MN indicates the

median intensity of signals over 15 minutes before administration.
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Figure 4-6 Prediction of seizure risk in unlearning compounds. (A) (a) Confusion matrix of test dataset.
(b) Receiver operating characteristic (ROC) curve. (B) Seizure risk scores predicted by Al system (red
line) and seizures detected by general observation (blue line). (a) Tramadol: 150 mg/kg, (b) Aspirin:

3000 mg/kg.
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Figure 4-7 Prediction of seizure risk in subseizure dose of convulsants and vehicle. Red lines show
seizure risk scores predicted by Al (a) 4-AP: 3mg/kg, (b) Strychnine: 1mg/kg, (c) Pilocarpine: 150mg/kg,

(d) Vehicle: 5ml/kg.
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Figure 4-8 Comparison of seizure risk scores and histograms in subseizure dose of convulsants. Al-
predicted seizure scores (upper), scalogram (middle), typical histograms (lower). (a) 4-AP: 3mg/kg, (b)
Strychnine: 1mg/kg, (c) Pilocarpine: 150mg/kg .MN indicates the median intensity of signals over 15

minutes before administration.
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Figure 4-9 Feature quantities involved in determining seizure-risk. (A) Median plot of 4096-
dimensional features for each drug normalized prior to drug administration. The median values were
calculated from vehicle 18000 histograms (n = 5), aspirin 14400 histograms (n = 4), 4-AP 23381
histograms (n = 5) during seizure, strychnine 5015 histograms (n = 4) during seizure, pilocarpine 11232
histograms (n = 3) during seizure, Tramadol 1127 histograms (n = 4) during seizure, respectively. (a)
Vehicle 5ml/kg, (b) 4-AP 6mg/kg, (c) Strychnine 3 mg/kg, (d) Aspirin 3000 mg/kg, (e) Pilocarpine 400
mg/kg, (f) Tramadol 150 mg/kg. (B) Feature quantities map showing significant differences between
each convulsants and both vehicle and aspirin. Yellow indicates the feature quantities with significant

difference. Statistical analysis performed using one-way ANOVA (Bonferroni's test), p < 0.05. (a) 4-AP
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6mg/kg, (b) Strychnine 3 mg/kg, (¢) Pilocarpine 400 mg/kg, (c) Tramadol 150 mg/kg, (B) A heat map
that merges the feature quantities of four convulsants. The feature quantities showing significant
differences only in each convulsant are shown by red (4-AP), green (strychnine), orange (pilocarpine),
and magenta (tramadol). The feature quantities common to the four, three, and two convulsants are
indicated by yellow, gold, and right green, respectively. The 78 features shown in yellow are the feature

quantities common to the all convulsants.
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