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1-1 ARDEELEM

=3 AR TIT R 2D mWERMEMILEYEZ R L BT HZENEETH
%o RAVERHN CIXEM BRI L 0 AN CTOFEESCENER TS LT b, HTH
AR RS T 1L, TP O BN IO EERRK O ONE D> Th 5D, Watkins 51T &
D AREROFEFRRTI T 2— X105 7 =2 — XM TOFEREEOF IEOERFNTH
D, 79 OFEAMEMOK 22% OB ILITMREFEEICLI I b REINLTVD
(Watkins et al., 2011), F£7z, 7 A F 7 €3I D Cook HIZ X HHETIX, FEEKRIZE
UWNTHEEMEDHIBA T 2 s OIS X TARIRE RS T% L AR T2y, FRARGERERIZ B\ Tag
PEDSHIBT T D g OB S 1T AR DY 34% Tiebm< 2> TRV, ZOFERERD
1 DITEEFNE TH 5 (Cook et al., 2014), T4 HIXEM IR & BB IT 5, B
L b FEDFENFRKNOONEDTHD LB X LD, IKERIEDORI D 7 DI FE S <
B AT A ADERTIE, Ty b, =74, 4 X, BERECTREIKICHT HREIC
FEND D Z ERWE ST 5 (Accardi et al., 2018), FEZAE DL S)> S B FEERIA
BT o MRMER Y U —27 Z W in vitro MEERE A FEEE & L7 LA kAT
EOWEER RO BTV D,

PHRHIAE O BERERHM I 1X 3~ F 27 7 71E(Bosca et al., 2014; Franz et al., 2017)X°
BN T hA A= 7 (Balez et al., 2016; Pacico et al., 2014). MEA % f\ 7= filjia
ARFLEIEDR VBTV D, In vitro MREEERE 2 FHAI W REZ2 IR O H T H MEA (344
By bV — 7 OESAERTFIE 2 IHRIE, SR MeE. ZARREHIITE ., S
WG L Dttt v b U — 7 OIFBEL R < A Z—T "y MIEHTRE
%%y, BFEBRITAGET S in vitro MREEERE 2 FRAT & L7 L EWRTMIE & L THIfF &S
T4 (Amin et al., 2016; Black et al., 2017; Bradley et al., 2018; Bradley et al.,
2019; Fan et al., 2019; Frega et al., 2017; Grainger et al., 2018; Hyvéarinen et al.,
2019; Ishibashi et al., 2021; Ishii et al., 2017; Kayama et al., 2018; Kreir et al., 2018;
Matsuda et al., 2018; Obien et al., 2015; Odawara et al., 2016a, b; Odawara et al.,
2018; Odawara et al., 2014; Ojima et al., 2018; Plumbly et al., 2019; Seidel et al.,
2017; Shirakawa et al., 2020; Toivanen et al., 2017; Tukker et al., 2020a; Tukker et
al., 2018, 2020b; Yokoi et al., 2019), = —7 b O#FEMLZ JHV T MEA FHI 21T -
ToWFZETIE, MEA DEAERIEALE Z T EWERET D72 OICH 723 % T 5 Al
REMED A S U Cu 5 (Bradley, et al., 2018; Bradley, et al., 2019; Fan, et al., 2019;
Kreir, et al.,, 2018), t kiPS #fdfi k=2 —wr & v /2 MEA ZHIlIZ W TH A%
TEENSC, FRIEADINE 72 EOMRER » b U — 7 OFHMIIAHRE ST 5 (Amin, et al.,
2016; Black, et al., 2017; Frega, et al., 2017; Grainger, et al., 2018; Hyvérinen, et al.,
2019; Ishii, et al., 2017; Kayama, et al., 2018; Obien, et al., 2015; Ojima, et al., 2018;
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Plumbly, et al., 2019; Seidel, et al., 2017; Toivanen, et al., 2017; Tukker, et al., 2020a;
Tukker, et al., 2018, 2020b), F~ X MEA Z /-t k iPS#ildfsk==2—  DE
SIEENFCER & R T THE L TH Y (Odawara, et al., 2014), Z 1L E CTREH K %4
Wiz e b iPS M SRR R v B U — 7 OB LA, MEA TEH S L7 ESIEEI O
FENT U2 RS U AL & nk /e & b s L C & 7= (Ishibashi, et al., 2021; Matsuda,
et al., 2018; Odawara, et al., 2016a, b; Odawara, et al., 2018; Shirakawa, et al., 2020;
Yokoi, et al., 2019), & 512, MEA Z W =HFZEI3ITE S Al Thh TR Y . it L
H A ROIEEEH O E<C(Durens et al., 2020; Fair et al., 2020; Ghatak et al.,
2021; Pelkonen et al., 2021; Tasnim et al., 2022; Yao et al., 2020; Yokoi et al., 2021).
maﬁfb AR Td 5 CMOS-MEA (2 K 2 @i g BERHANED &5 L MEA ~O B35 A3 3E

(2 (Duru et al., 2022; Obien et al., 2019; Ogi et al., 2019; Ronchi et al., 2019;
Sharf et al., 2022; Yuan et al., 2020), ZiX 5Dt b iPS i k= 2 —1 o DOE#ES
BT A BB ORFIZ L V. B b IPS Mlal k== —nr > OREREFHI O &2
BT L2 > TET, 2O X I RPF Tk M PS HifdH k== — 1 > > MEA
FHANEIC X 2 EIEG O BR MIE~OWHE RS E Y . AARTIE, & & iPS MifdSH
aetkary—7 A (CSAHD) (2t b iPS Mgl k== —a > ® MEA FHH| Tt
FIE TR EAT 5 T — A0 H _E23 Y (Shirakawa and Suzuki 2020), B4+ Tl [EES
MPEE ¥ > 7 %> 7 H{K® The Health and Environmental Sciences Institute
(HESID) NeuTox committee (Z MEA-sub team 23375 _E73 - 72 (Roberts et al. 2021),
BUE, 2 < OREEREE Milax & — BWERA—DT—, 77 17, BUMERSEN S
LT\,

Fifko X 5, b M iPS K= 2 — 1 > 0 MEA FHAIEIC & % B 5L o fes d
THNEOHEEIZ M 72 B0 M ADE NI TENN T D | IRE G A1 ﬁﬁ‘é%’i
B OMMTHRERIZ OV THEmM CE DR LR TE T, LLARnL, T —XOEHEI
B RoTob DD, wETH O 2 OMHENRKMEL TH Y | [FENITHRELE 72> T Z)o

MEA ¥ 27 ATl S U RRIEEN X IR » N U — 7 ORI RIEE TH 5
R N— 2 NFA DI HSRE & X, R R— 2 R AKDOHECHI DO E S Y kEax
TRREAT N T A — X PRHESE X 1T & 72 (Kosnik et al., 2020; Plumbly et al., 2019;
Robinette et al., 2011; Tukker et al., 2020a; Valdivia et al., 2014), L2>L. HHE#RE
WHEEAET L ENBEMTH A0, BEF O /N7 A — 2 TIXEO#mEEZ MR T& 72611 \

&Y ((%FH : Pilocarpine) NFAET DN H D, EDFNT /T A — X Z 3
WD NI FEE T L > TR > TE Y | BN - AT TRICAD E Shdii— EI’J
IRRAT /X7 A — ZIIRIZMENL SV TVIRNZ LD | BUR CTIIHE— OfRIT X7 A — 42 %
AT 2720 CIMERBFO R 2bEMO0mEtEE Rt 456 Z L nNETH 5, £ Z T,
FE TR T AL — i Ie EDZE BT ARy NU— 7 OBXIEE T — ¥
W5 Z EnEH STV 5 (Gong et al., 2016; Hyvérinen et al., 2019; Mack et
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al., 2014; Mendis et al., 2019; Passaro et al., 2021; Tukker et al., 2020b), Tukker & .
Tim &, [FHRER Yy MU —7 OBXIGE T — X 2 L BRI 5 2 & T, k& x ok
T&E B AREME 2 S L T b (Mack, et al., 2014; Tukker, et al., 2020b), Z iU E T
STV D MEIEE O LA BT ClI, HE LI ST A =2 2T X CTHEHAT 255,
FX TFHOREWVIEHNT A =2 2R IR L HHEHT 2560772 1180 O/~
A =2y FOZLTHF STV D ALE O Z R 3 2 DI Ea#E 72 T~ T A —
2 DMAEGDOEDPFRIHATH D Z & FHORE N /NT A — & PNEMEMR I KE T h
LN ARITHD Z ENFTRE L 72> T D, RFZE T, & b iPS Ml Sk
Xy U —27 O MEA FHANC T 2 5 E M O 2 fTRE & 3 2 i FIE DS Z B
B, 9 TR EEE AT D 2 BB TH 2ILEWIED . BAF DTS T A —
Z TIEZEDOFMEZ R TERWLEW P FET DR Z R T 272012 kx> b U
— 7 IHENVD F IS G B LT N7 A — 2 O L AT, £1o, (baW o=k
AR T D OITEGE# RGN 3T A — X ORAE DR PRI TH 2 BEZ R T 5729
W AEE DS ZZENRT D RE RN N7 A — 2 OAGOE 2 3E L CHET HLE
BEFTIE O 2R AT, BREERICHE LIZBEa OB G &9 & M E IO
T, WE LIS EEMTIEE WD Z & T, G LS O H 23 A7,

In vitro DFRERIED — R Z2VEIL. in vivo ~DIMEIETH 5, W4, in vitroto in
vivo extrapolation (IVIVE) &\ 5 SHEN | HHAMICHEH SN D LOICR2 Y | i§x ZDHE
FEPERERI S LTV D, MEA &gl 2 W 7oL SR T, ARICBIT 25k
REZFETERNWI ENEELRRETH 5, MEA I X o THIH S L7 oRrsflia o 1E
LN BRI BT DR E KB L TV D NEARHTH 5, L AR ToREMER
REZ KM S5 70121, MEA FHAlCEB T 2Ry MU —27 ~OZZEEE L in
vivo (BT DIMENIEE OFEAEZ A 520 L, IVIVE OB ZRFET 2 LN H 5,
F7o. THVE T MEA &ML 2 W7ok % 22 b SRl s S T2 7223 MEA
FHANZ 31 DG ORI T ETE R DRI /ST A — ZITHH > T\ 5, EDfFHT /T A
— ZAZEALD TR b DFMER DN E DR DEUE D & 372 D 7378 BRI E
ERTNRNWZ ENRETH D, £/o, #iRHO MEA FHICTIZHlg ORI L0 &
DB 2T D6 03% D (McConnell et al. 2012; Strickland et al. 2018), (LAY
Z BRI R T 2 IR DO AL I R < X 5 efifr FIENMLETH 5, ABFFETIE,
I BFIZ I 1T B L MRl CEMW EER OMRBIEIZ /2 V15D K 5 72 in vitro fEREE
BEDFHMIRESE A HIY & Lz, MEA FHHIC X » TH SN MRIEENT — % 0> IR D
LRI AIREIR N T A —F &y NEEMN L, ESOITICEW T, I OFEER A%
FERE L L7 U 27 OIMELRET H 2 & T, MEA FHUNC BT L& O RN 1E
BELOAEB OB iR 2k A7z, £72, B MiPSfilalEk=a—1 % [
V2 MEA GHENC X 26 G ORAE ) 2 7 5l & B FEERIC K 5 T v F TRkE L O
R RIENBIZE ST & & D CSF NIREOFIA 2 F2Mi L. MEA FHITRAE Y 2 7 73
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R SR EE & CSF WIREEZ i3 % 2 & T IVIVE OBLE A FRGE L 72,

AR TS LTALEWRHIE T, FICEEGOKEY 27 22—y b & L TR
D TE o, wIZIT, RBFFETHZE L 7 ALEWRHIE O EFE S LI~ O Js AT & i
U R 7 USNDOHEEERA~DOISHMEZMREET HHLD (oA % i L7,

BRI, FFEELDSNOZ —5Fy hE LT, OECD &3 LT 5 aEflikf 4
W EEREE LAY A EE L, WY A7 Ml &2 i L=, FiEY 27 3HME&2 1T 9
FEMTIE ORRGEE & L CRAEGMAE 4 b 2 W CHEtE U 2 7 HEE D2 S M2 GE L,
ol E & U CREBEE b EMOT — X ZRUG L, mEY A HEE LTS Z
& CTEEMUANDILEYOFHIE L L TORPELZREELTZ, OECD ~O7 71 —F
ITAMIFE THIFE LA S s O BB EIC T 2l A &L LTHEETH D,

WITIE Y 27 U OFEFEFRR L LT, HiFEKBEEMIE (Antibiotic Associated
Encephalopathy: AAE) % % —/% v k& L7z, AAE IZHIEEK G-I L > THlIE R Z Eh
L AR E Ch 5, ICU IZBW THAZSMMIEN H 5 D IEFNE 80% 12 k5T &
A HALTE Y (Inouye et al., 2014), FHHIDJFE & B 2 5 5 EE1T 12~39% T
& 5 (Alagiakrishnan & Wiens, 2004), AAE 1%, JUMAEPERNIE 72 & O JF B & ORI,
il DR RN K 2 BE & ORI DK EE 22555 032 W 21T Tl < | BRI 45U 5 356 73
o2, TOFREAERE L, RKOMBA & PRI ORITLZENERETHD, £,
PIHEEOHFREIZE N T, BREMDO AAE U 2705 &2 &b AAE OJER Z 2
T5HZEIFEELRRETH D, FIVEWE ORI E-CIE 2, BT EE LD
TV ATYT 4y 7 L Ea—0OfRNL, AAE (X 3 2O X A FIZHhHEanTnd
(Bhattacharyya et al., 2016), %1 7" 1%, IA4 7 B —X AF(E, TADPAENEL,
SHES MRI IFZIEH Th 203, MEERENPRBDO LN T ENMLNTWD, ST 554
WEII~=2 U v BT7 7 r AR VRHEETH D, 4472123 F/nk, 7
174 &, SITEAITH Y, BEFGERE A UNIZLRSLEZAEFEORHIER 2 3 0E 3
HZENRETHD, A7 31T 5 =haAIXY—NFEERTHLA hn=F Y —
THY | IEKHANFERTH D, AR T, & M IPSMafkeER Yy T —27 0
MEA FHINZ & 0 G L7 BAGEE 2 b, BEROFURHIZ DUV THERIRIZHES < HlE D
AAE Z A 7&FHEFREL 95 2 & T, MEHBRICHKIT 5 AAE FH oM Z 3
1 & DMGEE it L 7o, PrRSEE 5RO BLABFIREEZ M L, Ry hU—
7 OFRBIFTEE Z H1E & LIe B T 2179 2 LT ko T, BHR 2 BRR THd &
NTWD AAE TSN 3 DX A ST 5 2 L ki,
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1-2 RERXDIERL

F 1 ETIIAMIEOE e BEY, Rim ORI OV CREHE L 72,

2 F T, TARMRESEE AT D ENBEATH 2{LEWMIZN, BEfF O35
A =B TIFZOFEEEZRE TERVMEEMDTFET DA R T D720 O s
> MU — ZIEB)OJEHIEIZE B LT ST A — 2 OGO W CREHE L, (B
MOFNMEERBT 7200, LB ORMN 2T D EHE 2T/ 8T A — X DA D
HEEE L CEIMET 5 2L EMNTIEOHEEL LORRICO W TR Uz,

¥ 3ETIL, b biPSHIlEH k= = — v & vz MEA #HEIC X 2{E AW D
URZFHME, BFEBRIC KL 5T v ORIk JOYSKERIENBIE Iz & & D CSF
PNIRE O Z J2M L, MEA FHIICRERE Y 27 B SR & CSF NIRE A b
5 2 & CIVIVE O fi%im Uiz,

94 T TIE, B LIAL i liE O EI G LS~ OIS HYE 2 B3R b & & &
—7 v FE LTHGRELTERER, BLOSEORBREIZOW T U,

55 T CIX, B L7Ab& Wik O LIS O FEF G~ 05 HIE & Hi i 3 B
EZ 2 —5 > & LTHREELTCRER. BEIOSHRORBRLEIZ OV TR LT,

FWOETIE, FEOF LD L, BIGLE LT, BR LIALEWRHEEOA RAYE, IGH
P2 GO T ARFFED £ & DI OV TRiH LT,
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F2E FRASHZzAVEEEROESSERHEORTRE

2-1 Fim

MEA ¥ 27 A TEHA S U AREEN X IR » N U — 7 ORI 2IEE TH 5
RN — 2 NI SIE & X, FHIAS— 2 MR AKDOHESCHIOE X r 8, kix
TRIEAT /N T A—Z PRI TE T2, L L, FiRsmtE2 G352 EBBETH D
W, BETF O X T7 A — X TixZ o@mEE2 Rt c& 2 ke (fR&EH : Pilocarpine)
WIFIET DN B D, EOFHT/NT A —F ZFHIIZ WD IR E I L - TR -
TE O, R - ERMET THICA 2 & SNDHE—RIZRIRNT /ST A — Z TR TN S
TWRNWZ &G BURTIZHE— DT N T A — & A 5 720 TIRAERT 0 2
A OB RN T 5 2 EPREETH L, £ 2T, ERIOITT 7 A2 =04
R E DI BT ARy N — 7 OBEKIEE T —ZIZHEAT 52 ENER ST
W5, Tukker &, Tim &, IRy U —27 OBRIEENT — ¥ & 2L &M 5 2
ET ALEMEDBECE D AREME 2 LTV D, T E THE STV DG B O
ZEBMTTIZ, HE LI T A =2 23T XTHHAT 856, £7003, F50KRE
WMIEHT /ST A — 2 2RI THEHT 25807272 1 @0 O N7 A —2 %> FDO&H
THRE SN TV D ALEOBMEE BT 2 OIZEE R EIT N7 A — % O AEDED
FATHDZ & FHOREWEHT/NT A =2 REERICRETH LB AR TH D
T EWHTRREL T o T D,

AWFFE T, B b iPS MR AR » U —27 O MEA FHANZ 31T 2 8 m M O ik
% FIRE & T DT FIE O Z AT, £3, PR EEEZ AT 2 &M TH
HACEWTED  BEAFOFENT /X T A — & TIEZE OmMEEZ R CE VLA R ET S
JAZ RS D72 DI, MRy b U — 7 IHB O EWINEICAE B LT N7 A —2 D
WELRDT, £ ALEVMOBMELZ R T 2 DIZEE RN T XA — 2 OBE DY
DA CTH 5 B Z RS 5 72D LB O 2 2T 5 Bl 72 ffAT /3 A — & O
BB EEE L CHEMT DA EMITIEDOHE 2R AT, Bt RICHE LB oRE
BEGMHAL AW & ML AT ONT, FEE LT 2B EMITIEZ WD 2 & T, 5
L&Y O MR AR AT,
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2-2 Hik
2-2-1 £ ~iPSHIlAEERE =1 —O DEE

Human induced PSC-derived cortical neurons (XCL-1, XCell Science) % 3.0x105
cells/cm? O % &£ C Polyethyleneimine (Sigma) & Laminin-511 (Nippi) % 2—7 1 >/
7 L7z 24-well MEA 7L — I (Comfort; Alpha Med Scientific) |2 ¢3.4mm D 7 A
Vo7 %R L CHEMEEIT- 72, O 1 FEE#% (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) Mz 735 A2 U o VAN LTz, 0%, HEIZY U720 BRV o, K
8 HHLUMK:IX, KAz SM 1 neuronal supplement % 272 BrainPhys Neuronal
medium(STEMCELL technologies, USA)IZ{&#4 L THs2 L 7=, 552 14 H H!Z Human
iPSC-derived mature astrocytes (XCL-1 mature astrocytes, AR-001-1V, XCell
Science) % 3.0x104 cells / well DFE CTHME Lo, BHIAZHUIL 4 A B & ERM %
To7=,

2-2-2 #HRASYECER

HAIE B OMALSEAEH A2, 37 °C . CO25% DEREL N T 24-well MEA system
(Presto; Alpha Med Scientific) 2 I\ T 20kHz ®% > 7'V > 7 L— K & 100Hz D/~A
INAT 4 VH TITo T,

2-2-3 EEHER

B 8 o b iPS Ml k=2 —a A = VA TV 2 X VRS RIRD T A
=Z hTdH 5 Kainic acid (0.1, 1, 10 M), NMDA # 7 )L % I VERSZ KD T S = A
K CdH 5 NMDA acid (0.1, 1, 10 M), iR v b= FRVARMEFERZAT
% Paroxetine (0.3,3,30 u M), GABAAZBFIKDT % I =X N TH 5 PTZ (10, 100,
1000 u M) . [FI U< GABAASZ BIRDT % T= A s T % Picrotoxin (0.1, 1, 10 u M) .
LARY) UZFIEOT T=A N ToH 5 Pilocarpine (0.3,3,30uM), RAKRT AT T
—BD7T % A=A FTéh D Theophylline (0.3,3,30u M), =2 F U ZHFEKOT =
Z N Td 5 Varenicline (0.3,3,30uM), T2 h=r « A7 RLF U U FEY AL
EVEM 243 % Venlafaxine (0.3,3,30u M), A4 A FZHKDOT I=2 N THY
o h=r VT RUF U ORI IAREEREN S A7 % Tramadol (0.3,3,30 1
M), EIMLFEFEPICEY CTRERIELZFISRIL Fry 77U b L7efbAE X (1, 10,
100 u M) | FEREFEMELAY) & L T Acetaminophen (1,10, 100 x M) . Ethylenediamine

(10,100, 1000 x M), Felbinac (1, 10,100 u M), & ToH 5 DMSO % Z i AHH

10
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b L. #5001 10 2o 0 B F&IE8) & 5iék L7,

224 ANAVBEEEUVRY bT—D /13— MEH

I — % 725 Mobius software % VT A 7 i T - 72, & EMOEEAIL
WOR—RAT A v ) 4 XOEHER%E + 530% DL LE 2 H D% A1 7 & LTH
H U7z, B L7z A0 75 =25, 4-step method % T network burst (NB) ™
R AAT > 7o AWFFETIL, 10 53D 2341 7 $adiaFn (Total spikes) . 10 77fij> NB
D% (No. of NBs), NB O#& THE 225k D NB D B4k £ TORF [ (Inter Burst
Interval : IBI). NB @i (Duration of NB), NB #AfJ|Z# ] S dv7= A %1 7 #(Spikes
ina NB). NB AND3 k#E D — 7 i (Max Frequency : MF) . MF 23 & v 7=
IR O MF 23 &5 £ TORFE (Inter MF Interval : IMFI) . MF OZ #1725k

(CVof MF), IMFI OZ#fE%%k (CVof IMFI) @ 9 SOfifli T A —412, KHFFET
FHICHEEE L= NB O B4 1818 & L 7= Periodicity 212 7= 10 EOfFEHNT /3T A —
Z TIlLEMEGREOMRER >y MU — 27 OJSE LI L7c, MF 1%, 10 23 OFHIKR- T
M X 31724 NB 75 bin size = 100 msec Z & DAL 7 HAEHH L, ZOH DK
WK AT LT TH D, ALK Y 72 0 @ spike 2L CToh 5729 frequency & L7z,
Bz X, 10 43MIC 10 o> NB Al s iz & &, 10 D NB ZRZHIC-o0 T, ki
REEEFRET 2, Z0 10 HOELFH LI D% MF & L, 3EHRBRT—X
DOIEHLIZ, % well @ vehicle & 5D 7 — 4% % 100% & L TITo Tz, fffT/N7 A —%
DM, Total Spikes. No.of NBs, Inter Burst Interval, Duration of NB, Spikesina
NB (T 4-step method ¥ 7 b7 = 7 CHH &, MF, CVof MF, IMFI, CV of IMFI,
Periodicity 1Z MATLAB THH 7=,

2-2-5 [EEATEARAT

R CIRBHEEAATH 2 LB THLILAWTH > ThH | BAFOMHT T A —X4
TIRZF OSBRI T2 Z ERWNEEZR Z L35 5, Fig. 2Aa 1358 LA W% 5K 46
By MU= 2B DRKGRINT —H T T AX—Tay MO X L
77 h(spikes/100msec) TH 5, KD A N T hhRdb L, LD XK S R/
TWOEHR DD, ZOLEDTAZ—Tay Nekhb &, BEOBEM TR X
LTSI ENGN5D, 2t NBEW)H VT AEEE N L THRER Yy NU—7 42
KA FEAC TR B9 D B T, TR v B U — 2 O REAOREEH RN A 7n & OF AT
DEBEREIETH D, Z ORBGECE Y O BARIFH 720 E 2 B RO T A — X
T& % No. of NBs Tilfi9~ % & Fig. 2C 1T7-T L 9128 BlbA RS, igstto
BN RARETH D, £ 2T, BEFOMHT /N7 XA — & TIXEtEom RN Th - 7ok
BB TH, HEIEFNRINEEZRET 272012, NB OE#IMEICE B LBz
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W8T A —X& ZRESE 7=, binsize=100msec = & DAL 7 HEHH L, & DRERS
7 —# % Fast Fourier Transform(FFT) 3 % = & CTHERED /T — AT MLz
L 7-(Fig. 2Ab), BEHENT7=TU—2_7 MO —Z7HD 10% 4 BEE LT, BiEx
1Bl 72 SRR AR R e 2 R RO R OB G A R T 5 2 & T Periodicity &
L 7=(Fig. 2B),

All frequency band
Dominant frequency band

Periodicity =

2-2-6 ERST I

FAB AL &4 Cd 5 Kainic acid, NMDA acid, Paroxetine, PTZ. Picrotoxin,
Pilocarpine, Theophylline, Varenicline, Venlafaxine, &#C& 5 DMSO. #FRaEH
{b&% & LT Tramadol, Acetaminophen, Ethylenediamine, Felbinac, {b&# X (12
DT, A= Mg L OEIMEMRITIC X > TH B D 10 B OMT /3T A — & %217
RY MVOEFIZHE DT RTO well OF — X 274752 HE LT, 968 D/ ~7
A—=L Y MTEVIRE SN T A =2 OFZH) H LTRSS 968 fHo
T2 72ATHNZ DN T, ZE 4 MATLAB O B4 pea & FHWTERRD 08T Lz, £k
IITIZEVEGND, B TR AT BIOE Fks A a7 IbEWE TEN &
DN RT A—F Ty F T EIZ MANOVA THREEL ., LT 5 DMSO 734t Bh
fbEMEZNENARBEEDRBD LNTZ/NT A—F &y M RBEEEORTIZA X
FA—HEy hE L, B LRI A =2ty M & BB EMER M OMEED 7212,
Tramadol, Acetaminophen, Ethylenediamine. Felbinac, &% X 122>\ C, #EHH
L7 T A—=21y N RAWEERS ST 2 E L, MANOVA THGEL 72,

12
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2-3 #ER

2-3-1 £ ~iPS#falEmERY FO—V(CETHERFHFHAE S UVERELE

bk iPS MR R v b U — 7128 DREA O IA|~DINE D70
IZ. MEA Eizb M iPS fiflafik=a—m 2% L (Fig. 1A,B), BRIEEZFHIIL
kﬁﬁaSN%%<%@%@&T5:&%T%&(EgﬂmP@JD@NMDA%E%
@%%é?ﬁb%ﬂﬁﬂ@’7‘25f~7°m v hEBANTTATHD AFETRTCOF ¥ R T
ARA TR SRS L3R, [N — 2 %%’%k@ﬁé%wﬁgﬁ&ﬁﬁ IEfELTWD Z
L@l (Fig 1D)O Fig. 1E (23— MENTIZEIT D 9 HOMENT /ST A — 2 %
AT, Ry MU= =2 MENTIZI T D 9 OfENT /3T A — % Ol % Table 1 (2R
7

2-3-2 BRI EDIEBE

BERN D (5 &%) T & % Pilocarpine IE No. of NBs TlLiE KA 7224 %
HT 22 ENTERY, LL, A —Try bR NI TLERBETLE, 2y
F =27 X—Z s OFEAEDRERFHIC EH LD Z Enpghro7- (Fig. 2A-a,b),
ZI T, Ay NU—I =R NOEIIEE E BT 5 kA L (Fig. 2B), ##
L L 72 AT 715 %2 H T Pilocarpine #& G-RD R v b U — 7 N — 2 kD WIMEE
Periodicity & U CER(L L7k R, IREMAFR 2O Z (b3 S, KT 10
u M BEFFZ 950% F T EA L= (Fig. 20),

2-3-3 EAMFEDELTHILEWIZH T BB/ A—2DEL

B OR AR RBT T A= Z ZRET D202, 10 EOFNT T A —F
Z T DMSO #5104 100% & L CHEARGRF g L7c e — b~ > 72 ARk L7z

(one way ANOVA, and Dunnett test, Fig. 3), EGIHELEWITNT IO/~
T A =X THERBEACDBD DT, ZO/RT A =X THE—MEIZR oo T-, K
AEDT=DIZHE L2 5% T D Acetaminophen IZB W TIZETD/NT A—HX T
BHE R ZEARITRD B R0 Tz,

2-3-4 EEEMDODRBICENG/NTA—42ty FOEH

BEOMHNTRT A—H BEBFET D02, 10 [HOfRNT /3T A —% 5 3 HLL LA
HEDETTED 968 MD/NT A —H ¥y NeZNENERD DI Lic, BFONTH
—EMSA T BIOE ERY A 3 TSRS EL A & DMSO O THEBRRS 5
3% MANOVA BRE THRAEZ TV, T X TORBEMELA Y & DMSO ICH B 2N
HITE/NT A—=H Ty N0 A 2 NT A —2ty M L TEM LI

13
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B, 22T A—Fty FREH ST (Table 2), 22 HD/8T A—H &> MMID
W, ifHT /8T A —2 O8HFIL TS B XL CV of IMFI 28 100.0% T b E <. KIZ
Periodicity 7% 86.4% Cii <. MF BX W IMFI & 50%LL LD/ RXT A —%% v N TEH
STz (Fig. 4),

2-3-5 EESMHORBIZEDGNSA—F 1y FZRAVERT T

BN H N /23T A—2 &y NTERAROE -7, TS, MF, IMFI, CV
of IMFI, Periodicity THipK XL 5 /3T A —& v b &2 W ERB 2T OfE R % Fig.

5127”73, DMSO & &R 5L S ORI, TIRE., miIREZNENDOE —Fm
AT B FERS A 3T 2 U2k, Kainic acid DIRREZBRS . X TORK
AL A OBIREICIB VT DMSO & A EZNRO L7z (one way MANOVA,
Table 3), FRGEHDEEGMLEY TdH 5D Tramadol, {LEY X ORREIZENTH
DMSO tHEZENRO LN, —T, Tﬁ?ﬁﬁﬁ@@ﬁﬂﬁ/‘\%‘@%é Acetaminophen,
Ethylenediamine, Felbinac i34 CO#E CTDMSO & HEZEITRO Lo T-, K

IZKLEMITBIT D8 —ES. B _FlR @—ﬁﬁ%‘%‘#‘%pﬂj\f\_o Kainic acid |
88.0%. NMDA acid % 89.2%. Paroxetine |3 77.3%. PTZ (% 81.1%. Picrotoxin /%
70.8%. Pilocarpine (% 82.5%. Theophylline |% 84.5%. Varenicline (% 83.4%,
Venlafaxine /% 87.2%. Acetaminophen |3 80.6%. Ethylenediamine /% 83.8%.
Felbinac 1% 76.0%. Tramadol I% 84.6%. {b&% X 13 80.5% (Fig.5) T 141{b&¥Hd
I 82.1% Th o7z,

14
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2-4 ER

AHFZETIE, £ MEA 2 27 A TEHll SN 7oMfe xR v B U — 27 OBKIEEICKIT D
BT N7 A —42 & LT NB OFEWIMEZ 51 & L7 Periodicity 24885 L7-, ERIKT
FF A AT D Z E NI TH HILEY D Pilocarpine(Marchi et al., 2007) 1%, FEfF
DFFNT/RT A — X TIEFDOIE R 5 Z & 0NKEETH - 7= 53 (Bradley, et al., 2018),
BB X Z A —% & LT Periodicity &+ 2 Z L IC L » THEKFZRICE 2 7F
925 2 EMAREL 7o 7o, Zhud, BEFOMMT /N7 A — 21X 1RO NB I H L7-fif
HroXo A—=20FE A ETHDDIZx L TEKosnik, et al., 2020; Plumbly, et al., 2019;
Robinette, et al., 2011; Tukker, et al., 2020a; Valdivia, et al., 2014). Periodicity /% 10
ORI RSB R BEE LT HZ LT, ZNETEHEH IN TW s TofifE Ry U
—Z BT LR EAMMEICER L2 L TRiEE o Te b BEZ BILD,

10 /NT A =2 T K DMRITHRE RO KREMELEMIZHONT 1 DOt/ ~T A —4
W& B L7eimE . MEBE OEV T K0 BfEhs BRI 2 B EE G b Hud, Bl
WD T D RIRGEEM S H Y | 1 DOfFHT/NT A — 2238 B L7200 Tlssg sk
DF—HZRFHIIIARFIEE TH D Z RSz, 2k, ERAATIThitTind MEA
AT DG AT TARAR R SR ORI R EE A~ T 7o TR ENC U T RIS EME TR
FREF T % FTRE & 3 DT FIEDHENL SN TV WEK D 1 D ThD EEXBILD,
H—DfffT /3T A — 2 29 57200 TIEH 2 HEiANETH D 2 &b, ks
IR T T AB =530 78 & DL BfRHT 2 ik~ U — 7 OBRIGE T — # 1 H
L7EZNETOWMETIH, HELIEHT NI A =22 TXTHERT 256, 213 &
HBOREWNFHT/NT A —=Z 28R AT 25G0E 1 @0 Offfi "7 A—4t&
v F OB THFI SN TV 5 (Gong, et al., 2016; Hyvirinen, et al., 2019; Mack, et al.,
2014; Mendis, et al., 2019; Passaro, et al., 2021; Tukker, et al., 2020b), {L&¥ D FHEM
T D DICHRE RN T A —=Z DIABEDENARIHATH L Z & FHEDORIVE
WX A =S N CRE CTH LN AHTH L Z N, Fil-eifl e o TN D,
AW CTHEEE L T 2R EMITEIIHE LTI " T A —2 23 X THEHT 25O Tidk
<\ 10 DT /ST X —Z DI S 968 18 Y DT A—H & v MR TIZHOW
TERDHI L AEBEOFBEZZERT HNTA—Fty NERBET LT FIEL - T
WD, MRS LT SR BTS2 -V T 9 T O G LS I BV T FEIKFRY 72
INE RN ATRE & § D8 — 7R/ T A —Z & v N EEH L7Z#5 %, Total Spikes, MF,
IMFI, CVof IMFI, Periodicity THiKX 415 /37 A—F & v PN EH Iz, FREED
T2 OIZHE LT ML 5% Cdh 5 Tramadol, /L&) X 12 W TH HEIKGFHI AL
ENBE IS, MIEOTZDICHE LML EY CTh 5 Acetaminophen |
Ethylenediamine, Felbinac (235 CTIZH EARAFHIZRIGE D R H ST, I E G LA
WD RHTHEKFHZRISEZ RN 2 2 LTk Lz, HE L 10 O/ 7 A —
Z T & T RS AT TIIKE RS E LS O A KIS E O EILFEBL L 72>
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ST Z LG BB TR L TALE DRI A ZR T 2T /37 A—2 &y N ERET
D fEHT FIE DA WD R S 47z,

10 [HORNT /R T A —H OGS AL EOMARHOE THER IS 968 i@ 0D D/RF
A=y NeZNENERD T 5HZ & TORBEFEEOMNIE RN 2T A—F &
v B L7, BH LI ANT A=y N TRHAINTW DTN T A — 2 i
% & CV of IMFI, Periodicity DEHENEN->Tc, TS HAIMEARE S L
TfEMTNT A—=Z T D Z b EEEEL THT 29 X2 L TRy NT—7
N—=Z2 FOHAIMENEE CTH L Z L BRBINT,

10 NI A=Z D — b~y T LERPAMEELZRT 52 LT, HLEMOEM
HHZF G L TCW DT N T A —& Z 589 5 Z £ 23 T& %, Kainic acid, NMDA acid,
Tramadol, Venlafaxine (£ TS, CV of IMFI % j8/) X+, Periodicity % L& X5 &
) 725 % 3 %5, Theophylline, Varenicline % MF. Periodicity % _E5F &t CV of
IMFI %/ S5 XK 95 72k 58 &H 3 5, Picrotoxin, Pilocarpine /% TS, CV of IMFI
0 4, MF, Periodicity % EH- S5 X 9 72K %H 3 5, Paroxetine |X TS,
CV of IMFI % S, MF % LRI L9 RR8E AT 5, PTZ 13 TS, MF,
IMFI %8/ S, Periodicity & E5- S 2 &5 a7 5, %< OREGIELE
PIZ>WNT, CVof IMFI #J8/) =, Periodicity & FH X825 X 5 % aH325 2
LG G AL e &IPS Milad k=2 — v o MEA GHEIZBW T, x> b
T — 7 N"—=Z2 OHAIMNE EHIEDL Z ERRBINT,

FER T T CIXRFET 5D 80% IR D EM T ETEET OB TH D,
AW CIXE — . 5 TR DA E AN TN 21T 120, £ ORETFHRITF
%) 82.1% Thole, H—ERI, B_EWDOHTEWRETERENGONTZZ LT,
AR TEP LT N T A —F 2y PEEEEORBICEE ThH -2 & 2T
fERE IR oT,

AW TN S U TR Lo ifIEEN A B8 % kX3 PTZ. Picrotoxin Dk
[EIEFE VT2 24 10pM., 0.1uM T 72, MEA % V=565 T3, £ | iPS
SeAdifE C© PTZ 2% 30uM, Picrotoxin 2% 0.1uM THIRRIEENZA B 722 % M IF T KR
JE L L TR &SI TE Y (Tukker, et al., 2020b), AHFZE & [RIFEE OREH CTHER Y
BRI TWD, —H T 7 v FEEMRTIL PTZ 725 100uM, Picrotoxin 7% 0.3uM
THRHEINLTEBY, WTFiubt b iPS MR L L TERWREEIZZR > TV D
(Tukker, et al., 2020b), ASHFIE & JCATHFZEIZEBVT, B b iPS BRI IC 2 % KT
TALEMDORERR—HLTHY | 7 v FEMRIZEEL KT TIRER & OERP R
HENTWD Z &b, b biPS HERIREZ IV 7 in vitro MREIEEH ORISR T E b &
n—7 2 b OFEEL R U FEERRER CIRE L 7o > TV D OB Z fifk 3 5 Fik
ThDHI ENTRBINT,

AWFFE T, EEFEEORT oy V2T 2baM a2 2L THY | "lRER
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FEOARIRE TN AIRE L 72 D L O X T A—Fty NEEM LT, LIzR> T, —i
DAEAEW)IE in vivo TR ZRELT 5 CSF BEE LD HIERWIEE CREE L TV H85E6 0
H5b, 7 v bOKEREBINFO Paroxetine ® CSF 1% 0.39uM TH v | 48] MEA C
KA AR L72 0.3 uM & —E LT\ 5, EENERTHRIETHREZRFE LW
BAEZ, T A—F Y NEEHT OO EORMIRENEE L 725, MEA G
BT MRy NU— 7 ~ORERE L in vivo (235175 CSF IREOMHEIZ B &7

T 2N DY | KEEEIERFICR T D, (LB CSF IREORENLEARF K TH

N
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2-5 $EiR

ARETIH LAY OFEIEFANROMEIZMIF T, & MPSHladk=2—nr > d MEA
R 2 O T R & R FTRE 2R AT R T A — & DS & SR BRATIE OGS AAT
STz, HRMRNT T A= L LT R U —2 1B 2 RN E M2 RE s L
7= Periodicity Z #5575 Z & T, BEFDOMHT /T A — 2 TIUISEL R T2 2 LN
BT o o I LA OIE BRI T 5 2 R FRE L 72 o T (LB OS2 AT
HRTA—=Fty NERET HEEEMTIEZE T 5 Z L T, Total Spikes, MF,
IMFI, CVof IMFI, Periodicity CHik S 415 /37 A —4% & v h BMEHEF O Brp 5%
AL A ORI 2R — SRR TH D 2 & & A L EGME LAt e
NiPS Mg k=2 —nr @O MEA FHlICEB W T, Ry N —27 X=X FOFHHIMEZ -
FIWEDH T ENRBI NI, AFEICE Y, B MIPSMifudk=2—r > MEA I
T, LAY OB EME AR FRETH D Z IR &Iz, ABFZECRIE LT LA D
JEi1X invivo @ CSFREDOEENA+TH D20, MEA IZBIT 288 EF v U —7
~DFZFBEIRE L in vivo IZB 1T AHENIREOMHBEEZ LT 5 2 & T, EMAEDOS
VY in vitro OB MERHIRNRFEE I H7EA 9, IVIVE ~DO7 7'a—F |35 3 =Tk
5o
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AWSDR
(spikes/sec)
o 8

Electrode

03 M ghhdd .
i BEEREY @
1M ¢ ‘L L ‘l . ~
FEEREELE 1) Total Spikes (TS) ® Max Frequency (MF)
- §"LLL Ll LAbhhLl \ @ No. of network bursts (No. of NBs) @ CV of MF
FEFERFEEEELEEE Inter Burst Interval (I1BI) Inter MF Interval (IMFI)
@ Duration of network burst (Duration) CV of IMFI

5 Spikes in a network burst (Spikes)

Figure 1 Spontaneous firing in human iPS cell-derived cortical neurons and analytical
parameters. (A) Immunofluorescent image of neurons cultured on microelectrode array (MEA)
at 35 days in vitro (35DIV), (B) Immunofluorescent images of neurons by B-Tubulin 111 (green),
synapses by Synaptophysin (red), cell nucleus by Hoechst (blue), and merged images at 35 days
in vitro (35DI1V), (C) Typical action potential waveform at the spontaneous activity measurement
at 8 weeks in vitro (8WIV), (D) Raster plots and histograms of detected spikes in administration

of NMDA acid, (E) Explanation of analytical parameters.
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A a B

200 J
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o Periodicity = ——————
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. g 3
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Il | \ | ioS'*""“'”’“'“”"\vMMm._ 10% of |
Peak power i i) |17 I
0.3 pM gt LU LALLM LN § B L a —
8“‘“"‘)‘“““‘”““‘ Dominant frequency band
20
1104 . l i l L l i l g All frequency band Frequency (Hz)
H FEEFETILREENE I J
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e 1000
3uM § DL Il I H B Periodicity
5 TEEES HEHY i o | o [J No. of NBs
E T B A b e ] 2 e
L1 sl ! . z
[ x 53
10 uM g--,“ il k“ UL 8 J )
t PREETELAEILIEY o i z5
@ 4 siiEEEEI2E ol N ] &3
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i o & % e 7 @ % &% %,
b b S e N A T A AN
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Figure 2 Periodic analysis of network bursts (NBs). (A) Periodicity of NB in administration
of pilocarpine, (a) Raster plots and histograms of detected spikes in administration of pilocarpine,
(b) Power spectrum of histograms, (B) Calculation method of periodicity, (C)No. of NBs and

periodicity in administration of pilocarpine.
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Figure 3 Heatmap of the analytical parameters of seizurogenic drugs and verification
compounds. Kainic acid (n = 3), NMDA acid (n = 4), paroxetine (n = 4), PTZ (n = 5), picrotoxin
(n = 4), pilocarpine (n = 4), theophylline (n = 4), varenicline (n = 3), venlafaxine (n = 3),
acetaminophen (n = 4), ethylenediamine (n = 3), felbinac (n = 4), tramadol (n =4), compound X

(n =7). One-way ANOVA followed by Dunnett's test, *p < 0.05, **p < 0.01 vs. DMSO (n = 6).
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Figure 4 Adoption rate of analytical parameters in effective parameter sets for detecting

seizure liability. n = 22 parameter sets.
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Figure 5 Scatter plots of principal component analysis (PCA) using effective parameter set
for detecting seizure liability. DMSO (blue), low concentration (yellow), middle concentration
(orange), high concentration (red). In seizurogenic drugs, DMSO and after administration are
clearly separated. In tramadol, a seizurogenic drug used for verification, DMSO and after
administration are clearly separated. In acetaminophen, a negative compound used for verification,
DMSO and after administration are not separated. (A) Kainic acid (nh = 3), (B) NMDA acid (n =
4), (C) Paroxetine (n = 4), (D) PTZ (n = 5), (E) Picrotoxin (n = 4), (F) Pilocarpine (n = 4), (G)
Theophylline (n = 4), (H) Varenicline (n = 3), () Venlafaxine (n = 3), (J) Acetaminophen (n = 4),
(K) Ethylenediamine (n = 3), (L) Felbinac (n = 4), (M) Tramadol (n = 4), (N) Compound X (n =
7).
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Table 1 Description of analytical parameters. 9 analytical parameters calculated by burst

analysis.

Analytical parameter

Description

Total spikes (TS)

The total number of spikes detected on all channels in 10 minutes.

No. of network bursts (No. of NBs)

The number of NBs in 10 minutes.

Inter burst interval (I1BI)

Average time from the end point of NB to the start point of the next NB.

Duration of network burst (Duration)

Average duration of NBs.

Spikes in a network burst (Spikes)

Average the number of spikes contained in an NB.

Max frequency (MF)

Average peak value of the histogram during an NB.

CV of MF

Coefficient of variance of MF.

Inter MF interval (IMFI)

Average time from the peak of NB to the peak of the next NB.

CV of IMFI

Coefficient of variance of IMFI.
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Table 2 Identified effective parameter sets for detecting seizure liability. Check marks indicate

the adopted parameters. Red: parameter set identified as most effective for detecting seizure

liability.
Adapted Parameter
Order TS  No.of NBs  IBI Duration  Spikes MF IMFI ~ CVof MF CV of IMFI Periodicity
1 v v v v v
2 v v v v
3 v v v v
4 v v v v
5 v v v v
6 v v v v
7 v v v v
8 v v v v v
9 v v v v v
10 v v v v v
11 v v v v v
12 v v v v v
13 v v v v v
14 v v v v v v
15 v v v v v v
16 v v v v v v
17 v v v v v v
18 v v v v v v
19 v v v v v v
20 v v v v v v v
21 v v v v v v v
22 v v v v v v v v

26



52 F ERRGY T & T RS L O R MR YA O B %

Table 3 Statistical analysis for PCA using effective parameter set for detecting seizure
liability. Kainic acid (n = 3), NMDA acid (n = 4), paroxetine (n = 4), PTZ (n = 5), picrotoxin (n

= 4), pilocarpine (n = 4), theophylline (n = 4), varenicline (n = 3), venlafaxine (n = 3), tramadol

(n = 4), acetaminophen (n = 4), ethylenediamine (n = 3), felbinac (n = 4), compound X (n = 7).
One-way MANOVA, *p < 0.050, **p < 0.010.

Concentration
(uM)
Drugs p value
0.1 1 10
Kainic acid **  p<0.010 * p=0.011 **  p<0.010
0.1 1 10
NMDA acid p=0.115 **  p<0.010 **  p<0.010
0.3 3 30
Paroxetine * p=0.014 **  p<0.010 **  p<0.010
10 100 1000
PTZ **  p<0.010 **  p<0.010 **  p<0.010
0.1 1 10
Picrotoxin **  p<0.010 **  p<0.010 **  p<0.010
0.3 3 30
Pilocarpine **  p<0.010 **  p<0.010 **  p<0.010
0.3 3 30
Theophylline **  p<0.010 **  p<0.010 **  p<0.010
0.3 3 30
Varenicline * p=0.011 **  p<0.010 **  p<0.010
0.3 3 30
Venlafaxine * p=0.020 **  p<0.010 **  p<0.010
0.3 3 30
Tramadol **  p<0.010 ¥t p<0.010 **  p<0.010
1 10 100
Acetaminophen p=0.882 p=0.286 p=0.094
10 100 1000
Ethylenediamine p=0.315 p=0.720 p=0.752
1 10 100
Felbinac p=0.230 p=0.177 p=0.267
1 10 100
Compound X p=0.306 * p=0.024 ¥ p<0.010
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Table 4 Principal component loadings for PCA using effective parameter set for detecting
seizure liability. Kainic acid (n = 3), NMDA acid (n = 4), paroxetine (n = 4), PTZ (n = 95),
picrotoxin (n = 4), pilocarpine (n = 4), theophylline (n = 4), varenicline (n = 3), venlafaxine (n =
3), tramadol (n = 4), acetaminophen (n = 4), ethylenediamine (n = 3), felbinac (n = 4), compound
X (m=7).

Principal component loadings

PC1 PC2
Drugs TS MF IMFI  CV of IMFI Periodicity TS MF IMFI  CVof IMFI Periodicity
Kainic acid -0.54 -046  0.05 -049 051 -0.10 0.35 0.92 0.04 0.16
NMDA acid -050 -044 -045 -0.37 047 0.07 0.55 0.27 -0.75 0.26
Paroxetine -0.54 0.58 0.38 -047  0.01 0.40 0.22 0.51 0.22 0.69
PTZ -041 -049 -045 -042 047 0.82 -0.01  -0.02 -0.18 0.54
Picrotoxin -0.16 0.51 0.47 -0.54 045 0.80 0.30 0.33 0.41 0.10
Pilocarpine -0.26 0.51 0.46 -0.53 043 0.80 0.42 -0.01 0.27 0.34
Theophylline -0.42 0.39 0.50 -0.47 0.6 0.64 0.65 0.18 0.32 0.17
Varenicline -0.39 0.42 0.52 -051 0.38 0.56 -0.22 -0.05 -0.06 0.80
Venlafaxine -0.36 0.06 0.47 -0.60  0.53 0.59 0.73 0.29 0.10 0.17
Tramadol -0.47 0.20 0.46 -0.56  0.46 -042 -076 -0.39 0.03 0.31
Acetaminophen 0.45 0.48 -0.48 0.20 0.55 0.15 -0.45 -0.18 0.84 -0.19
Ethylenediamine  0.51 0.39 -040 -046 047 0.20 0.59 0.62 0.42 0.23
Felbinac -0.34 0.21 0.60 0.59 0.35 0.66 0.74 0.02 0.01 0.13
Compound X 0.54 054 -042 -042 -025 -010 -026 -049 -0.40 0.72
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FI3E EXADER ) R FHEEDFE L IVIVE OIREE

3-1 i

%2 ETCIE, B b IPS MR R » b U —2 @O MEA FHNIC I T 2 IO
B % ATRE & 9 BT 5. D £ ¥ invitro (BT HALAWRHIIC W Tk, BER
THim L7e Lo C, AETOBRMERBIREZ THIT 2 72912i%, MEA I 548
By MU — 7 ~OEFBIEE L in vivo 28175 CSF EBEOFEIZ I S 5058
NDH, RETIL, AFFEOFETH D in vitro MEA 57— % |2 X 5 BE I G O R w1k
T & AERICRT DRI BIRFO CSF R 2 i+ 5 Z L2 L % IVIVE OB AIZE
T DRREEDFE R AR~ D,

ZAVE T MEA & ApRIE A W T2 kR % b B Rl 23 F 98 ST & 7223, MEA G
BNz 3 1T DA OFM T IEIIE BN OfEHT /X7 A —ZITHH > T\ b, EOfFFT /T A —
HANZEALDSTRD LTz HEMEZR DO, EORREDOEED O B2 OB BRI ED &
NTWRWZ ERRETH D, F7z, it MEA FHll CI3Mla ofEEEIC L 0 E
DL Z T HEENEH D ALEW & EMECTHN T 2 I3 O EZ T R L9 7
RN FIENLETH D,

MEA & iiiia 2 O AL SR Tk, ARICBIT 2 BHEHREAFFE TE RN T
ENEBERFETH DH, MEA 1T X o TR S 7= i O 1R B (L ERIC BT 5
FHERBEZ KM L TOWDIDEARHATH D, KV AR TOBRMERBRE 2 NS 5720
(21, MEA GHNCE T 2R v U —27 ~OZFEIEE & in vivo (21T DAMENE
FEEOAR A S2M2 L, IVIVE OBLS A2 REET 2 LENR S 5,

AMFFETIE EF MBI BT 2 LM TR EROMNIRIEIZR VL K 572 in
vitro MFRISRE DM RMESE A HAY & Lz, MEA FHANC X » TR Dz kIS8 7 — &
POEBEDEBZ BRIV ATRE /2 X T A — 22y FEEH L, BRSO T, o
P RAA IR & LT Y 27 LR ET 5 Z & T, MEA GHIICEH T 2166
DR EEAER X ONABE O R BNk DR 23 A 7o, £72, B M iPSflfafk==
—n & W MEA GHINC X 2B ORE Y 2 75l & B FERICL 5T v I T
RE B L OVEBRIENBIE SN L &0 CSF WEEOMRAZF L. MEA il <k
Y 27 PR SN R & CSF WIRE Z i35 Z & T IVIVE O# S & FEE L7,
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3-2 Ak
3-2-1 £ MiPSHREEAERE=1—AOVDEE

Glutamatergic neurons, GABAergic neurons, Astrocyte (SynFire Co-Culture Kit,
Neucyte Inc.) % 7 : 3 : 35 DOWLFE TR A L., 8.0x10° cells/em? O % £ T
Polyethyleneimine (Sigma) & Laminin-511 (Nippil) % =2 —7 4 > 7 L7= 24-well
MEA plates (Comfort; Alpha Med Scientific) |Z @3.4mm DA F AV 7 &M LT
BHEAIT o7, D 1 FFl# 12 Neural Maturation basal medium (NM-001-BM 100,
XCell Science) {Z neuron maturation supplement A (NM-001-SA100, XCell Science)
& 100U/ml @ penicillin/streptomycin (168-23191, Wako) % Il x 7= 5514 U o 7 4}k
WM LTz, 20k, EEICY 7 200 Rz, $FERFIZIE Seeding Medium % 5 H
L. £5# 1~6 H BHIZ Short-Term Medium Z{£f L, 3% 7 H HLAF%IX Long-Term
Medium (SynFire Complete Media Kit, Neucyte Inc.)ZfEH L7-, Bizc#L 3 HE
B AT T,

3-2-2 HHREsECERk

24-well MEA system (Presto; Alpha Med Scientific) 2 I\ T 37°C . CO25% D
BT CHRBEE 250k LT, 20kHz O > 7V 7 L— KT 100Hz D/~A /XA T 4 )L
4 % W CRIBRAN L & Fidk L7z,

3-2-3 EEHER

B3 5 oe b iPS il k=2 —u it h Y AT ¥ XL T a v —0D 4-
aminopyridine (4-AP, 0.3, 1, 3, 10, 30 uM), 77/ V'V RIKOT X =2 N THh
% Aminophylline (100, 300, 1000, 3000 uM), / /L= R7 U - R—s33 VELY iAA
HERS X O=aF o7 eFral USB/RT % 2 =2 ~® Bupropion (3, 10 pM),
tu b= D AARILERITH 5 Paroxetine (0.1, 0.3, 1, 3 uM), GABAASZEAKD T
v A A=A FTH D PTZ (30, 100, 300, 1000, 3000 uM)I3 L Of Picrotoxin (0.1, 0.3, 1,
3, 10 uyM), AAB YV T EF LY UZRFET T=A h® Pilocarpine (3, 10, 30,
100, 300, 1000 uM), 7'V v v Z /KD T % T=A s T 5 Strychnine (0.03, 0.1,
0.3,1,3uM), /L= x7VUr-tr h="FHRYIAHREER O Tramadol (3, 10, 30,
100, 300 uM) £ L Ot Venlafaxine (3, 10, 30 uM) ., 3E# @b A% & L T
Acetaminophen (1, 3, 10, 30, 100, 300 uM), Amoxicillin (1, 8, 10, 30, 100, 300 uM),
Aspirin (1, 8, 10, 30, 100, 300 uM), & TdH % DMSO (0.2, 0.3, 0.4, 0.5, 0.6, 0.7 %)
XN ENREREG L, 581 15 /3o B RIEE 250k LT,
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3-2-4 ANAIVBEEIURY D —0/1\—X ME

I — % 725 Mobius software % VT A 7 i T - 72, & EMOIEEAIL
WOR—RAT A v ) 4 XOEHER%E + 530% DL LE 2 H D& A1 7 & LTH
H U7z, B L7z A0 75 =25, 4-step method % T network burst (NB) ™
R 21T > 7o, ARAFZETIE, 15 3D A 341 7 8 O#Fn (Total spikes) . 15 43> NB
D# (No. of NBs), IBI. Duration of NB, Spikesin an NB, MF, IMFI, CV of IBI,
CV of Duration, CV of Spikes, CV of MF, CV of IMFI, Periodicity, Duration @Y
IPL#iPH (Duration IQR)ZHH L7z, ERERT — % OIESLIX, & well D vehicle
BHEREDOT — 4 % 100% & L TIT o 72,

3-2-5 EWMD D

WIECd % DMSO IZ2W T, Xy N =7 =2 METIZL > THLLD 14 O
FRNT/NT A =B HAT_ T DIV DBERIZH DT RXTOD well OF — & ZW~7475 %2 HE
L7z, 16369 D /NT A =&ty MRV ERESIIFT T A =2 DFzH ) LT
HERL S D 16369 D 72721752 >W T, T2 MATLAB OB% pea % AT
TR UTce ERDAITICRVEOND . B—FWD A a7 B LU T A
ATUEEMTERN D D0 E/NT A—F &y N T LI MANOVA THEEL, fEET
&% DMSO IZHREMTHEZENBO bNRWANT A—=F 1y N Lz, EHL
TeRTA—=F¥Ey N ERDAMEEZMFEH LT, 4-AP, Aminophylline, Bupropion,
Paroxetine, PTZ . Picrotoxin, Pilocarpine, Strychnine, Tramadol . Venlafaxine,
Acetaminophen., Amoxicillin, Aspirin O T o4T % FEhe L 7=,

3-2-6 =B R 5T

ERS O VRSN A LAYM DTS A 27 %2 DMSO OfEHE(RZE (SD)#
LIS 2 2 LT AR OB ) X 7 & ERIICEHE L2, BRRIZIZ, DMSO @
SD #EPHAIIAL Y 27| SD #FHAAOSE1FH Y 27 28D fElHsMIE ) A7 LEFL
T 22T TV R7 | LIMEEWOREF RO AREMNE 2 BT %,
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3-3 #R

3-3-1 £ ~iPS HiRAEEMER Y FT—V 1B TS5 BRFHHAS L VEERE

t bk iPS MfEHE SRR v b U — 71281 DEEE OB ILK| ~DINE D T2
\Z. MEA Ei2k kiPS fiffafik==—o o283 L (Fig. 1A). BREE A2 L
fER. SN EELIEE 2325 2 &3 CT& 7= (Fig. 1B), Fig. 1C I3 4-AP 5D H
HIEENFH DT AL —T 1y hEE AN TATHDHAIETXITOFT v > RV TAN
A7 B S5 &I, R A= FREKOREF DB HERFIICELL TS Z &R
#zzxh (Fig. 1C). Total spikes & No. of NBs ([ZIEEKFHNCH EZEZNRD b7z
(Fig. 1D),

3-3-2 ERAFDELGHILEMI BT EBT/INTA—2DEIL

AR DRI A NIRRT T A — 2 ZFRET D702, 14 [HOfFHT /T XA —4
Z VT DMSO %52 100% & L CHARGRF L i L7zt — b~y 72 Ell LTz

(one way ANOVA, and Dunnett test, Fig. 2), Table 1 |[Zfif#T/3T A — & O#HK
wR . KB EAWIINT IO /ST A — 2 TEEREDBD bn, £
D/RT A =2 T — TR b o 1o, KRG L O DMSO IZB W TH A
BREERRD Hz7®, DMSO WINC K 2B ERET H-ODNRT A —F 2iE
HT2MENHDHZ & PRI T,

3-3-3 DMSO D E ZRET 2 XA AIZE 1T 5L EYEE

DMSO D¥EBZRET HIODNRT A =Ly NERET HZHIZ, one-way
MANOVA T DMSO O&REIZIIT D5 —Frr & 8 E 2tk L7z (Table 2),
DMSO D& EETHEEANRD bILRWWIZ A =2ty M) DMSO O % kRET
DIDITHRN I NT A=y b & UTHRE LR, TS, CV of IMFI, Duration IQR
DT A=Fty MRS, BHINTEA"T A=y e ERDAME
(Table 3) Z{# f] L T.4-AP, Aminophylline, Bupropion, Paroxetine, PTZ . Picrotoxin,
Pilocarpine, Strychnine, Tramadol . Venlafaxine, Acetaminophen, Amoxicillin,
Aspirin O FER%53 08T % 3k L7=, Fig. 3 |2 DMSO O ARET H7-OITH 783
7 A=ty FTHEM LI TR ORI RE ™, KA % DMSO @ SD #il# &
Wigd 2 2 LT ALB ORI Y 2 7 2 E BENCEHE L 72, BRRIZIE, DMSO @ SD
PPN Y 27 SD S OGA IR Y X7 28D #iPHAMNIE Y A7 LEFR LT

3-3-4 \tEYDEER") X
Fig. 4 IZ5AbA W DR U 2 7 FAROD 723 D ER Ay o T B 2w, KOS (L A9
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IXIRFEARATIZ DMSO o SD i H & M3 28k T3 BlE S 7o pd, IR L&Y
X DMSO @ SD #iHIZ & EF D1 Blg Sz, Fig. 5 (% SD #iHNZ{KY X7
(F).SD#iHsI 2 Y 27 (B 7)) 28D#iMNEm Y 27 (R & L CHEEHE L
b O Y A7 Gl % £ L7 f R 2R L T\D, 4AP ® U 2713 1 uM THiH
EX, U AZITBRERGFICENLZ, 72740200 227131000 pM THiH S
Nic, 77 A 0 273 3uM Tt S i, U A7 ITRERMFNTHEM LTz, ~
X EF DY X713 0.3uM TR S, U A7 ITRERFOISHEM Lz, PTZDY
A 7131000 uM THH S4v, U A7 ITREKRFEICHEM Lz, 27 e hF oDl X
71301 M THRHH S, Eab e rol 27, 10~100 uM 3 L1000 uM T
sz, AN F=—xOU A7 T 3uM T s, NI~ R—nLDY RA7X
30 uM THH &, U AZIRRERTFICEM L, XTI 77X 0OV A7 3
uM TR S, U A7 I XRERFICEM U, BRI EE CIRRERBEML T,
U A7 OEINEHE &z oiz,

3-3-5 IVIVE MO#&:E

7 v M EAWTZE ERD) B1G O NIk L OYEEERFO CSFIREE & . MEA TR
U A7 BB SN REZ i+ 5 2 & ¢, IVIVEOBLS CHFEE i L7=, Table 4
XEAL A ORI O CSFILEE , O CSFIE A L UOMEA TR U 2 7 3 H &
NTEREZRLTWD, 1ZEAEDILEWITHONT, CSFRE - MEA TR 2 7 3
B SR EORICHE 22 TR bR ho Tz, Er e i, MEAT2O0E
FER ORI Y R 7 3 ST, S D10 pMIZCSFIE FE D #926.61%1K < L 27 H 1000
uMIZCSFI I WFER L 7o o 72, MEATA b U F=—3x0¥E#Y 27 M &z
REEIT, CSFIEE LV H15~30fEm\W R & 72 5 7=, Fig. 6ICMEAIZEIT DIEi#E Y 27
MR & CSFIRE OMBEX 2 R~d, 4-AP, 7/ 74V, NaxtF o PTZ, h
T~ R UIFIRE PO CSFIRE & R L~V DJRFE TR Y 27 2T 5 Z LT
2o 77HREA B/ by BRIy RUT T 7 x U ULREEEO CSF
R X VARVRE TR Y X7 2T 5 2 LN TE 7, KERFOCSFIRE & g7 5%
EABNYF=—RPSOILEWIICSFIRE L 0 HARVVREE TR Y 27 2+ 25 2
LINTET,
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34 EX

ZHET MEA & ifiiia 2 7o bk % 7o b B R 2398 S T & 7253 (Bradley
et al. 2018; Bradley and Strock 2019; Gerber et al. 2021; Kosnik et al. 2020; Nicolas
et al. 2014; Strickland et al. 2018; Tukker et al. 2020a; Tukker et al. 2018; Valdivia
etal. 2014), KV KR TORFEFRBIRE L KIS 572 0121E, MEA GHLZIS T 244
ARy N T — 7 ~DOZEEERE L in vivo ([T DIMENIRE OB A I M2 T D 3
& - 7= (Tukker and Westerink 2021), A2 Tk MEA (235 2{b& W DR AR M
ZRIRIZ LT, PEROFHE AL L i U TNT A= EETICE LT, fatfEiTic o
<, &0 BARmyZpm e R HEA 5 1T 7o, 72, MEA GHIICHEH L 7eABbEIZ DN T,
Y FERRIC LY T v b TR L OSEIEER B Shic & & D CSF WIREZi& L.
MEA FHl TR RSB SN RE L CSF WIRELZ KT 52 & T, Z0ME%
622 LT,

AWFZeCER L7t b iPS Ml k=2 —o o Tld, ORI Xk A 28R
SNn7=(Fig. 2), MfHEO MEA FHAICITMiaOFEREIC X W IR0 2L Z T 5546
73 & % (McConnell et al. 2012; Strickland et al. 2018), (LA DOFRE Y A 7 % IEfEIC
T DI TR DB A B FR < B 8 5 2 TSI D 5EBE )N fie b SR S V72 VOVRHT
INT A= B DIMBE DT E 14737 A —Z DT X TOMAA DT 163691 22HEH L
7= (Table 3), EH L7 /NT A —Z A L7c FR 0TI T, B CR K
TN B R B3RO b olo 2 L (Table 2), 2B D/8T A — 2 & L
Te ER i TR OB 2 S T TIHL A M ORI A FEREATRETH D Z & AVRE N
7

ek D MEA FHIZ 31T 26 & ORI T IEIZfENT /37 A —ZHIZB > TR, ED
FEHT /ST A —ZIZEALDRD BTz GEER DD, EOREDOFEEN L FHIE2 O RN A
REIZE ® BTV 2o 72 (Bradley et al. 2018; Bradley and Strock 2019; Gerber et
al. 2021; Tukker et al. 2020a; Tukker et al. 2018), AHWFZETiL, EEEDOEE LRI L
e B AT W T, IRIEOEERZEZ IR L LI ) 2 7 O FEEFGHFHZ5%E L.
{bE&W ORI % £ L7z, £ 2> Th s Acetaminophen, Amoxicillin, Aspirin
(Breier et al. 2008)IJRE M E5H U CHRBEOERERFZANICE £ v iel) (Fig. 4), F&i#
VR B END Z ERhot=Z Enn (Fig. 5). A fTREME D PERR S 75
MAETHD Z LR SN, o, Hx RERET 263 2 3 5 & Mmicoun
T, WO LED b IR ERAARNE OB R A bl L (Fig. 4), KEY 2 773
FRATLIBERENEONTZZ LD (Fig. 5). ARRMED ATREMEDSHERR S U2 FHli 1L CTh
LT EHRBEEINT, S HIT, T O LA Y TR U R 7 D3RR S AVICIREE
L in vivo @ CSF WIRE % b7 5 & . 4-AP, Aminophylline, Paroxetine, PTZ,
Tramadol (XiREkRFD CSF JRJE &R L ~)LCR# Y 27 Z & L. Bupropion,
Picrotoxin, Pilocarpine, Venlafaxine (3#EHkRFD CSF R L D AR R TRt U 2
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7 & L7z (Table 4), % 31ERFD CSF IR & Ltbifg9 % & Strychnine DA DA
WNECSFIRE LFRL-VLLF TR Y A7 2 T[T 5 ENTE T2 b (Fig.
6). in vivo I[ZBW TR NBH T HIEE L in vitro IZBWTEBERN KT HEE
PR —ET 2 Z BRI,

MEA ##lic3 T, Pilocarpine (£ 10-100 uM & 1000 pM @ 2 BefE TRt ) 2 7
N Sz (Fig. 5), ZivE THAA Sz MEA FHAICE T % Pilocarpine O FE X
0.3-100 uM FEETH v | (KIRE & @iRE TS B2 5556 03 & 5 (Tukker et al.
2020a; Tukker et al. 2020b), AMFIE THHA L 7= &85> CSF JREEIL 656 uM ThH 1 |
BELLB—FLTWDZ ENnD, MEA IZET % Pilocarpine 1000 uM D F BRI 73
invivo (BT AHRBMEFHE L WD EEZBND, — T, invivo TIFIEKRAFE
5720 10-100 pM (2O T, MEA FHUITRSE U 2 7 253 H S 7= 2 &1, in vivo
TIIHEZ D Z L N TERVIBERN RS Y 27 2 MEA FHIIC X - TR X b5 AlkE
P2 R L TV D,

MEA 28T, Strychnine i3 3 uM TER U 27 Nk S 7 (Fig. 5), A
KD CSF IR 0.21 uM Th 0 | HEBYEVRE TORERE Y X 7 fj & 72> 7=, MEA
FHCH1T D Strychnine IRIKFDOZ A4 —7 vy h « B A N T LEfERTDHE, 3
uM I TR AN—Z "IEKOBEEN EH L TV 252, 5-10min TrED R/ N— A& 3§
KBEEIZ R > Tz (Fig. 7). Z AU, Strychnine IRINC X5 = = — v > OIFEIZE{L)
WINE% O OHRTHEND Z 2R LTS, 0.03-1 uM OKIRETIX 3 uM &
g LT, S BICEMBEOIEEZETH D Z ENFEZX LML, FHARFRRNIZTEEIZE
{ERBO LT, Y 27 PR SN Z ERRBRIND, Tukker H DO
TiE, & MiPSHIlEH k=2 —nr > ® MEA FHAlIZE VT, 0.3 uM T Strychnine (Z &
DBE IR RD HIVTW DM, FEED /T XA —% DA TH Y (Tukker et al. 2020b),
AR L FETH D, £7-. 0.3-3 uM TITBEE 2 Z(LRFRD BN D /3T A — X N )
LTCEL, KBEFTORIGCHAELEETHDZ b, A5 L [FERIC Strychnine (2
X D FEWIR OTEBVZ(LZ R 2 DIV TV RWATEEMEDN & 5, ABFSE T L 7oL &Lish
IZH MEA FHEIZ R WT, BI02> & 7 E O IR R T O ZMEEN LD B DL G DT
TET B AREMEIE 0128 2 B b, A%  MEA B L 2L EWREHm OB eIz T
{bEWIRINE A X 2 7 L EHAR I 2 WRGET DR B L 7R D725 9

AWFFECrE, B M IPS MR K= = — v > & Az MEA GHAC X Db & ok )
R FHlE S L, FOFER A T~ b CSF IR & tbigd 2 Z & T IVIVE O# S % K
REL72 (Fig. 6), b & Ty FORAEDOBNNDL, AR THIULE MIEITDH CSF iR
FEL BT 2O E LW, B MIBIT 8GO CSF REF#RA 155 DI
HTh D, BIRERNZ L1Z, b M iPSHldik=2—r & Hv 7z MEA GHIC L0 &
Y27 BRHSNTALEVORE L~V L Ty N TRERIENBEL LT2LEM D
CSF EEIIMa—E L Tz, &Y 27 PRHISNTREE LB Lo T
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EEMZONTIE, B FE Ty FOFEZENRKM SV TV D A[REMED YD 0 | AWFZE T3
L7 MEA FHANZ X b & oRcst ) 2 7 FMEIIFEZE DS Rk S D FTREMEDS & 5.
IVIVE O#lAk L OFEZOBLRZ LV EEICHEET 511X, 7 N CSFIRE, 7> b
MR = 2 — 2 v/ MEA RHILL 5 XU b iPS MilaHk == — v 2 v/
MEA Gl 3 SO FEREZ DR TR DOE LM ERVLHETH 5,

EIMPAFE IR T 5L AMRHMIIIEE R TR TH 0 | FEDOBLE) DEW FEBRITAR
T 5t PHRMIER Y N T —2 Z W2 in vitro MFRIEEE A FRIE & L7 B BRE O
MEN KD BTN D, In vitro FHFEEERE 2 FHI FTRE 72 3% O H T H MEA & {7z
WFFEDNTAE I AAATDOILTE Y MEA ~OWIFFE L& W, ABFFE CHEi L=t + iPS
AR =2 —r 2 Hz MEA GHIIC L 2b&3EHmiX. 7 » b TRk - 858 E
D3FEBL L7 BRD CSF R & bl L7453, IVIVE OBLE b b AR 727 iR TH 5 2
EDPRIB I T, TR EMELISMC B 2T 5 &, MEA GHANZ X5 & |k iPS Hifd
S ARIE & F D T2 DB R R 23 5 S AL TV D, D EEMEREITIE MEA RICESE L7
bk iPS e R DR 2 B DEREREE 2 lE T 5 2 & T QT IER it T& 2, MEA
MU CESE L 7L & 0.0t Y X 7 TN T 84.2%DIEMEMENG bz 2 & %0,
t N DOBSMEATEIRY 227 AT H5{bEW% in vitro TIEFEICTHIL, & MEK L in
vitro #Hi-R DFHBIMEN FHRES NIZ Z ENME SN TV D, ZNHOHEZ B &I 2022
FENS ICH OHA K74 02, #Hii=i MEA 5112 /=& b iPS AR R DR &
e MOASIZ LD QT IEEFHG2Y Q&A & L GBS, AR TEME L7 ~iPS
AfH k= = —r >0 MEA #HllZ2 WAL ERHIETEIX. in vivo & in vitro 3%
OMBENRED HND VA7 TR ARETH 72 Z L0 d | EIRELBIZE D LIS H A~ 7=
B EBRORE RV GLFHMIR E LTHEHTH 5,
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3-5 faim

ARE T, BIHMHAFEICE T 2 2oL CEW EBROMRIEICRVEL X972 in
vitro fFREERE DO FEMARESE 2 HD & L7, MEA BHINC X » T O - mhiig s 7 — &
OO ZFRINAIRE72 N T A —Z 2y FAEH L, ERSSITICB W T, BiEo
EERAZ IR L LTS 27 OREZRET S Z & T, MEA GHNZB T H1ba
DOFHEEER X ONAIE OB 3 o iR 2 ik L7, 72, & MiPSHilad k== —
1 % e MEA GHANE K 2 (b &R ) X 75l & B FEBRIC K 5T v F TR
BRI L OVEBRIENBIZR SN2 & 2 CSF WIREOFHE A L L, MEA 51| TRt
U227 Bkt SR L CSF WIRE A kT %5 Z & C IVIVE OBLRARGEET 2 =
& T, in vitro OEMFHNT in vivo EFHRO & DY 2 7 T FRETH H Z & 3
RIE X7z, InvitroMEA assessment (23317 2 DO EW, LA OREAE Y 2 7 SR
EL L TA%ROEMIEFCE 5,
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Figure 1 Spontaneous firing in human iPS cell-derived neurons. (A)Phase contrast of neurons
cultured on a microelectrode array (MEA) at 5 weeks in vitro (5WI1V). (B) Typical action potential
waveform of the spontaneous activity measurement at 5 WIV. (C) Raster plot of spikes and array-
wide spike detection rate (AWSDR) for 15 min cumulative administration of 4-aminopyridine (4-
AP). (D) Total spikes and No. of network bursts (NBs) in cumulative administration of 4-AP (n

=6, one-way ANOVA and Dunnett’s test, *p < 0.05, **p < 0.01 vs. 0 uM).
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Figure 2 Heatmap of the

analytical parameters of seizurogenic drugs and negative

compounds. (A) Seizurogenic drugs, 4-AP (n = 6), aminophylline (n = 6), bupropion (n = 6),

paroxetine (n=6), PTZ (n =7), picrotoxin (n = 8), pilocarpine (n = 6), strychnine (n = 6), tramadol

(n = 6), venlafaxine (n = 6), (B) Negative compounds, acetaminophen (n = 6), amoxicillin (n =

6), aspirin (n = 6), DMSO (n = 6). One-way ANOVA followed by Dunnett's test, *p < 0.05, **p

< 0.01 vs. vehicle.
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O o0 3
2 Over Ave =2SD
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© Picrotoxin O Aspirin
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Figure 3 Scatter plots of principal component analysis (PCA) using effective parameter set
for remove the effects of DMSO. By comparing each testing compounds with the standard
deviation (SD) of DMSO, we predicted seizure liability in quantitatively scale. Low risk for lower
than SD range (blue), medium risk for 2xSD (red), and high risk for over 2xSD. Centroid plots of
PC1 and PC2 each concentrations of compounds. 4-AP (n = 6), aminophylline (n = 6), bupropion
(n=6), paroxetine (n = 6), PTZ (n =7), picrotoxin (n = 8), pilocarpine (n = 6), strychnine (n = 6),
tramadol (n = 6), venlafaxine (n = 6), acetaminophen (n = 6), amoxicillin (n = 6), aspirin (n = 6),

DMSO (n = 6).
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Figure 4 Scatter plots of PCA for seizure liability risk assessment with the SD of DMSO.

Low risk for lower than SD range (blue), medium risk for 2xSD (red), and high risk for over 2xSD.
Centroid plots of PC1 and PC2 each concentrations of compounds. (A) 4-AP (0.3, 1, 3, 10, 30
UM, n = 6), (B) aminophylline (100, 300, 1000, 3000 uM, n = 6), (C) bupropion (3, 10 uM, n =
6), (D) paroxetine (0.1, 0.3, 1, 3 UM, n = 6), (E) PTZ (30, 100, 300, 1000, 3000 puM, n = 7), (F)
picrotoxin (0.1, 0.3, 1, 3, 10 uM, n = 8), (G) pilocarpine (3, 10, 30, 100, 300, 1000 uM, n = 6),

(H) strychnine (0.03, 0.1, 0.3, 1, 3 uM, n = 6), (I) tramadol (3, 10, 30, 100, 300 uM, n = 6), (J)
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venlafaxine (3, 10, 30 uM, n = 6), (K) acetaminophen (1, 3, 10, 30, 100, 300 uM, n = 6), (L)
amoxicillin (1, 3, 10, 30, 100, 300 uM, n = 6), (M) aspirin (1, 3, 10, 30, 100, 300 uM, n = 6), (N)

DMSO (0.2, 0.3, 0.4, 0.5, 0.6, 0.7%, n = 6).
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Figure 5 Seizure liability risk assessment with the SD of DMSO. Results of seizure liability
risk assessment by PCA. Low risk (blue), middle risk (pink), high risk (red). 4-AP (I: 0.3 uM, II:
1 uM, OI: 3 uM, IV: 10 pM, V: 30 uM), aminophylline (I: 100 uM, II: 300 uM, III: 1000 puM,
IV: 3000 uM), bupropion (I: 3 uM, II: 10 uM, III: 30 pM), paroxetine (I: 0.1 uM, II: 0.3 pM, III:
1 uM, IV: 3 uM, V: 10 uM), PTZ (I: 30 uM, II: 100 puM, III: 300 uM, IV: 1000 uM, V: 3000
uM), picrotoxin (I: 0.1 pM, II: 0.3 uM, III: 1 uM, IV: 3 uM, V: 10 pM), pilocarpine (I: 3 uM, II:
10 uM, II: 30 pM, IV: 100 pM, V: 300 uM, VI: 1000 uM), strychnine (I: 0.03 uM, II: 0.1 uM,
II: 0.3 uM, IV: 1 uM, V: 3 uM), tramadol (I: 3 uM, II: 10 uM, II: 30 uM, IV: 100 uM, V: 300
uM), venlafaxine (I: 3 pM, II: 10 pM, III: 30 uM, IV: 100 pM), acetaminophen (I: 1 uM, II: 3
puM, III: 10 uM, IV: 30 uM, V: 100 uM, VI: 300 uM), amoxicillin (I: 1 uM, II: 3 pM, III: 10 pM,
IV: 30 uM, V: 100 uM, VI: 300 uM), aspirin (I: 1 pM, II: 3 uM, 1II: 10 uM, IV: 30 uM, V: 100

uM, VI: 300 uM), DMSO (I: 0.2%, 1I: 0.3%, I1I: 0.4%, IV: 0.5%, V: 0.6%, VI: 0.7%).
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Figure 6 Verification of extrapolation from in vitro to in vivo. Correlation between seizure
liability risk-detected concentrations in MEA experiments and CSF concentrations. The red line
indicates the concentration ratio. At 0.3-3, MEA and CSF are at same level concentration. (A)
Correlation between seizure liability risk-detected concentrations in MEA experiments and rat
CSF concentrations during tremor. (B) Correlation between seizure liability risk-detected

concentrations in MEA experiments and rat CSF concentrations during convulsion.
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Figure 7 Strychnine responses in human iPS cell-derived neurons. Raster plot of spikes and

array-wide spike detection rate (AWSDR) for 15 min cumulative administration of strychnine.
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Table 1 Description of analytical parameters.

14 analytical parameters calculated by burst analysis.

Analytical parameter

Description

Total spikes (TS)

The total number of spikes detected on all channels in 15 minutes.

No. of network bursts (No. of NBs)

The number of network bursts in 15 minutes.

Inter burst interval (IBI)

Average time from the end point of network burst to the start point of the next network burst.

Duration of network burst (Duration)

Average duration of network burst.

Spikes in a network burst (Spikes)

Average the number of spikes contained in a network burst.

Max frequency (MF)

Average peak value of the histogram during a network burst.

Inter MF interval (IMFI)

Average time from the peak of network burst to the peak of the next network burst.

CVofiBI Coefficient of variance of IBI.

CV of Duration Coefficient of variance of Duration.

CV of Spikes Coefficient of variance of Spikes.

CV of MF Coefficient of variance of MF.

CV of IMFI Coefficient of variance of IMFI.

Periodicity The periodicity of the neural network activity in measurement time of all.
Duration IQR Interquartile range of network burst duration.
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Table 2 Statistical analysis for PCA using effective parameter set for remove the effects of
DMSO. DMSO had not significant differences between each concentration. DMSO 0.2% (n = 6),
0.3% (n=6), 0.4% (n =6), 0.5% (n =6), 0.6% (n =6), DMSO 0.7% (n = 6). One-way MANOVA,

*p < 0.05, **p < 0.01.

vs. DMSO 0.2% vs. DMSO 0.3%  vs. DMSO 0.4%  vs. DMSO 0.5% vs. DMSO 0.6% vs. DMSO 0.7%

p value p value p value p value p value p value
DMSO 0.2% — p=0.51 p=0.99 p=0.98 p=10.86 p=0.99
DMSO 0.3% p=051 — p=0.73 p=0.73 p=0.97 p=0.73
DMSO 0.4% p=0.99 p=0.73 — p=0.99 p=0.88 p=0.99
DMSO 0.5% p=0.98 p=0.73 p=0.99 — p=0.91 p=0.99
DMSO 0.6% p=0.86 p=0.97 p=0.88 p=0.91 — p=0.89
DMSO 0.7% p=0.99 p=0.73 p=0.99 p=0.99 p=0.89 —
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Table 3 Principal component loadings.

TS, CV of IMFI, and Duration IQR were effective parameter set for remove the effects of DMSO.

Principal component loadings

TS CV of IMFI Duration IQR

PC1 -0.60 0.60 0.53

PC2 0.38 -0.37 0.85
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Table 4 Comparison of in vivo rat cerebrospinal fluid concentrations and in vitro seizure

liability risk-detected concentrations.

Tremor Convulsion MEA
Drugs

CSF (1M)  CSF (UM) (M)
4-AP 2.12 513 1
Aminophylline 605.02 1570.83 1000
Bupropion 12.41 29.84 3
Paroxetine 0.21 0.39 0.3
PTZ 468.26 705.65 1000
Picrotoxin 0.35 0.61 0.1
Pilocarpine 266 656 10, 1000
Strychnine 0.10 0.21 3
Tramadol 42.14 56.95 30
Venlafaxine 12.58 95.46 3
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A & UTHEMRREMED in vitro BRI T 204 X U AR EmR SN TR Y . #ED
in vitro Bk & A5 5 in vitro testing battery D& x N EA ST\ 5,

ABFZETIE, ALFE O a3 1T 2 B FER 2 RO % in vitro ARERTE

D1oL LT, MEAGHNZ LD E b iPS == —u > & W 7o iR gt sk O &
HiVE L7z, MEAGHIIC K 056N 5 EXRAEMTFR/NT A —F 20t L,
N L D mRIEYE DR ER A4 K L 5 2 & T ALEMIRINC L 2R 22 ph RaE
~DOEEER LIz, BEMOEELEME MEA (21T 2O B Ext i & LT,
b F~OMREFEMEDORFEN A+ Th 2 BEBEEEM D b b~ DR EHME A REET
52 &T, REMEMEYTE b~OMREEDPEOOND Z L 2R LT, £z, B3
DIERETFZ > L b MT DT A—=FZMH L=l atiricky . 7eFray
Y A7 7 —EHE, GABAA &KL, Na F v /L opener To 5 RIDZ N E i
72 2 RO 2RI SR S v, TERBRFHEE DN FTRECTd D 2 & ZoR Lo, AWFFETHE
fii L7= MEA FHENC X D &k iPS == —n 2B DA dEtEt kit v Mot
THREOBEEZFMET 2 HEE LTHMTH Y, BiFERERET 2LFWED in
vitro MR EEMERERIED 1 D& L THIfF SN D,
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4-2 Bk
4-2-1 & b iPS MldpRE = = — 1 o DR

Glutamatergic neurons, GABAergic neurons, Astrocyte (SynFire Co-Culture Kit,
Neucyte Inc) % 7 : 3 : 35 OWETERE L. 80X 105 cellskem2 @ % & T
Polyethyleneimine (Sigma) & Laminin-511 (Nippid) % =2 —7 4 > 7 L7= 24-well
MEA plates (Comfort; Alpha Med Scientific) |2 ¢ 3.4mm DA F AV 7 ZFH L T
BHEAIT o7, D 1 FFl]# 12 Neural Maturation basal medium (NM-001-BM 100,
XCell Science) {Z neuron maturation supplement A (NM-001-SA100, XCell Science)
& 100U/ml @ penicillin/streptomycin (168-23191, Wako) Z# Il 2 7= 55 & U > 7 40T
WLz, 0%, EEIZY 720 R e, $REERHZIEL Seeding Medium % fifi
L. 5% 1~6 H HiZ Short-Term Medium Z{#f L. 5% 7 H BH LKL Long-Term
Medium (SynFire Complete Media Kit, Neucyte Inc.) ZfEH L7-, HHizc#iL 3 HE
B EIT T,

4-2-2 HARESYECER

24-well MEA system (Maestro; Axion Inc.)Z HW\ T 37 ° C . CO25% DEEE T
BB 2 5i8k L=, 20kHz O% > 7V 7 L — KT 100Hz D/ NA /XA T 4 )V 5 % H
W CRRRA N RN 2 Fedk L T2,

4-2-3 ZEHHER

EESEOE MPSHEMAK=a—a Y VAT v T 8 v —D 4-AP (0.3,
1, 3, 10, 30 uM). GABAA ZEKDT % A=A hT&H 5 PTZ (30, 100, 300, 1000,
3000 pM)FE L O Picrotoxin (0.1, 0.3, 1, 3, 10 uM), LA BV T EF L al U5
K7 = =2 k® Pilocarpine (0.3, 1, 3, 10, 30 uM), 7V ¥ I VEEZERIKT T=A bD
Kainic acid (0.03, 0.1, 0.3, 1, 3 uM), JE& 244 & L T Acetaminophen (1, 3, 10,
30, 100 uM)., EHBIE LA P IL Acetamiprid, Clothianidin, Aldicarb, Carbaryl,
Fipronil, Deildrin, Lindane, Cypermethrin, Deltamethrin, Permethrin, Fenamidone,
Tributyltin #%i1%%1 0.01, 0.1, 1, 10, 100 uM, & TH %5 DMSO (0.2, 0.3, 0.4, 0.5,
0.6 %) & ZNZENRFERE L, &5Ri1t% 156 M0 BIEIEB A4 Fik L7z,

4-2-4 RANNAVBREBEURY FT—D/\—X MET
FHMT— % 225 Mobius software ZHWTA A 7 T 72, K EBEMOIEEMA L

HMOR—AT A v ) 4 XOEHR + 530%DMIE%E LS 6 0% A8, 7 & LT
HL72, B L7Z A 75— 275 4-step method % VT network burst (NB) ™D
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R ZAT > 7cs AWFFETIEL, 16 53D A 341 7 $ediaFn (Total spikes) . 15 77fij> NB
D#%% (No.of NBs), IBI, Duration of NB, Spikesin an NB, MF, IMFI, CV of MF,
CV of IMFI Z#i i U7, IR T — ¥ OIEHbIE, % well @ vehicle & 505 —
2% 100% & L TITo 72,

4-2-5 XA D

AHETH D DMSO IZ2W T, F v U —27 "= MENFIZ X > TH LN D 9 [HOfiE
WX A—=B %477 FILOBEHZIZE DT RTD well DF —&Z W ~_72175%HE L
72o 1013 HD/RXT A =&t v MLV IEESIIZfFHT /N7 A —2 DOFIEZ ) H L CHE
S5 1018 B OF7= 72175 ON T, 22 MATLAB OB%k pea & W CERL
ST LTce ERGAIICE0ELND, B —FEWRAa7BLOHE __FlinAa7
ALEWRI CEND 203 E /3T A =2y T &IZ MANOVA THGEL, B TH 5
DMSO IZHREM THREENBD LNRWWRT A —F ¥y N LTz,

4-2-6 =) R Hf

TR L WV EH ENT-BCEMD TR A 27 %2 DMSO OIEHEFE (SD)#
DAL Hl 5 2 & T AL RESE Y 2 7 2 E '3 Hh L=, BARmIZIZ,. DMSO @
SD &N Y 227 . SD &S OEAIZH Y 27 28D &SI E Y 27 L EFRL
77 22T YR LIHMbAEYOREEFHRO A REM 2 B 5,
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4-3 $ER

4-3-1 BEFEELCEYDRBICK DB/ A—2DZEIL

OB N2 G /3T A —2 ZRIET DT, IMEOIENT/NT A —& %
T DMSO #5F% 100% & L CTHEAR G L i L7zt — b~ v 7 Z2fEk L7z (one
way ANOVA, and Dunnett test, Fig. 1), FEEGHHECEIINT DO ST A —
A CHE 72238 i, & <IZ Total spikes. No. of NBs 23 K & < Hil Lf:o e
fEt b & L OV DMSO 128 W T H 2 LR Hv7- 72, DMSO Wz X 5 8%
BRETDIODONT A—=228NT20ENHDH 2 ERRBERII, Eﬁ%@@ﬂﬁé\%ﬁ‘i
RAB AL G & Hel U TR Tld & 2 25 | IREEAFN 2 BUGR DG /3T A —Z 12BN T
s, £7o, R C/EA¥F 249 5 Acetamiprid & Cloathianidin, Aldicarb &
Carbaryl, Fipronil & Dieldrin & Lindane, 3 X O Cypermethrin & Deltamethrin
& Permethrin |, £ ZIFEEED SOCHED TR D BT,

4-3-2 REBELLGHOEMN) XV 5T

DMSO DY ZRET HI-HOD/NRT A=K ¥y }‘ ZIRET D29, one-way
MANOVA T DMSO ORI T 25— F oy TRy Z g L7z, DMSO @
BIRE CTHEZEPROONRWAT A—F I\?ﬁ) DMSO D aRET HT7-OIhH
Nig/RT A=Ky b LTHRE LR, Spikes in an NB, MF, CV of MF, CV of
IMFI D87 A—=%+%y bNEHEN, BHENTATA=F Yy b EERDANE
ZEH L CE R 0T 2 S L7z,

Fig. 2 IZ&bEWOENE Y A 7 ZHID 72D D ERGy T Rz~ 1, G LAY
(TR EARAFAYIZ DMSO @ SD #ilH & i3 DAk 13 BLES S 7o s, St b &%
I3 DMSO @ SD #iiZ & & F D+ Bl Slc, Fio. BRI EWI 3 51
bEW & el LTI N E WD WL o REERTEAL A4 & R B A7 IZ DMSO @
SD #iH2 H @M Dk 723 BlEt S ivi-, Fig. 3 13X SD #ifHNZIKY 227 (F)., SD &
PSR E R Y 27 (B 7)), 28D #2227 (R & L TEELRE L, fké\%@
MY 27 Gl 2 i L R A2 R LTV D, 4-AP U 227X 0.3 uM THiH S4.
U 27 3B FERAFAZ N L 7=, Kainic acid ® U 2713 0.03 pM THH Sh, U 22
IR ERAFANCEIN L7z, PTZ U A7 1% 300 uM T &, U A 7 3B ER RIS
L7, Picrotoxin ® U A7 (% 0.1 uM THiHi Z# 7=, Pilocarpine ® U X 7% 0.3
uM TR S 4L, U A7 ITRERAFRICEEIN Lz, U LAY CIRRES ML TH,
UA 7 OHEMIIHE S o ic, REREMAGYIT Acetamiprid 75 100 pM,
Clothianidin 7% 100 pM, Aldicarb 7% 0.1 uM, Carbaryl 7% 1 uM, Fipronil 75 10 uM,
Deildrin 7% 10 pM, Lindane 7° 0.01 uM, Cypermethrin 7% 1 uM, Deltamethrin 75 0.1
uM, Permethrin 73 1 uM, Fenamidone 2% 1 uM, Tributyltin 2% 1 uM T#EPEY 2 7 23
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o4 B REBEE LA OmEIE Y 2 7 G

B En7-,

4-3-3 REBEEILEYDIEREFIHETE

SRR AL A DOIERE T I AE RN T A =2y FERRET HT2DIT, one-
way MANOVA TRHEFEEMICRIT 55— 1o &8 —Eama i L7z, [ CAE
M 267 2 BEEELEMRICAEZEZRRD bR WRT A—21 v N HEHE
P T D7 OICAN T A=ty & LTHRE LR, Spikes in an NB,
MF O/RF A =2ty FREHENT, BHINZNRT A=y b ERSAMEL
FERLCEMRDOEFEm L (Fig. 4), =2V U RILEW TH S Acetamiprid,
Clothianidin, Carbaryl (FZ/b3/ha < BRI TO LE FIZER LT, GABAA X
FARFHE CT&H 5 Fipronil, Deildrin, i3/ FIZ K& < L7, Na 7+ */L opener Th
% Cypermethrin, Deltamethrin 13/ Bz k& &K LT,

WA, AEFRSFHEE N FRE CTH DD ERAET D 72012, /XT A—Xt v FOEHITIX
LTV ESREE L &% & L T Aldicarb, Lindane, Permethrin ® %5754 %
Fehin U, Jeilk o R L &) & i 5 2 & TER T 2 HEE L7, Aldicarb (=
VRIEAEY & LT, Acetamiprid, Clothianidin, Carbaryl & [RIEEDOZ8 %R L. 1EFHE
FHEENRIEE T -7, Lindane (X GABAA Z&KFHZE & LT, Fipronil, Deildrin &
kDAL Z R L, VERSFHEE S I BE T > 7=, Permethrin |% Na & v 1/l opener
& L C., Cypermethrin, Permethrin & [0 2 bz~ L, {ERAMEFHEE N FRETH -
7o
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4-4 ER

ARETIX, # 3 BT L bEWRHhE D EHS LS~ OIS 2 RS 5 728
W2, REEE A E X —7 >y e L TEMEY X7 5MiE e L7z,

AHFZETIL, BHDO b h~OMREE L RETT 272012, b PSS Mildfk==—n
> ® MEA GHANZ L0 BEOMIEEI~DEELZFM L7, MEA 7 —# ) bHEHE
NTCEKAEBFRNT A—Z DFERD T 5 2 & THBNEEI~ O E 25 L . BEZn
DI BN L DAPRRIEEN A~ DB L i+ 5 2 & T, WS OO EIEIZ L 508
PIREN~ DR BIESEGMA LA E RS TH DL Z LW aive, £z, BEOERKT
EHo bl BT DT A= B L2 ERG0HTIC L0 | RIEOERFHEE % i
Sflic, 7EFal) X7 7 —EHE, GABAA &K E. Na F ¥ 1/l opener
Th 5 EIEDZNE IR DR 72 S E DR S v, BIEOIERTFHEE DS FTRE T dh
HZ ENRINT,

MEA ZHINC K 268l Tl Mla OFEEIC & > TR OB A 21T 5 Z &
Wb, ZOMRIZENTHE MPSMlafk=a—r %7 % DMSO ORINC X
HAREEI OB LB STz (Fig. 1), L7zd3> T, LA L D RIGEN~ D522
Z IEMEICRHI T 2 72 O12iE, RN L 2220 bR MERH H, T OREE fF
T 2720 9 EOFFHT /T A —Z I BUSIEO B2 HEFR U 72 3-m 23 /] BE 72 fifAT -~ 2
A—=Z OMBGOE LR LT (Tabled), ZiLH DT XA —Z Al LT ERGr o
TIE DMSO |2 X 2 A BRIRERFMEOZITBE S NT, WO L2 T TIbE
M OFHIA AIRE & 72 o T2,

Acetamiprid, Clothianidin (x4 =2F /A NIZETAHRETHY, =aF M7
vFLa) UZFIROT T=A N ThHD (Brownetal 2016; Tan et al. 2007), 14 =
aF A RiFERAE L TARSHBEHINTHEY (Jeschke et al. 2011; Casida and
Durkin 2013). WFLIEDOZ RT3 U THHIBFMENMELS 725 L 9 IZ&EF STV 5

(Tomizawa et al. 2000; Casida 2018), BlHFZEIZENTEH, 7y ML d A==
F ) A RAOMENR SN TS, WL O0OBFZE T ILEICN T 2 34 =aF
A4 ROZENREITEY (Abou-Donia et al. 2008; Gibbons et al. 2015; Burke et al.
2018; Berheim et al. 2019; Thompson et al. 2020), & F®D = 2 —1 (Zx}7 520
FCFHEE N TV ARNEER D, E P =R Iv=a—mrzflnvzCaf A—T
TNy TF 7T T O TIE 100 pM @ Acetamiprid & Clothianidin & & 5 52283
WE S TnD (Loser et al. 2021), A2 Tl Acetamiprid, Clothianidin & %12
100 pM TS Fel Ze PR FEME DS R S A7z, JEATHIFZE & — B3 2 IR B Il il 2o phidiE e s
R STz 2 &G ARIFZECHENE L7 MEA IZ5 1) 2 miHMli e A =aF /7 A
FOe MES~OBHFHMENAIRETH Y | XA =aF /4 Rt MPRRIZK L TEtts
BT 52 E0NRENTz,
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Aldicarb, Carbaryl [Z 7 — A — MNIETHREETHY, 2V A7 T7—FHE
FITH %, Carbaryl (2 & DAEKOME, L ~IZB T D= 22T 7 —RIEEDE#
IARRELTEY (Herretal 2010), b M 2HENHDITFHMES L TR ES
25, 7 v NEEMREO MEA GO TIE 1 uM 205 10 uM @ Carbaryl 12 & U %
KBEEESA U, =3 A — M XD MRIEEI~ DB ]S ST\ 5 (Mack et al.
2014), AHFZETIE 1 uM LA LD Carbaryl Tl 72 fiE M~ DB M &, 100
uM THRK E Xy T =7 N—=Z FNEER LT, AT e —8B a2 Ot it S
ZEMD, AWFETER L7 MEA 2B 2@l T — S A= MNZET 52l
Y AT 7 —EBHFAIO MRS OBFHERHMIAFRETH VD ZBFE LTER SN D
Y AT 7 —EBHEFANE MRICK L TEERE AT D 2 ARSI,

Dieldrin, Lindane [3A#ERRICET O2RETHY . GABAAZEKOT 2 =
ARTHD, Fipronil 17 ==L ET7 V= VIZETHEIFETHY . 72U < GABAA %
RIEDOT A=A NTH D, 7 v hDinvivo FEEROWIZE Tid Lindane 12 X 5 GABAA
SZREOMFEIZLY, 22— U ORKENEINT L 2 L TRIEZGIESE T2 & 03#
HIN TS (Vucevié et al. 2008), FE##e> MEA FHAIO#FZE Tl Lindane 25 %
v NI — I {EE LS D Z E WA I TS (Mack et al. 2014; Wallace et al.
2015), ¥£7-. PBPK E7 /L% {iH L 7= Lindane DR/EFHFRIRE DR TIL, & b & T
v NOFIEFRIBENFLIL T D Z EnlESNTEY, S HIT, in vitro MEA @
R E MTEIT D in vivo HEISZ KL TWDH Z L Z/RLTWS (Croom et al.
2015), AWFZEICEBN TS, [ DI L1 o Lindane (2 K % @RI 22 ppkiE it~ B8
DR SN2 EnD | ARIFETHE L7z MEA 281 2 i B Rl TR Al & LT
RIS GABAA AR T 2 T=Z2 FOt MIE~OBEMFHMIAFIRETH D Z &
DR ST,

Cypermethrin, Deltamethrin, Permethrin [ZE L A0 A RIZETHEETHY |
Na R/l opener CThH5H, EL A A FNIEL N U OFEICHEKESWTREF S
BB RAITH Y | fLFHEE & FEEROBEWIZLY 2 20X A FITHBEI .
Cypermethrin, Deltamethrin (& Type-2, Permethrin (% Type-1l IZ/0H S 5

(Soderlund et al. 2002), 7 v b REMH#ED MEA FH#llOMF5E TlX, Cypermethrin,
Deltamethrin, Permethrin # 5% 6 DD L 21 A RIZxT 5 IS 23ISR L.
RIREE CHOKBARE, N— A MEEZ EH S8, BIRE TR S 2084 B L TaET
HTEEWELTWD, 61T, ZOREIT Type-l LA A RE G LT, Type-2
LA, ROENREIVBITHDLZ EHH BT TS (Baskar and Murthy
2018), ABFEDOE L AmA R T 5 b iPS =2 —m U OREICBW TS, (KIRE
THKBE, N—A MHAEL LA S8, ®SRE CHD SEL/HEPEDO HIL. S HIT,
Type-l LA A K& Type2 B AuA ROBURMES —EH LT\, JBITigE L —#
T OMRIEVED R ST 2 L b | AWFFECIENE L 72 MEA IZ3817 2 ik s thEatli <
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Bl z2uA FOE MES~OBEINA PR TH Y, B LA m A R RIS LT
BEEETH I ENRENT,

FRA AT L0 BRI E 2 FE R LR T, 7 Fral) X7
—EHE ., GABAA 5K E ., Na 7 ¢ */L opener Th D 3D Z 1 E 72 D R
BRI E DR S, BREOIERFHEE N ARETH 5 Z L AVR ST, ElyAf =
B, GABAA R KMMEERH AT 2L 5% TlX Spikes in an NB O£ kL Y & MF
DEALENPKEZ L, Na F ¥ %/ opener CiL MF OZ&{t LV ¢ Spikes in an NB D%
EEPRKRENE WS RFEEZ BT Z LR TE, ZRLHDNRT A—=ZEONT A bE
MOVERFE RIS TWD Z ERRBE N, — T, 7eFval) Ui/ KT 2
=ARETEFNAY 2 RT T =PILER TRERO RS2 7R L7z 2 & 3B,
TETFNaY 2R T T —EREAEINLGETTETF LY COENRE L, TETF L
Y URFRET I A N EARRO S D EORBIES N EBE X LND,

Z DRFZEZIZN K D DHIRA B 5, MEA (2 X 2 SRR ClLBREKR G 217> 7228,
MRAREMEZ BRIRE T3 A A2 F v XNV OPUSIER RS SN LAV TIE, B
FERGE2RET DLEND 5, AFFEICB O TH, LA T DINEIZN K SO
W D0H LIV LA L DI F e fRIE M55 2 B 2 T 5 ITITEr R
TEDHLANTE o, BEKEGIIANL—T  hESEL, 2 A MEHIRT 2 &0 9 FIlR
WD, 1220, T 2B OREABE L9 A TEBTL2MLE N H D, £,
ZOWETIZRONTBDICEM DB 2T T LTz, 4% OMETIE, L0 2 < OfED
b EHET DNEND D,

bt MiPS Mk == —m > MEA GHANC X 0 | BAROAREIRE) ~D 528 2 2 L
TofE R BEA ORG-S K D WRRIEEI ~ DB L T 52 & T, W< 20D
SR L D MREER ~ DB B M LG L RS TH D Z LA RENT, £2. B
HOERAKFTFZ o L bMT DT A= 2l L= ERymoiric kv, BIEOEM
HFHEE AR LR, 7 Fral) o257 5 —P%E, GABAA ZAAE. Na
F ¥ /L opener Td 5 EIKD Z I E VI 2RI 72 IR E DR S v, BIROIERE
FFHEEMNAIRECTH D Z LRSIz, AW CIHME L7 MEAGHIIC L A FiPS ==
— B R D MR A T e MR IS D BE OB EFHME T 5 HikE LT
B THY . BERZ NS HEWE O in vitro M EMRBRIED 1 oL L CHiIFE
Ihb,
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4-5 #E:m

ARE T, BFE LIAb B WRHIE D EIE L LIS OL G~ DB IEOMGEE B & L
T, BRI LEMAE X —7 v M Uiz FEhi L7z, & N iPS Hifa b e pfig A L
BEIEE G E G4 5 2 LT, B REREEME Y OERIBET G U Re D ifkE
O LN STz, £72, & M IPS Mg R R v MU — 27128 1T HEKEHET
WIS E ZFREE & L2 B AT I K 2 BB L S OFE Y A 7 5F Al 2 S fi L 72 %G
H WO RIERELEMIC B W T HIRERFNREFEY 27 0 ERBBE ST,
S HIT, REREEWOIEMET P EICAEN RN T A=y N8BT 252 LT,
SRR EA L A OVERREF 2 HEE+ 5 2 L ITRE Lz, ARFZE TRV MR » b U —
7 DEKEHFINEE & ZE BNTIEEZMAGDE D 6T, INETEML TEXE
S DM Y 27 P20 TidZe < BEEEMEMOFIR & L TUSHARETH D &
EZ B, AR TR LIALAWEHIED & 572 5 5l G OJERICHIFF T& 5,
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Cuncensation (M) Comentration (M) ‘nn |m ‘o3| 1 ‘ 3 | Canventratinn (i) Cuncentration (M)
Total Spkes Total Spikes Total Spikes Total Spikes
No. of Nis No. of Nis No. of NBs No. of NHs
= ™ = | m
2 ‘z
A IDuracon = Duwawn N Duraton S Duavon
< ] = H
-+ Spikes in an NB. £ Spikes inan NB. -9 Spikes inan NB £ Spikes inan NB
G .2
Max Frequeney W | Max Frequency M Frequeney B | MaxFroquaney
nae nE1 nEl M
CV of Max Frequency C¥ of Max Frcquency OV of Max Froquency €V 0 Max Frequency
CV oI TMFT CV ol IMFT OV of IWFT OV ol T
Concenuntion () 01 1 Concenuation {ph) Coneenadinn (%)
Total Spkes Total Spikes Tolal Spikes
No. of NBs = | Moo No. of NIs
@
& | m = = | m w1
g = o
B | Duwon E | Dwawn & | Dwawon
= = -
S | spksnmng E | sprcsnasms sl o] = | somcsmannn
- & =]
= o
-5 Max Frequency ) Max Frequency Ll A Max Frequeney:
il < o il T T T T T -
o
CV o Max Freguency CF ol Max Treguency O oM Troquency 0% 100% 200%
oo ovorm TT 1] [oom vs. vehicle
Concearation (b} no1 01 1|10 |0 Concenration () 0o1f 01| 1| 10|00 Concentration (ub) oo o] 1| 0] e Concentratim (M) vorfol| 110 o0
Toral Spikes R 0 I "ol Spikes + Tatal Spikes . [ e Total Spikes A
No. of NBs vl . - No. afNHs No. ofNBs. B No. of NBs
Z'E m v e e e [=)| E |[wr mr . | m
= 2 =
=, = - = 4
= | Duation - E | Duaton e e f= o =] ® | Dunion & | Duaiin "
£ 2 2 8
= Spikes in an NI = Spikes in an NI i == Spikes inan NI ; Sphies man NB s | s s
151 = = 1
é Max Vrequensy =| T | Mesrwaay = Max Frequaney o Max Fregueney -
Bk C ‘ L O ML MEL . IMEL
CV of Max Frequency ©V of Max Frequency ©V of Max Frequency €V of Max Froqueney
CV of TVIFT ‘ . CV of IVFT OV of IMFT i - €V of IMET
Coneentation (b} oo 01 1|10 ‘ mul Concentration (M) os1 (01| 1| 10|00 Coneenraton (ub) oon o] 1| 0w Concentratem (uM) 001 f o] 1 10 e
Tot Spikes * - Taml Spikes L R I Toml Spikes Total Spikes e | e
No.of NTis No of NTis * No of NI No ofNTs
™ o ™ o [ ™ B 2 [m e | 4n
£ = g =]
E | bwun S | Dusin s | v | 2| Dwain 2 | pusin =
_— = = g
] Spikes in an NB B | spkeshanng L Spikes inan NI = sphes fan NB wn
=} = = 5]
Max Frequency Max Frequency LAl - Max Frequency = Max Frequeney *
na - nara - B ik - it B
CV ofMax Frequency CV ofMax Froquency OV of Max Froqueney €V of Max Froquency
CV I TMFT CV ol TMFT OV ol TWFT OV orMFT
Concenuntion (M) 0o 01 1 | 10|00 Concenuation (M) 001 (01| 1 | 10|00 Coneenraci (uh) oot 01| 1| 10100 Caneentratin (M) o1 o] 1 10 [1ee
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Figure 1 Heatmap of the analytical parameters of seizurogenic drugs and pesticides. (A)
Seizurogenic drugs and negative compounds, 4-AP (n = 6), kainic acid (n = 6), PTZ (n = 6),
picrotoxin (n = 6), pilocarpine (n = 7), acetaminophen (n = 8), DMSO (n = 6), (B) pesticides,

acetamiprid (n = 6), clothianidin (n = 6), aldicarb (n = 6), carbaryl (n = 6), dieldrin (n = 6), fipronil

(n
(n

6), lindane (n = 6), fenamidone (n = 6), cypermethrin (n = 6), deltamethrin (n = 6), permethrin

6), tributyltin (n = 6). One-way ANOVA followed by Dunnett's test, *p < 0.05, **p < 0.01

vs. vehicle.
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A 4 Em o HESEZAED A == | =7
4w RIEEEL A O Y X 7 P
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Figure 2 Scatter plots of PCA for toxicity risk assessment with the SD of DMSO.
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Low risk for lower than SD range (blue), medium risk for 2xSD (red), and high risk for over
2xSD. Centroid plots of PC1 and PC2 each concentrations of compounds. (A) 4-AP, (B) kainic
acid, (C) PTZ, (D) picrotoxin, (E) pilocarpine, (F) acetaminophen, (G) DMSO, (H)
acetamiprid, (I) clothianidin, (J) aldicarb, (K) carbaryl, (L) fipronil, (M) deildrin, (N)
lindane, (O) cypermethrin, (P) deltamethrin, (Q) permethrin, (R) fenamidone, (S)
tributyltin.
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Concentration Concentration (uM)
| Il m | v (v 0.01 |01 | 1 10 | 100
DMSO Acetamiprid
Acetaminophen Clothianidin
4-AP Aldicarb
Kainic acid Carbaryl
PTZ Fipronil
Picrotoxin Deildrin
Pilocarpine Lindane
B Lowrisk [] Middle risk [l High risk Cypermethrin
B disappear of NB Deltame thrin
Permethrin
Fenamidone
Tributyltin

Figure 3 Toxicity risk assessment with the SD of DMSO. Results of toxicity risk assessment

by PCA. Low risk (blue), middle risk (pink), high risk (red). DMSO (0.2, 0.3, 0.4, 0.5, 0.6 %),

acetoaminophen (I: 1 uM, II: 3 puM, III: 10 uM, IV: 30 uM, V: 100 uM), 4-AP (I: 0.3 uM, II: 1

uM, III: 3 uM, IV: 10 uM, V: 30 uM), kainic acid (I: 0.03 uM, II: 0.1 uM, III: 0.3 pM, IV: 1 uM,
V:3 uM), PTZ (I: 30 uM, II: 100 pM, III: 300 uM, IV: 1000 pM, V: 3000 uM), picrotoxin (I:
0.1 uM, II: 0.3 uM, III: 1 pM, IV: 3 uM, V: 10 uM), pilocarpine (I: 0.3 pM, II: 1 pM, III: 3 uM,

IV: 10 M, V: 30 pM).
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Figure 4 Scatter plots of PCA for predicting mechanism of action.

(A) original data. (A-a) all compounds. (A-b) choline compounds. (A-c) GABAA receptor
antagonists. (A-d) Na channel openers. (B) varification data. (B-a) all compounds. (B-b) choline
compounds. (B-c) GABAA receptor antagonists. (B-d) Na channel openers.
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E5E RERBEEREDS 1 THE

51 i

PUE KB #EMIE (Antibiotic Associated Encephalopathy ; AAE)IZHIE HIR 512 L -
THI & Z N5 HFHRMREE TH D, ICU IZB W THAZSRIEN F 5D AEFNIE
80%IZ K5z ENHHNTE Y (Inouye et al., 2014), HFINFK LBz SN DEEIT
12~39%F2E T % (Alagiakrishnan & Wiens, 2004), AAE (%, BUMIEMERIE R & D
JRPR R & DR ORI K D IIE & ORI R EAE N LT TR BEER
P2l D556 030 5720, TORHBAEE L, JRIRNOER & T2 5 2 & HE
HWTH D, £ PEHEOFFITIBNTH FHREMO AAE J X705 il Z & AAE
DFERZ RS 5 2 LIXEERRETH D,

B I E OREIRBIFF O 2, BT e £ & Dy AT ~T v/ L Ea—
DFRERNG, AAE X 3 DD X A T8 S 40TV 5 (Bhattacharyya et al., 2016), %
A7 VIR, IA T B—=XARE TANAENEL, B MRLIZIER Th 528, Mk
HEDPRDONDLZEPMONT VWD, ZET2HAEYWHEII=D v, E7 72 AR
VU RHEETH D, ZAT721I0EF/nvFi, ~7ui4 R%, SITAHITHY . ¥
H-Bhate 5B INIZL) R EARE ORMER 2 FIET 2 2 E DR CTh D, #4147 3 1%
B-= A IXY—IUNFERTHLA Ir=F =L THY, PMEKHBFERTH D,

TATHFIRICE W T 7 2 B AMIEDBE TIE N T A A X v 7 L XIEN DA 3
HZERNRENTZZ E B (Tamune et al., 2019), FHLEFRICB W CRMA 2 ERIEE)
DIRIBIERUZE G- L CWD ATREMEDN B 2 biLD, 2V E THUEIKIZ X 2 INE DR 15
& U TR 23T o T E 723 B PUE D FRERE 12 B 2. 5 5222 DU T B
nEETH D,

AETIE, & N IPS flaH kfft v U —27 @O MEA HANZ £ 0 BifS L 7= EXIEE)
NG, BEROTURERIC OV THIRICE S PR HED AAE # 1 T ZiHiinfge & 5 2 &
T, PLREFERATICRIT D AAE Sl O ERR 2 BRY & U o, PR GRFOE R AR
TR A U iR v U — 7 ORIFIFNEBI 2 F5IE & Lo Bl ot 2175 2 &
2L o T, FPRHE LR THE SN TS AAE ICESW= 3 2D X A TITHBET 5
Z LRI,
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5-2 Ak
5-2-1 £ MiPSHIlEBAERE-—1—0O U DEE

t bk iPS #ifu) 50k & 7= Glutamatergic neuron & GABAergic neuron &
Astrocyte(SynFire Co-Culture Kit, Neucyte Inc.)% 7 : 3 : 3.5 DEIETRALIZH D
Z, RJxTFL oA I (Sigma) BT I =2-511 (Nippi) T=2— h L7z MEA 7
L — F(MEA; M768-tMEA-48B, AXION Biosystems)% W\ C, 1 7 =/L%7=V 16 F
¥ %/, 8.0X105cells/cm?2 TH:#E L7-, 55HiT SynFire Complete Media Kit (2010-

20; Neucyte,Inc.) ] L. #&fEFFIC Seeding Medium, £7# 1 H H~6 H HIZ Short-
Term Medium, 5:# 7 H H LAKEIZ Long-Term Medium % F\W\ T L7-,

5-2-2 #fHRas}EoE%

BTGB OMIa ELLFHIZ . 837 °C . CO25% DEREE T 24-well MEA system
(Presto; Alpha Med Scientific) % iV T 20kHz ®H > 7V > 7 L— Kk & 100Hz DA
INAT 4 IVH TITo T,

5-2-3 FEGHER

FEHEBR IR O R 5 W B I T > 72, MEA LICHEEE L 7ok » R U — 2712
T APHEER 5O R B L FMT 57212, Type 1 IZHF 5 Cefepime(C242750,
Toronto Research Chemicals Inc, ; n=5) . Cefoxitin(1098107, United States
Pharmacopeial Convention, Inc, ; n=6). Ampicillin(016-23301, FUJIFILM Wako ;
n=6). Type 2 2/ ¥H &1 % Norfloxacin(142-06391, FUJIFILM Wako ; n=5).
Ofloxacin(157-02981, FUJIFILM Wako ; n=6). Nalidixic acid(147-09641, FUJIFILM
Wako ; n=7) . Clarithromycin(032-17871, FUJIFILM Wako ; n=6) . ST
mixture[Sulfamethoxazole(S0361, TCI): Trimethoprim(T2286, TCI ; n=5) D B &Lt
5:1 &2 X 9ICiBA L THE A, n=4]. Trimethoprim(n=5). Penicillin G
Procaine(1502552 United States Pharmacopeial Convention, Inc, ; n=5), Type 3 IZ
53¥E XD Metronidazole(132-18061, FUJIFILM Wako ; n=8). Secnidazole(S1810,
LKT Labs, Inc, ; n=6). Tinidazole(T3454, LKT Labs, Inc, ; n=6)% 3u M, 10z M,
30 M, 100 M, 300 uM, 1 mM TEZNENRMEKEE Lz, %#EAFT Dimethyl
Sulfoxide (DMSO; D2660-100ML; Sigma-Aldrich) IZiAfiF L. B8 TR L=, &V
= )LV OEAF 5710 B RIEE)., vehicle(0.1% DMSO)# 5-t% 0 A 3&IE &), 42K H %%
IHE 2 224 10 s [Feek LT,
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524 ANAIVBEEIURY D —0/1\—X MEHR

I — % 725 Mobius software % VT A 7 i T - 72, & EMOIEEAIL
WOR—RAT A v ) 4 XOEHER%E + 530% DL LE 2 H D& A1 7 & LTH
H U7z, B L7z A0 75 =25, 4-step method % T network burst (NB) ™
R ZAT > 7o ABFFETIEL, 10 53D 234 7 $adiaFn (Total spikes) . 10 77fij> NB
D%t (No. of NBs), NB O#& TR 225 %k > NB D Bi4f E T O REfE (Inter Burst
Interval : IBI). NB O #ifj(Duration of NB), NB ¥iZH S 7= A 231 7 #(Spikes
ina NB). NB AND3 k#E D — 7 i (Max Frequency : MF) . MF 23 & v 7=
IR O MF 23 &5 £ TORFE (Inter MF Interval : IMFI) . MF OZ #1725k

(CVof MF) . IMFI 0 Z@hf%% (CVof IMFI) @ 9 D DN /XT A — X |2, KL T
FHHICHEEE L= NB O B4 1812 & L 7= Periodicity 212 7= 10 {EOfFENT /8T A —
Z TIlLEMEGREOMRER Y MU — 27 OJSE LI L 7o, MF 1%, 10 23 OFHHIKR- T
i X472 NB 75 bin size = 100 msec Z & DAL 7 HAEHH L, ZOHDERK
WK AT LT TH D, ALK Y 72 0 O spike 2L CToh 5 729 frequency & L7=,
Bl Z1E, 10 43NS 10 1> NB 2t/ & &, 10 o NB 2 ZhiZ o0 T, &
KFEKBEEHT S, 20 10 [HOEEZEH L= 0% MF & Lz, KRBT —#
DIEH I, % well @ vehicle & 5D 7 — 4% % 100% & L TITo Tz, fffT/ N7 A —%
DWW, Total Spikes. No.of NBs, Inter Burst Interval, Duration of NB, Spikesina
NB (T 4-step method ¥ 7 b7 = 7 CHH &, MF, CVof MF, IMFI, CV of IMFI,
Periodicity 1 MATLAB CHH S/,
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5-3 #&8

5-3-1 £ ~iPS HiRAEEMER Y FT—V 1B TS5 BRFHHAS L VEERE

BPLEE SRRy NT—27 1% L TH 22T 5412, MEA Lict |
iPS Mk = = —w > 2553 L(Fig. 1A), AFEIEEIOFHZ4T - 72#E R, SN HE <
ERIGE 2T 5 2 &3 T&72(Fig. 1B), Fig. 1C 3P L G- OE KA FIIG
BhamrLTND, EABGRT, H5ZICBW T T T AEZEE I LR S— R B8k
NEIRINT-, EEBIENFE TH D Typel AAE (25 = 5 3 A| (Cefoxitin,
Ampicillin) O 5ICED | #fExry hU— 7@“@@@%#75%@@@*% ZEIN %
ZEWRBEINT, Fo. BHRIERDFE TH LD Type2 AAE (253 S5 HH

(Norfloxacin, Clarithromycin) O 5 CiL, (KAENHHHEIC U\Tnﬂﬁ@ﬁ@ﬁﬁ
FEOHEMMN R 5573, Norfloxacin Tid 1 mM (28T, Clarithromycin TiZ 100

M ([ZEWTIRMNEENEE S OB LTk, mHAETITMER Y MU
— 7KL TR L ZTRTZ & 753‘%”25%7”:0 IMEIER D FFE T 5 Typed AAE
W2 S5 3K (Metronidazole) D5 . EAED S P EE TRIEEE
ENEML, mAE (ImM) TIEED L, U\J:O)n’i%ﬁ)% Typel AAE 23S D
%ﬁﬂ & Type2,Typed AAE 125358 S 41 2 A TIIIEANRE O ZALIT o iR v T —

WXL CRERRDEEL 5252 LR INT,

532 (EAEFE DR HILEMICBIT BTN A—2DEIL

FROERTH OGN AAE O% Type DERMIGNE % L0 FEAIZHENT I 5 7291
BHIRIE DR Z T D DIZHE IR NT A — 2 DREZAT 7. 9 O/ T
A—%2%ZHWT DMSO #5K5% 100% & U CHEARGREE ik L7zt — b~ v 7% A{E
% L7- (one way ANOVA, and Dunnett test), Total Spikes |Z 10 Z3ffiZ T X TDF
¥ U RINVTR SN AL 7 HDEFH Th D, No.of SBF 1 10 4rIC 24 L 72 [FIH]
IN—Z " KDETH D, Inter Burst Interval [Z[FIHI/N— & K&K D& 70> HIR DA
HN— 2 R IR DA R E TOREE], Duration of SBF [Z R/ N\— & k% k OFrfeRFfH
Spikes in a SBF X 1 ORI R— R F R KICEEND A1 7 O, Max
Frequency MP) (LA N—Z " AkHFDE A R 7T AOE—7 i, CVof MF |Z MF ®
CV fi. Inter MF Interval IMFD X EIH] /S — 2 R3O — 27 23S RDFEIHN— 2 k3%
KkDOE—7 FTORME, CV of IMFI X IMFI ® CVETH 5,

Fig. 2A 1% Typel AAE |25 %8 & 1 % #5(Cefepime, Cefoxitin, Ampicillin), Fig. 2B
IZ Type2 AAE (2 4y 8 & 11U 5 # Al (Ofloxacin, Norfloxacin, Nalidixic acid,
Clarithromycin, STmixture, Trimethoprim, Penicillin G Procaine), Fig.2C (% Type3
AAE 253 S 5 34| (Metronidazole, Secnidazole, Tinidazole) D & — k<~ » 7 %7K
LTW5%, Typel AAE (2B SN DA TiIMo Type & il L T CV of Max
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Frequency 75 EA- 3 2235 > 7=, Typel AAE, Type3 AAE |% Duration, Spikes in
a SBF, Max Frequency (22725 7 541720 )8 Type2 AAE Tla R &< AEfb L7z, £72.
4 _TCDH A 7T Total Spikes, No. of SBF ® FHE N R 55728, Type2 AAE 135 H
#C No. of SBF 2N+ 5 Z sz, LEDOFRERENG, ZZd Type IZ)&
T LOTEENSMHTNT A —Z I L TRRLEEEHE XD Z LRIz, £,
9 DK /NT A —H WD LI2& > TH Type ODESIGFEIZMHE L, FE I LI
DGHETHZENARETH DL Z LN INT,

5-3-3 £ FiPSHIBMBAE=1—OVIZBIT2MBAED L2 4 THiE

fRAT /8T A — 2 Z NIt > BT — 7 1281 2 BRIEE ORHEN O | FHUEHE A
ST D 2 EBFRENRREET D AT, RIFIZEESW T ER D o 21T -7, 9 B OfENT
TG A—=ZDH L, No. of SBF, Spikes in a SBF ZH W TES SO+ 5 2 & THE
AT D~y 7 EER L7z, Fig. 3A 1% 13 OB E #(Cefepime, Cefoxitin,
Ampicillin, Norfloxacin, Ofloxacin, Nalidixic acid, Clarithromycin, S/T & Al ,
Trimethoprim, Penicillin G Procain, Metronidazole, Secnidazole, Tinidazole) % f >
T ERIHTICHT S, PCL, PC2O 7Ry haRLTEY, B7 7 m AR Y REHH
3K (Cefepime, Cefoxitin) °F / & > AHLE K (Norfloxacin, Ofloxacin, Nalidixic acid) .
=t A I XV —)L% (Metronidazole, Secnidazole, Tinidazole) DfEHEN G, [AIFE[R
HEIFEE T oy bR L TOMLTWDZ EAURR S TZ, 7=, Fig. 3B 1% 13 f
HOPLFEFE A Typel, Type2, Type3 T L =B £ obTICE T 5, PC1, PC2
D7 vy FERLTHVD. KHEHFND AAE ¥ A 7 2R3 5 & . Typel AAE, Type2 AAE,
Type3 AAE OIEHIDNZNENDEEL THOM LTS Z L 2R TE 7o 6> Tk ~iPS
AR HRARE R~ N U — 71081 5 BB TFHISE ORI X 2 HUE SO 550, i
IRIZE T 2 PUE B EME ORI K 2 UEE DS E —8d 2 Z LR sz,
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54 EE

AWFFETIE, MEA EIZE:#E L7z b iPS MU d R v MU — 7 IZBIT D HtE %
B GRFOBLIEBZIEIRICT 5 2 & T, LRI ZERA THE SN TV D AAE [ZHESW
723 OO N—TIZHMTHZ ENAREMNEZMAE LT, B N 1PS flifd bz
PR L GT 22 LT, FEEO R HEER OB b 3t s c, £/, & b
iPS ML H AR v MU — 7 IZB1 2 B FRISE Z FEE & LT R T A —
HaMNTERDINT 22 LT, PlEEE2 2 URER, BIRICHIT 5 AAE DR
WL DPHEEOSFHE —E L=,

A [E Typel AAE OFHI & UTHEH L7chiEZEITE 7 7 v AR U RO Cefepime,
Cefoxitin LU=V 32D Ampicillin Tho, ZhbOHEANIMEEFIZL-T 7 4
LEREFFOB-T 7 ZLRMWEETHY | MEOMIEEEDR > T D XTF N7 Y B
DR ZAFIET 2 Z LI K-> THREMNIERT 5, =TI b OFEFNI PRI
W 722 o 7 URIEIC B 595 GABAAZRROIERZET S Z 212 k- T,
FEREEZRT 2 LB X B D (Wallace, 1997), ZHULB-T 7 ¥ LBE~N= VU F
— BTGS2 &, N=2 Y K 2 HBMHEAENRERT 2 Z L (Gutnick &
Prince, 197X, B-T7 7 Z LRFUREIEIC K DB DOIRHIC GABAA XA T =2 b
ThHX Y UTEEUMEASND Z b bR Eihd, £7-. MEA & iPS #ilfe
Hok= 2 —nr &2 AW T LAY O B2 Ml L 72 B THFE Tk, GABA A &K
DT BA=ZA N THLNTF LT T Y=V OFEIT X o> THEERFICFEBA
— A FIFEKMNEEINT 5 Z & v (0Odawara et al., 2018), -7 7 X ARPIFAIK TH AR
DOIYERBEFFIC K - ClRISNEEEE NI L7 B2 6nd (Fig. 1C), 7=, Fig.3 ™
TR HT OFEFR IS Cefepime, Cefoxitin, Ampicillin I Typel AAE & L CH¥E
TEAHZERREINTEN, 77 ARY RO Cefepime, Cefoxitin & X=31
FO Ampicillin BB T v vy e, ~=2 U CRITFEFAIC, BT 7
2 AR Y CRITHEHIC GABA A /KR EHET 22 ENMLNTED | BRI
T D PFMEDE N KB L TV 5 ATRENEDNE 2 H 15 (Sugimoto et al., 2001),

Type2 AAE 2 |20 FHS D HEANIF /v %R, v~/ 74 K&, STEAITHD, =
AU D DIEFNTFEBF A RS L ORGSR RFBIZ W THEEEIZZ LS ABFRICZE T
2 BRISBNRE T DRtk & FER D T & W T T I K- TERIRHI 2 3B CTh D
Type2 AAE BRI I7 A5 Z EMAEETH -7, ¥/ v RiEEKIL, MEICFA O
DNA %A L—R&E FMRA VAT —BEHET LI LICL>TERT %, ¥ /1%
PLFEHKIL GABA IZHP L& 2 R o7, GABA B EMHAFEMNT 5 Z L 23A6E
Thh, EIZGABA A ZHFEEHET D LICL o TEEFRIENZRTZ L85
LTV 5 (Kushner et al., 2001; Neame et al., 2020), *7-. GABAB Z & IKEEEKCTH
HR7B TP LART XU B IO T e T a Rt U KD EIEAZIEI L
ZEND, ¥ RPIEIEIL GABA A SRR T <, GABABZAEKE L1
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HAERT2 Z &R EN T b (Akahaneetal., 1993), & 512, ¥/ o RHIE T
TNE I VBT REONREMEY T RThHXX VU EEEENELILTBY, 7y b
DUFIHA T A A &AM L7278 T ik NMDA 2 B R OIEPEIC X - TR ERFRIC
ARA 7 RS D Z L AUREN TV S (Schmuck et al., 1998), Fig. 1C TlE /L7 1
X rofkbICEo TIRAEN S HTHEICK T A REEESEE OB & | & HETH
HWTEENE L B L ORKBEE ORI R R BTz, £72, Type2 AAE Tid, Typel AAE,
Type3 AAE & Lhig L C & A E128 T Duration, Spikes in a SBF, Max Frequency 73
BT AR RS (Fig. 3), T HORRIEF / 7 U RPIEHEN GABA A &
K721 T1E72 < . GABAB Z AR NMDA Z & KIZR L CHHEAMNIERT 22 L &
KL TWb EBEZXHND,

X/ v U RIEIELSMNC S Type2 AAE IS N D EANCIT~ 7 v T4 RRPUREFE,
ST GHINEEND, v~/ rTA FRPEFETHL 7 7V Au~vA 03, MO U R

—AZHEAE L, NI EAERERET HZ LI > TERT 5, ST &FII3ERS
W EERZ DAL T 7 A FXH ) — L L EROTEMELZHETDL R A T Y L
DOEEHITH D, v/ r T4 LU ST AN LD AAE OFIE A T = X LT ETERE
R ENZ WD, Ty FOWREAT A AZEBI1T 5 CA3 #iik=2—n L OEKIEE 2 /3
v F I T AL o TRIE LIEATHIZETIE, 30 uM 725 300 uM D7 7 A~
A BHIZ X o TORKBEDEINT 5 2 &, KO GABA 1EEhi:> 7L O =
a2 — 1 OBKIFE O LT\ Z & A7RIE S 41TV % (Bichler et al., 2017),
ARFZETIE 3 1M 225 30 u M (T30 THEMKAFHIIZ R BIHE DN S
72, 100 p MU EOEMAEICZRD & RIS TR L (M2), Zhud, 7 v
et FOREEDEN, MEAITHELIZMRERXYy NV —JICEENH =a—a D
177t (Glutamatergic neuron : GABAergic neuron="7 : 3) NH#ZL T\ 5 AJHEMEN
b2, Flo. ¥/ v RPUEE LE L ERIEHOREEFHSZ b, v /7r T A
REO'ST &8 b EEOIERREZFFOREEMENH Y | 5% b OFEFPMEAT 5325
RIZOW TR R oD L 2 A TH D,

Typed AAE 2SN HANIZA ha=F Y —, B =F ) —)b F=FV—
NpED=buA IZY = ILRREEN D D, A o =Y —/WRFERAEM N T
Sh=hreYadw RNO) L7220, MECHEAED DNA 201452 L2k > TE
AT 2%, o AAE L R0 A he=4Y —LHECld, MRIIZEBW CMRBRIREES
PG R R A I R 2 A L D2 2 ENFMBNTND, A br =&Y —/LiE, TR
Iz X D5 GABA OZMERL(Ramakrishna Rao & Mason, 1987). RNA ~® E S
KD X RTEERMNE, BT a—AT I DRI I DTV ANVER, I hav
KU THERER 272 EN AAE BIEDO U A7 @b 5 2 LRSI TV 5 (Vilaga, 2018),
ENENDOFEMRIEA N = A LNED L HIZAAE IZHE L TWDDONIRHTH D708,
AR TIX, Typel, Type2 AAE & 13572 5 /EBEIT 2 FF 38K & L Tl AIRE T d
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AREE T, B%E LIAL A WRHMEE OB LS OF EEG~OFNEOKRGEE B L L
T, PUESEBEMME A ¥ —7 > b & L7ciMlia F2h L7z, & iPS Hifa d e pfig a2
P Z R G952 LT, KPEEORR ZMITBOL LB RHENT, 72, & b
iPS FHARE AR >~ N U — 27 ICBI 5 EBRAEIFZNINE 2 HBIE & Lo B 0TI
K DPHEEED & A 738 % Fih LT /G, BRIRICE 1T 5 AAE OFHEIC K 2 HiEED 5
HE BT DREENE SN, AR THO MR v b U — 7 OBSEFZIGE &
SR BMNTIE A MAGDE D 28T, 2N E THEME L TE @8 U 27 5Hl721F Tis
<. AAE V27 O7Hlic & LTUSHAEETH L B2 b5, SHIZ, BIKRTRALN
LIS % T D85 R DN in vitro MR TH LN Z & 026 RBFFETRFE L&Y
FHIED X 572 2l R OILKICHIFF TX 5,
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C Cefoxitin (Typel) Ampicillin (Typel) Norfloxacin (Type2) Clarithromycin (Type2) Metronidazole (Type3)
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3uM
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Figure 1 Electrophysiological response of human iPS cell-derived neurons to antibiotics
treatment. (A) Phase contrast of neurons cultured on a microelectrode array (MEA) at eight
weeks in vitro (WIV). (B) Typical action potential waveform of the spontaneous activity
measurement at eight WIVs. (C) Raster plots of spikes and array-wide spike detection rate
(AWSDR, spikes/second, bin size = 10 ms) for 10 min before drug administration, after vehicle
administration, and cumulative administration of each antibiotic (cefoxitin (Type 1 AAE),
ampicillin (Type 1 AAE), norfloxacin (Type 2 AAE), clarithromycin (Type 2 AAE),

metronidazole (Type 3 AAE).
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Figure 2 Dose dependence of each parameter of the antibiotics analysis. (A) Heat map of

Type 1 AAE (cephalosporins and penicillins). (B) Heat map of Type 2 AAE (quinolone,

macrolide, S/T mixture). (C) Heat map of Type 3 AAE (nitroimidazoles). Heat maps were created

for cefepime (n = 5), cefoxitin (n = 6), ampicillin (n = 6), ofloxacin (n = 6), norfloxacin (n = 5),

nalidixic acid (n = 7), clarithromycin (n = 6), ST mixture (n = 4), trimethoprim (n = 5), penicillin

G procaine (n = 6), metronidazole (n = 8), secnidazole (n = 6), tinidazole (n = 6). Heat map with

DMSO as 100% (one-way ANOVA and Dunnett’s test, *p < 0.05, **p < 0.01 vs. DMSO).
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A

@ Cefepime
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Norfloxacin
Ofloxacin
Nalidixic acid
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Figure 3 Classification of antibiotic agents in human iPS nerves using PCA. (A) Plots of PC1
and PC2 in the PCA using the effective parameter set for detecting AAE (No. of SBF, Spikes in
an SBF). (B) Plots of PC1 and PC2 in a PCA classified each antibiotic as Type 1, Type 2, or Type
3.
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ARFZETIE, & b~ iPS #ifuf k=2 —1 > D in vitro MEA 5 — % 7> B R5EE D & & 3K
b DI A 1L U & T b ARkl 2 EB T 5 2 &L & HIIZ, (EE O % ik
THNT A=ty NERR L THEITT 2 B OITIEEZHE L, {bEWRImEE L CH
LT,

1 BT, EELBERICBWLTREEO BV ERLEFHLAEYEE L BT H 2
EWNHEETH Y, FCH AR ENET, FFEBAFOENCTIEOFHERFROOL S>TH
B EDD, KRR TR O @O E S O MR EMER AN RO ST D Z & Eak
Nz, P CHEERHETH B EEREOFTENE < | §ilEAKRER TO in vitro Ei# 5
PERHEVE DEL Y LA ENIATITON TR Y, ZOMEICHOWTE R L., & I iPS #iia
K= = —r 0 MEA FHAIIL, Si e & bl L T & N ~OFMFMEZ LT X 5 AlEE
MRS DHZ DD, FBEERFMIEE L THIff STV D, L L, EREENE Y 27 2Rl
T DL DNTIENRMESL CTHD Z ENFRE L 72> T D, £ 2T, AAFZEIL, in vitro MEA
T =B EEGORERGENE ) R 7 & @O E T TEITCE 26 EmRHIiEOR I A H Y &
L7z,

2 BT, BEMOEAEEMLAE Y & B PICEERREL Ky 77 U F Lk EY
Z AW T, LB ORAEFEMEAR HHVE DS L BEEIC DWW TRz, MEA & 27 ATl
MTARRIEEN T IR R » N U — 7 ORI 72058 Tdh 5 RIS — R b 38 kDS TR FE 1
&I, A AN—2 MEKOBHESCHIR OR 70 & Mix 2l T A — 2 PRI TE
oo LML, HIXMRRENEZ AT 25 Z ERBEATH L0, BEFOMNT /N7 A —HZ TIIE D%
PEZ R TE RVMEAY (361 : Pilocarpine) NFEET HRIENH 5, E DT /8T A —
% FHIZ N D DNTIFEE IS Ko TR o TR 0 | B - (EABEF THCAR L Sh
DR IRHT N T A= ZIIRIEZHESL STV ARWT &, BUR TIXE — O3 T A
—Z 2T 72T TIIMEAETORR 2bEMOEEEA RN T 5 Z LR ETH DL, £
T ERGOIRT T AL =00 e E DL BT ARy N U — 2 OEKIEE T —
ZIZHATHZENER SN TS, ZHETHRE SN TV D MRIEE DO L4 &M T,
ME LT AT A =2 2T X CHERT 256, £72i3, HFEORE VIR NT A — & %)%
WU THERAT LEHEDTE 118 O /37 A =4ty NORTHRHNEN TS, (LEWY
OEMEE T D DITEER T 8T A —F DMMAEDLERAHATH D Z &, FHOKE
WERT /N T A — 2 INEHRIEHICRE CHID N ARHTH L Z ERHT R E o TS,
AHFFECIE, B b iPS HifRH kAR~ U —27 O MEA FHZEB T 5 B EIE O %
TIRE & T DT FIEOME A HIIC, £97, TIRAMREEE AT 2 2 LM Th 2bEw
72N BEAEDRENT R T A — & TIEE OB AR TE RVMEE MBI FET 2 M & ffR 5
DT, AR > b U — 7 IEBOJEMIMEICE B Lo BTRARIT ST A — 2 ZREE LT, £z,
IEE O Z BRI T 5 DI 2 ffT 3T A —H ORIG DR Th 2 R % ik

76



wha

T LI, AEBE DR A EWN T DB R RT3 T A — 2 OflAEHbEZiEE L CEMT
D LI BMNTIE AR LT, MGEANCHE L7 BER O IGIE L &9 & BRI L &m0
TR L2 EEMTIEZ WD 2 & T G b OBMERIEDA TR TH D 2 &%
B L7z, ABFZECTHASE Lo 0B 2 M7, fx 2T EISHATRETH D |
vitro MEA & — % D72 59, A T A 2K in vivo MO EBELIEEN T — 4 | Ca2+&.r%£%°
BEEAMEZ AR EZH WA A=V U ZIETERSE ST —ZIZbEA e TH D, #if
PR PRI IV T MRS WILHYEZ A L A% 72255 B 0 SERERF I8 36 K OUS FFZE~ & J B
TELHDTHD,

3 ETIL, ARTOFMERBIREL THIT 57-0121%. MEA FHANZIB T 28 > b
T — 7 ~DFFERRE L in vivo (28T 5 CSF /)Q%V@WEQ%%%ﬁ WZT DR H D Z &
5, IVIVE OBLURKTORGECSWTiR~7, ZHET MEA &gz v 7ok~ 72k
A%%Wﬁbi‘lﬂ?”‘“ SN T&E 72, MEA GHANZ BT 2L EW ORI G IE X8R DT/~ A —

IS TV D, EDRHT/NT A —ZIZEDRRBD bz bt D)y, & ORREOHUEN
%ﬂ‘f$f£0)75>75),5\{21§!3"1 EDHITWRWIZ ENFRETH D, F7o, #ifkfliao MEA G
ISR ORI X VIS DB 22 2560835 0 | LB & EMEIZFHAR 2 1S3

Eﬂiﬂ%‘:ﬂﬁ DER< &5 i FIEDB ML CTH H, MEA & AREHIIE 2 F W 72L& 93l <l
ERICBT 2 EHEREAFFETCE VW ENEERRETH S, MEA IZL > THR Sz
FREEAR A DIREN AL N ERIT IS 1T 2 MR BLZ Sk L TV 23R Th 5, KV AEKRT
DENEFRBURE 2 Kk S 5 729121X, MEA pﬂﬂ' BIFDHMRER Y BT — 7 ~DFFEIRE
& in vivo 123 1T D INENIREOMBEEZ I 5 L, IVIVE O8lLSEZMEET 2 0 ERH 5,
AWFFETIZ, EFMBATICI T DLt ﬁﬁﬁ“@%ﬁ%%%ﬁ@ﬁ%ﬁ?ﬁ 272015 % X 572 invitro
PR RE ORI RS A2 HA & L7z, MEA FHIIC K o TH DAL RSB 7 — & 2> O FR I

DRI ATRE IR/ T A =2y NI L, ERS0ITICEB W T, W OIEEFE L R
BEL Ui ) R 7 OFWEEFRET H 2 & T, MEA FHIIZE T 2L G OFHIi &R LY
IR OBt T DA fR LT, £72, B M iPS Mifdfik= = —w % 72 MEA &f
W X Db EMOREEY 275 & B FEERIC K 5 T v F TRk L OV R0 #8142
Itz k& CSFWNIRE O % Kl L . MEA FHII TR U 27 RN S - E L CSF
WIRE 2 bk 7% Z & T IVIVE OB A A REE L, invitro O T invivo & HHED &
LYY 2 7 FHMNAFIRE T D Z & Z o LTz, Invitro MEA assessment (Z331F D FEE D H
W, AR TOBMERBURE 2 THIT 265 OREE Y 2 7 5HiiiE L L T4H % DR WIFF
T&E %,

H o4 FTIL, BEFE Lo b BWRHiE D ERR S LS~ OIS 2 BRI b G e 7 — 7
> b & UTHRGE L7 RIS OW TR~ T, B L7 ket iiiE 2 w32 2 & C. RHEE
BALEDDORERFN 2 EBMEY 27 ZBET 52 ENARETH Y. S BIZEDIEHETHE
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MFER y BT =2 ICBT DEREHPANSE IR L LI BRI K5 HEED Z A
TR FE e L TR BRRICHT D AAE ORI KX D2 HIESE O & — BT DR RS
LTz, AW THWZMRER v U — 7 OBLKEBTFIIGE & S22 mifTEZ A E D
5 LT, THETHEMLTEEEY 2 7FHEZT TIE2R <, AAE U 27 OFHER &
LTCHARETH L EEABND, SHIZ, KR TRONDIGZ KB 55578 invitro
IR TR O Z &S AWFFETHIE LIALEWRIHEED & 572 2 3 G D fEKIZ
W TE D,

AWFFEIE. In vitro MEA 7 — % Z I T NG BE OO @ 3R 5 O S R 22 13 U o)
ET LR Z S8 5 Z L 2 BRI EEORMNZZER T 53T A4ty b &
PRI L TEATT 2 B ik 2 a8 U, (LEWRTilik & L CBR%E L7z, ABFIERSEIC
£ U | ATERRERERIZ 36 1T 2 ARG ORI HORFEDN m < 70 D LHIfF TE 5, £z,
EEMUSNDILEY), B L OEBELSANOAERROFHI~DOFEIEL RENTZ LD,
AWFIE TR LIALEWRHliiEL, & 5w 5 5B O E MRkl 2 5 S ¥ 5 5B % T
bHoHELERD,

78



275 3CHk

S5 Xk

Accardi, M. V,, Huang, H., and Authier, S. (2018). Seizure liability assessments using the
hippocampal tissue slice: Comparison of non-clinical species. Journal of pharmacological
and toxicological methods 93, 59-68.

Amin, H., Maccione, A., Marinaro, F., Zordan, S., Nieus, T., and Berdondini, L. (2016).
Electrical responses and spontaneous activity of human iPS-derived neuronal networks
characterized for 3-month culture with 4096-electrode arrays. Frontiers in neuroscience
10, 121.

Balez, R., Steiner, N., Engel, M., Munioz, S. S., Lum, J. S., Wu, Y., Wang, D., Vallotton, P,,
Sachdev, P, and O’Connor, M. (2016). Neuroprotective effects of apigenin against
inflammation, neuronal excitability and apoptosis in an induced pluripotent stem cell
model of Alzheimer’s disease. Scientific reports 6(1), 1-16.

Black, B. J., Atmaramani, R., and Pancrazio, J. J. (2017). Spontaneous and evoked
activity from murine ventral horn cultures on microelectrode arrays. Frontiers in
cellular neuroscience 11, 304.

Bosca, A., Martina, M., and Py, C. (2014). Planar Patch Clamp for Neuronal Networks—
Considerations and Future Perspectives. In Patch-Clamp Methods and Protocols, pp. 93-
113. Springer.

Bradley, J. A., Luithardt, H. H., Metea, M. R., and Strock, C. J. (2018). In vitro screening
for seizure liability using microelectrode array technology. Toxicological Sciences 163(1),
240-253.

Bradley, J. A., and Strock, C. J. (2019). Screening for neurotoxicity with microelectrode
array. Current protocols in toxicology 79(1), e67.

Cook, D., Brown, D., Alexander, R., March, R., Morgan, P., Satterthwaite, G., and
Pangalos, M. N. (2014). Lessons learned from the fate of AstraZeneca's drug pipeline: a
five-dimensional framework. Nature reviews Drug discovery 13(6), 419-431.

Fan, J., Thalody, G., Kwagh, J., Burnett, E., Shi, H., Lewen, G., Chen, S.-J., and
Levesque, P. (2019). Assessing seizure liability using multi-electrode arrays (MEA).
Toxicology in Vitro 55, 93-100.

Franz, D., Olsen, H. L., Klink, O., and Gimsa, J. (2017). Automated and manual patch
clamp data of human induced pluripotent stem cell-derived dopaminergic neurons.
Scientific data 4(1), 1-11.

Frega, M., Van Gestel, S. H., Linda, K., Van Der Raadt, J., Keller, J., Van Rhijn, J.-R.,
Schubert, D., Albers, C. A., and Kasri, N. N. (2017). Rapid neuronal differentiation of

induced pluripotent stem cells for measuring network activity on micro-electrode arrays.

79



275 3CHk

JoVE (Journal of Visualized Experiments)(119), e54900.

Gong, W., Sencar, J., Bakkum, D. J., Jackel, D., Obien, M. E. J., Radivojevic, M., and
Hierlemann, A. R. (2016). Multiple single-unit long-term tracking on organotypic
hippocampal slices using high-density microelectrode arrays. Frontiers in neuroscience
10, 537.

Grainger, A. 1., King, M. C., Nagel, D. A., Parri, H. R., Coleman, M. D., and Hill, E. J.
(2018). In vitro models for seizure-liability testing using induced pluripotent stem cells.
Frontiers in neuroscience 12, 590.

Hyvérinen, T., Hyysalo, A., Kapucu, F. E., Aarnos, L., Vinogradov, A., Eglen, S. J., Yla-
Outinen, L., and Narkilahti, S. (2019). Functional characterization of human pluripotent
stem cell-derived cortical networks differentiated on laminin-521 substrate: comparison
to rat cortical cultures. Scientific reports 9(1), 1-15.

Ishii, M. N., Yamamoto, K., Shoji, M., Asami, A., and Kawamata, Y. (2017). Human
induced pluripotent stem cell (hiPSC)-derived neurons respond to convulsant drugs
when co-cultured with hiPSC-derived astrocytes. Toxicology 389, 130-138.

Kayama, T., Suzuki, I., Odawara, A., Sasaki, T., and Ikegaya, Y. (2018). Temporally
coordinated spiking activity of human induced pluripotent stem cell-derived neurons co-
cultured with astrocytes. Biochemical and biophysical research communications 495(1),
1028-1033.

Kosnik, M. B., Strickland, J. D., Marvel, S. W., Wallis, D. J., Wallace, K., Richard, A. M.,
Reif, D. M., and Shafer, T. J. (2020). Concentration—response evaluation of ToxCast
compounds for multivariate activity patterns of neural network function. Archives of
toxicology 94(2), 469-484.

Kreir, M., Van Deuren, B., Versweyveld, S., De Bondt, A., Van den Wyngaert, 1., Van der
Linde, H., Lu, H., Teuns, G., and Gallacher, D. (2018). Do in vitro assays in rat primary
neurons predict drug-induced seizure liability in humans? Toxicology and applied
pharmacology 346, 45-57.

Mack, C. M., Lin, B. J., Turner, J. D., Johnstone, A. F., Burgoon, L. D., and Shafer, T. J.
(2014). Burst and principal components analyses of MEA data for 16 chemicals describe
at least three effects classes. Neurotoxicology 40, 75-85.

Marchi, N., Oby, E., Batra, A., Uva, L., De Curtis, M., Hernandez, N., Van Boxel -

Dezaire, A., Najm, 1., and Janigro, D. (2007). In vivo and in vitro effects of pilocarpine:
relevance to ictogenesis. Epilepsia 48(10), 1934-1946.

Matsuda, N., Odawara, A., Katoh, H., Okuyama, N., Yokoi, R., and Suzuki, I. (2018).
Detection of synchronized burst firing in cultured human induced pluripotent stem cell-

derived neurons using a 4-step method. Biochemical and biophysical research

80



275 3CHk

communications 497(2), 612-618.

Mendis, G., Berecki, G., Morrisroe, E., Pachernegg, S., Li, M., Varney, M., Osborne, P.,
Reid, C., Halgamuge, S., and Petrou, S. (2019). Discovering the pharmacodynamics of
conolidine and cannabidiol using a cultured neuronal network based workflow. Scientific
reports 9(1), 1-12.

Obien, M. E. J., Deligkaris, K., Bullmann, T., Bakkum, D. J., and Frey, U. (2015).
Revealing neuronal function through microelectrode array recordings. Frontiers in
neuroscience 8, 423.

Odawara, A., Katoh, H., Matsuda, N., and Suzuki, I. (2016a). Induction of long-term
potentiation and depression phenomena in human induced pluripotent stem cell-derived
cortical neurons. Biochemical and biophysical research communications 469(4), 856-862.
Odawara, A., Katoh, H., Matsuda, N., and Suzuki, I. (2016b). Physiological maturation
and drug responses of human induced pluripotent stem cell-derived cortical neuronal
networks in long-term culture. Scientific reports 6(1), 1-14.

Odawara, A., Matsuda, N., Ishibashi, Y., Yokoi, R., and Suzuki, I. (2018). Toxicological
evaluation of convulsant and anticonvulsant drugs in human induced pluripotent stem
cell-derived cortical neuronal networks using an MEA system. Scientific reports 8(1), 1-
11.

Odawara, A., Saitoh, Y., Alhebshi, A., Gotoh, M., and Suzuki, I. (2014). Long-term
electrophysiological activity and pharmacological response of a human induced
pluripotent stem cell-derived neuron and astrocyte co-culture. Biochemical and
biophysical research communications 443(4), 1176-1181.

Ojima, A., and Miyamoto, N. (2018). Method for MEA Data analysis of drug-treated rat
primary neurons and human ipsc-derived neurons to evaluate the risk of drug-induced
seizures. Yakugaku zasshi: Journal of the Pharmaceutical Society of Japan 138(6), 823-
828.

Pacico, N., and Mingorance-Le Meur, A. (2014). New in vitro phenotypic assay for
epilepsy: fluorescent measurement of synchronized neuronal calcium oscillations. PLoS
One 9(1), e84755.

Passaro, A. P, Aydin, O., Saif, M. T. A., and Stice, S. L. (2021). Development of an
objective index, neural activity score (NAS), reveals neural network ontogeny and
treatment effects on microelectrode arrays. Scientific reports 11(1), 1-12.

Plumbly, W., Brandon, N., Deeb, T. Z., Hall, J., and Harwood, A. J. (2019). L-type voltage-
gated calcium channel regulation of in vitro human cortical neuronal networks. Scientific
reports 9(1), 1-12.

Robinette, B. L., Harrill, J. A., Mundy, W. R., and Shafer, T. J. (2011). In vitro assessment

81



275 3CHk

of developmental neurotoxicity: use of microelectrode arrays to measure functional
changes in neuronal network ontogeny1l. Frontiers in neuroengineering 4, 1.

Seidel, D., Jahnke, H.-G., Englich, B., Girard, M., and Robitzki, A. A. (2017). In vitro
field potential monitoring on a multi-microelectrode array for the electrophysiological
long-term screening of neural stem cell maturation. Analyst 142(11), 1929-1937.
Shirakawa, T., and Suzuki, I. (2020). Approach to Neurotoxicity using Human iPSC
Neurons: Consortium for Safety Assessment using Human iPS Cells. Current
pharmaceutical biotechnology 21(9), 780-786.

Suzuki, I., and Ishibashi, Y. (2019). Japan Patent, P6558786, B1.

Toivanen, M., Pelkonen, A., Mékinen, M., Yla-Outinen, L., Sukki, L., Kallio, P., Ristola,
M., and Narkilahti, S. (2017). Optimised PDMS tunnel devices on MEAs increase the
probability of detecting electrical activity from human stem cell-derived neuronal
networks. Frontiers in neuroscience 11, 606.

Tukker, A. M., Van Kleef, R. G., Wijnolts, F. M., De Groot, A., and Westerink, R. H.
(2020a). Towards animal-free neurotoxicity screening: Applicability of hiPSC-derived
neuronal models for in vitro seizure liability assessment. ALTEX-Alternatives to animal
experimentation 37(1), 121-135.

Tukker, A. M., Wijnolts, F. M., de Groot, A., and Westerink, R. H. (2018). Human iPSC-
derived neuronal models for in vitro neurotoxicity assessment. Neurotoxicology 67, 215-
225.

Tukker, A. M., Wijnolts, F. M., de Groot, A., and Westerink, R. H. (2020b). Applicability
of hiPSC-Derived Neuronal Cocultures and Rodent Primary Cortical Cultures for In
Vitro Seizure Liability Assessment. Toxicological Sciences 178(1), 71-87.

Valdivia, P., Martin, M., LeFew, W. R., Ross, J., Houck, K. A., and Shafer, T. J. (2014).
Multi-well microelectrode array recordings detect neuroactivity of ToxCast compounds.
Neurotoxicology 44, 204-217.

Watkins, P. (2011). Drug safety sciences and the bottleneck in drug development. Clinical
Pharmacology & Therapeutics 89(6), 788-790.

Yokoi, R., Okabe, M., Matsuda, N., Odawara, A., Karashima, A., and Suzuki, I. (2019).
Impact of sleep—wake-associated neuromodulators and repetitive low-frequency
stimulation on human iPSC-derived neurons. Frontiers in neuroscience 13, 554.

human ipsc-derived neurons. Frontiers in neuroscience. 13:554.

Accardi MV, Huang H, Authier S. 2018. Seizure liability assessments using the
hippocampal tissue slice: Comparison of non-clinical species. Journal of pharmacological
and toxicological methods. 93:59-68.

Amin H, Maccione A, Marinaro F, Zordan S, Nieus T, Berdondini L. 2016. Electrical

82



275 3CHk

responses and spontaneous activity of human ips-derived neuronal networks
characterized for 3-month culture with 4096-electrode arrays. Frontiers in neuroscience.
10:121.

Balez R, Steiner N, Engel M, Mufioz SS, Lum JS, Wu Y, Wang D, Vallotton P, Sachdev P,
O’Connor M. 2016. Neuroprotective effects of apigenin against inflammation, neuronal
excitability and apoptosis in an induced pluripotent stem cell model of alzheimer’s
disease. Scientific reports. 6(1):1-16.

Black BJ, Atmaramani R, Pancrazio JJ. 2017. Spontaneous and evoked activity from
murine ventral horn cultures on microelectrode arrays. Frontiers in cellular
neuroscience. 11:304.

Bosca A, Martina M, Py C. 2014. Planar patch clamp for neuronal networks—
considerations and future perspectives. Patch-clamp methods and protocols. Springer. p.
93-113.

Bradley JA, Luithardt HH, Metea MR, Strock CdJ. 2018. In vitro screening for seizure
liability using microelectrode array technology. Toxicological Sciences. 163(1):240-253.
Bradley JA, Strock CdJ. 2019. Screening for neurotoxicity with microelectrode array.
Current Protocols in Toxicology. 79(1):e67.

Breier JM, Radio NM, Mundy WR, Shafer TdJ. 2008. Development of a high-throughput
screening assay for chemical effects on proliferation and viability of immortalized human
neural progenitor cells. Toxicological Sciences. 105(1):119-133.

Cook D, Brown D, Alexander R, March R, Morgan P, Satterthwaite G, Pangalos MN.
2014. Lessons learned from the fate of astrazeneca's drug pipeline: A five-dimensional
framework. Nature reviews Drug discovery. 13(6):419-431.

Croom EL, Shafer TdJ, Evans MV, Mundy WR, Eklund CR, Johnstone AF, Mack CM,
Pegram RA. 2015. Improving in vitro to in vivo extrapolation by incorporating
toxicokinetic measurements: A case study of lindane-induced neurotoxicity. Toxicology
and applied pharmacology. 283(1):9-19.

Fan J, Thalody G, Kwagh J, Burnett E, Shi H, Lewen G, Chen S-J, Levesque P. 2019.
Assessing seizure liability using multi-electrode arrays (mea). Toxicology in Vitro. 55:93-
100.

Franz D, Olsen HL, Klink O, Gimsa J. 2017. Automated and manual patch clamp data
of human induced pluripotent stem cell-derived dopaminergic neurons. Scientific data.
4(1):1-11.

Frega M, Van Gestel SH, Linda K, Van Der Raadt J, Keller J, Van Rhijn J-R, Schubert
D, Albers CA, Kasri NN. 2017. Rapid neuronal differentiation of induced pluripotent

stem cells for measuring network activity on micro-electrode arrays. JoVE (Journal of

83



275 3CHk

Visualized Experiments). (119):e54900.

Gerber LS, van Melis LV, van Kleef RG, de Groot A, Westerink RH. 2021. Culture of rat
primary cortical cells for microelectrode array (mea) recordings to screen for acute and
developmental neurotoxicity. Current Protocols. 1(6):e158.

Grainger Al, King MC, Nagel DA, Parri HR, Coleman MD, Hill EJ. 2018. In vitro models
for seizure-liability testing using induced pluripotent stem cells. Frontiers in
Neuroscience. 12:590.

Hyvéarinen T, Hyysalo A, Kapucu FE, Aarnos L, Vinogradov A, Eglen Sd, Yla-Outinen L,
Narkilahti S. 2019. Functional characterization of human pluripotent stem cell-derived
cortical networks differentiated on laminin-521 substrate: Comparison to rat cortical
cultures. Scientific reports. 9(1):1-15.

Irwin S. 1968. Comprehensive observational assessment: Ia. A systematic, quantitative
procedure for assessing the behavioral and physiologic state of the mouse.
Psychopharmacologia. 13(3):222-257.

Ishibashi Y, Odawara A, Kinoshita K, Okamura A, Shirakawa T, Suzuki I. 2021.
Principal component analysis to distinguish seizure liability of drugs in human ips cell-
derived neurons. Toxicological Sciences. 184(2):265-275.

Ishii MN, Yamamoto K, Shoji M, Asami A, Kawamata Y. 2017. Human induced
pluripotent stem cell (hipsc)-derived neurons respond to convulsant drugs when co-
cultured with hipsc-derived astrocytes. Toxicology. 389:130-138.

Kayama T, Suzuki I, Odawara A, Sasaki T, Ikegaya Y. 2018. Temporally coordinated
spiking activity of human induced pluripotent stem cell-derived neurons co-cultured
with astrocytes. Biochemical and biophysical research communications. 495(1):1028-
1033.

Kosnik MB, Strickland JD, Marvel SW, Wallis DJ, Wallace K, Richard AM, Reif DM,
Shafer TdJ. 2020. Concentration—response evaluation of toxcast compounds for
multivariate activity patterns of neural network function. Archives of toxicology.
94(2):469-484.

Kreir M, Van Deuren B, Versweyveld S, De Bondt A, Van den Wyngaert I, Van der Linde
H, Lu H, Teuns G, Gallacher D. 2018. Do in vitro assays in rat primary neurons predict
drug-induced seizure liability in humans? Toxicology and applied pharmacology. 346:45-
57.

Kuroda T, Matsuda N, Ishibashi Y, Suzuki I. 2023. Detection of astrocytic slow oscillatory
activity and response to seizurogenic compounds using planar microelectrode array.
Frontiers in Neuroscience. 16:2266.

Matsuda N, Odawara A, Katoh H, Okuyama N, Yokoi R, Suzuki I. 2018. Detection of

84



275 3CHk

synchronized burst firing in cultured human induced pluripotent stem cell-derived
neurons using a 4-step method. Biochemical and biophysical research communications.
497(2):612-618.

McConnell ER, McClain MA, Ross J, LeFew WR, Shafer TdJ. 2012. Evaluation of multi-
well microelectrode arrays for neurotoxicity screening using a chemical training set.
Neurotoxicology. 33(5):1048-1057.

Nicolas J, Hendriksen Pd, van Kleef RG, de Groot A, Bovee TF, Rietjens IM, Westerink
RH. 2014. Detection of marine neurotoxins in food safety testing using a multielectrode
array. Molecular nutrition & food research. 58(12):2369-2378.

Obien MEJ, Deligkaris K, Bullmann T, Bakkum DdJ, Frey U. 2015. Revealing neuronal
function through microelectrode array recordings. Frontiers in neuroscience. 8:423.
Odawara A, Katoh H, Matsuda N, Suzuki I. 2016a. Induction of long-term potentiation
and depression phenomena in human induced pluripotent stem cell-derived cortical
neurons. Biochemical and biophysical research communications. 469(4):856-862.
Odawara A, Katoh H, Matsuda N, Suzuki I. 2016b. Physiological maturation and drug
responses of human induced pluripotent stem cell-derived cortical neuronal networks in
long-term culture. Scientific reports. 6(1):1-14.

Odawara A, Matsuda N, Ishibashi Y, Yokoi R, Suzuki I. 2018. Toxicological evaluation of
convulsant and anticonvulsant drugs in human induced pluripotent stem cell-derived
cortical neuronal networks using an mea system. Scientific reports. 8(1):1-11.

Odawara A, Saitoh Y, Alhebshi A, Gotoh M, Suzuki I. 2014. Long-term
electrophysiological activity and pharmacological response of a human induced
pluripotent stem cell-derived neuron and astrocyte co-culture. Biochemical and
biophysical research communications. 443(4):1176-1181.

Ojima A, Miyamoto N. 2018. Method for mea data analysis of drug-treated rat primary
neurons and human ipsc-derived neurons to evaluate the risk of drug-induced seizures.
Yakugaku zasshi: Journal of the Pharmaceutical Society of Japan. 138(6):823-828.
Pacico N, Mingorance-Le Meur A. 2014. New in vitro phenotypic assay for epilepsy:
Fluorescent measurement of synchronized neuronal calcium oscillations. PLoS One.
9(1):e84755.

Plumbly W, Brandon N, Deeb TZ, Hall J, Harwood Ad. 2019. L-type voltage-gated
calcium channel regulation of in vitro human cortical neuronal networks. Scientific
reports. 9(1):1-12.

Seidel D, Jahnke H-G, Englich B, Girard M, Robitzki AA. 2017. In vitro field potential
monitoring on a multi-microelectrode array for the electrophysiological long-term

screening of neural stem cell maturation. Analyst. 142(11):1929-1937.

85



275 3CHk

Shirakawa T, Suzuki I. 2020. Approach to neurotoxicity using human ipsc neurons:
Consortium for safety assessment using human ips cells. Current pharmaceutical
biotechnology. 21(9):780-786.

Strickland JD, Martin MT, Richard AM, Houck KA, Shafer TdJ. 2018. Screening the
toxcast phase ii libraries for alterations in network function using cortical neurons grown
on multi-well microelectrode array (mwmea) plates. Archives of toxicology. 92(1):487-500.
Toivanen M, Pelkonen A, Makinen M, Yla-Outinen L, Sukki L, Kallio P, Ristola M,
Narkilahti S. 2017. Optimised pdms tunnel devices on meas increase the probability of
detecting electrical activity from human stem cell-derived neuronal networks. Frontiers
in neuroscience. 11:606.

Tukker AM, Van Kleef RG, Wijnolts FM, De Groot A, Westerink RH. 2020a. Towards
animal-free neurotoxicity screening: Applicability of hipsc-derived neuronal models for
in vitro seizure liability assessment. ALTEX-Alternatives to animal experimentation.
37(1):121-135.

Tukker AM, Westerink RH. 2021. Novel test strategies for in vitro seizure liability
assessment. Expert Opinion on Drug Metabolism & Toxicology. 17(8):923-936.

Tukker AM, Wijnolts FM, de Groot A, Westerink RH. 2018. Human ipsc-derived neuronal
models for in vitro neurotoxicity assessment. Neurotoxicology. 67:215-225.

Tukker AM, Wijnolts FM, de Groot A, Westerink RH. 2020b. Applicability of hipsc-
derived neuronal cocultures and rodent primary cortical cultures for in vitro seizure
liability assessment. Toxicological Sciences. 178(1):71-87.

Valdivia P, Martin M, LeFew WR, Ross J, Houck KA, Shafer TdJ. 2014. Multi-well
microelectrode array recordings detect neuroactivity of toxcast compounds.
Neurotoxicology. 44:204-217.

Watkins P. 2011. Drug safety sciences and the bottleneck in drug development. Clinical
Pharmacology & Therapeutics. 89(6):788-790.

Yokoi R, Okabe M, Matsuda N, Odawara A, Karashima A, Suzuki I. 2019. Impact of
sleep—wake-associated neuromodulators and repetitive low-frequency stimulation on
human ipsc-derived neurons. Frontiers in neuroscience. 13:554.

Inouye, S. K., Westendorp, R. G. J., & Saczynski, J. S. (2014). Delirium in elderly people.
In The Lancet (Vol. 383, Issue 9920, pp. 911-922). Elsevier B.V.

Alagiakrishnan, K., & Wiens, C. A. (2004). An approach to drug induced delirium in the
elderly. In Postgraduate Medical Journal (Vol. 80, Issue 945, pp. 388—393).
Bhattacharyya, S., Darby, R. R., Raibagkar, P., Gonzalez Castro, L. N., & Berkowitz, A.
L. (2016). Antibiotic-associated encephalopathy. Neurology, 86(10), 963—971.
REULING, J. R., & CRAMER, C. (1947). INTRATHECAL PENICILLIN. Journal of the

86



275 3CHk

American Medical Association, 134(1), 16—18.

Beck, M. R. C. P. E., & Jane Somerville, M. R. C. P. (1968). Penicillin encephalopathy N.
CONWAY. In Postgrad. med. J (Vol. 44).

Sugimoto, M., Fukami, S., Kayakiri, H., Yamazaki, S., Matsuoka, N., Uchida, I., &
Mashimo, T. (2001). The b-lactam antibiotics, penicillin-G and cefoselis have dillerent
mechanisms and sites of action at GABA A receptors. In British Journal of Pharmacology
(Vol. 135).

De Sarro, A., Ammendola, D., Zappala, M., Grasso, S., & De Sarro, G. B. (1995).
Relationship between Structure and Convulsant Properties of Some-Lactam Antibiotics
following Intracerebroventricular Microinjection in Rats. In ANTIMICROBIAL
AGENTS AND CHEMOTHERAPY (Vol. 39, Issue 1).

Alkharfy, K. M., Kellum, J. A., Frye, R. F., & Matzke, G. R. (2000). Effect of Ceftazidime
on Systemic Cytokine Concentrations in Rats (Vol. 44, Issue 11).

Sutter, R., Riiegg, S., & Tschudin-Sutter, S. (2015). Seizures as adverse events of
antibiotic drugs: A systematic review. Neurology, 85(15), 1332—1341.

Bhattacharyya, S., Darby, R. R., Raibagkar, P., Gonzalez Castro, L. N., & Berkowitz, A.
L. (2016). Antibiotic-associated encephalopathy. Neurology, 86(10), 963—971.

Thomas, R. J., & Reagan, D. R. (1996). Association of a Tourette-like syndrome with
ofloxacin. The Annals of Pharmacotherapy, 30(2), 138—141.

Schmuck, G., Schiirmann, A., & Schliiter, G. (1998). Determination of the excitatory
potencies of fluoroquinolones in the central nervous system by an in vitro model.
Antimicrobial Agents and Chemotherapy, 42(7), 1831—1836.

Bandettini di Poggio, M., Anfosso, S., Audenino, D., & Primavera, A. (2011).
Clarithromycin-induced neurotoxicity in adults. Journal of Clinical Neuroscience, 18(3),
313-318.

Ramakrishna Rao, D. N., & Mason, R. P. (1987). Generation of nitro radical anions of
some 5-nitrofurane, 2- and 5-nitroimidazoles by norepinephrine, dopamine, and
serotonin. A possible mechanism for neurotoxicity caused by nitroheterocyclic drugs.
Journal of Biological Chemistry, 262(24), 11731-11736.

Alston, T. A., & Abeles, R. H. (1987). Enzymatic conversion of the antibiotic
metronidazole to an analog of thiamine. Archives of Biochemistry and Biophysics, 257(2),
357-362.

Kim, E., Na, D. G., Kim, E. Y., Kim, J. H., Son, K. R., & Chang, K. H. (2007). MR imaging
of metronidazole-induced encephalopathy: Lesion distribution and diffusion-weighted
imaging findings. American Journal of Neuroradiology, 28(9), 1652—1658.

Tamune, H., Hamamoto, Y., Aso, N., & Yamamoto, N. (2019). Cefepime-induced

87



275 3CHk

encephalopathy: Neural mass modeling of triphasic wave-like generalized periodic
discharges with a high negative component (Tri-HNC). Psychiatry and Clinical
Neurosciences, 73(1), 34—42.

Wallace, K. L. (1997). Antibiotic-induced convulsions. Critical Care Clinics, 13(4), 741—
762.

Gutnick, M. J., & Prince, D. A. (1971). Penicillinase and the convulsant action of
penicillin. Neurology, 21(7), 759—764.

Kushner, J. M., Peckman, H. J., & Snyder, C. R. (2001). Seizures associated with
fluoroquinolones. The Annals of Pharmacotherapy, 35(10), 1194—1198.

Neame, M., King, C., Riordan, A., Iyer, A., Kneen, R., Sinha, 1., & Hawcutt, D. B. (2020).
Seizures and quinolone antibiotics in children: a systematic review of adverse events.
European Journal of Hospital Pharmacy, 27(2), 60 LP — 64.

Akahane, K., Kato, M., & Takayama, S. (1993). Involvement of inhibitory and excitatory
neurotransmitters in levofloxacin- and ciprofloxacin-induced convulsions in mice.
Antimicrobial Agents and Chemotherapy, 37(9), 1764—1770.

Bichler, E. K., Elder, C. C., & Garcia, P. S. (2017). Clarithromycin increases neuronal
excitability in CA3 pyramidal neurons through a reduction in GABAergic signaling.
Journal of Neurophysiology, 117(1), 93—103.

Vilaca, C. (2018). Seizures Related to Antibiotic Use: Update. Biomedical Journal of
Scientific & Technical Research, 4(2), 3845-3849.

88



7 v b CSFRET — % OIS, in vitro DIEEHME TR T 57 4 Al v g |
FER DRI TOBRBIRR DO 2 DEEIRT 4 Ad v ¥ a & SETHW LR
KTHDLT AT 7 AR A )IE AR AR TRk, AR D2 BRGH L BT £,

89



ES IS

XEBIVRX B

=
1.

(TP

Yuto Ishibashi, Nami Nagafuku, Kenichi Kinoshita, Ai Okamura, Takafumi Shirakawa,
Tkuro Suzuki, Verification of the seizure liability of compounds based on their in vitro
functional activity in cultured rat cortical neurons and co-cultured human iPSC-derived
neurons with astrocytes and in vivo cerebrospinal fluid concentration for in vitro to in
vivo extrapolation, Toxicological Sciences, in rivision

Taeko Kuroda, Naoki Matsuda, Yuto Ishibashi, Ikuro Suzuki, Detection of astrocytic slow
oscillatory activity and response to seizurogenic compounds using planar microelectrode
array, Frontiers in Neuroscience, 16, 1050150, 2023

Xiaobo Han, Naoki Matsuda, Yuto Ishibashi, Aoi Odawara, Sayuri Takahashi, Norie Tooi,
Koshi Kinoshita, Ikuro Suzuki, A functional neuron maturation device provides
convenient application on microelectrode array for neural network measurement,

Biomaterials Research, 26, 84, 2022

Yuto Ishibashi, Shingo Kimura, Ikuro Suzuki, Responses to antibiotics in human iPSC-
derived neurons based on the clinical antibiotic-associated encephalopathy classification,
The Journal of Toxicological Sciences, 47, 10, 429-437, 2022

Aoi Odawara, Mikako Shibata, Yuto Ishibashi, Nami Nagafuku, Naoki Matsuda, Ikuro
Suzuki, In Vitro Pain Assay Using Human iPSC-Derived Sensory Neurons and

Microelectrode Array, Toxicological Sciences, 188(1), 131-141, 2022

Remi Yokoi, Mikako Shibata, Aoi Odawara, Yuto Ishibashi, Nami Nagafuku, Naoki
Matsuda, Ikuro Suzuki, Analysis of signal cmponents < 500 Hz brain organoids coupled
to microelectrode array: A reliable test-bed for preclinical seizure liability assessment of
drugs and screening of antiepileptic drugs, Biochemistry and Biophysics Reports, 28,
101148, 2021

Yuto Ishibashi, Aoi Odawara, Kenichi Kinoshita, Ai Okamura, Takafumi Shirakawa,
Ikuro Suzuki, Principal Component Analysis to Distinguish Seizure Liability of Drugs in
Human iPS Cell-Derived Neurons, Toxicological Sciences, 24, 184(2), 265-275, 2021

Aoi Odawara, Naoki Matsuda, Yuto Ishibashi, Remi Yokoi, Ikuro Suzuki,
Toxicological evaluation of convulsant and anticonvulsant drugs in human induced
pluripotent stem cell-derived cortical neuronal networks using an MEA system,
Scientific Reports, 8(1), 10416, 2018

Ha

1.

BARARER, TiBE A, B O EIG SN DT — ZITx L TN—2 MW &7 5 J7ik,
A a—H AT A, TRTT A BT, A=A M A A OTEOIREE T
WF2HE, arBa—F2T AT L 7ar T 5 FEFH 7138995 5

EARHBER, BN AERORHED TR ZAT O 7O DL, A Ba—F U AT A
Tar T I RiEFH 6558786 7

90



ES IS

FEER

IR AN

Ea)7
1.

N IS i

Yuto Ishibashi, Nami Nagafuku, Ikuro Suzuki, Toxicity risk assessment method for

compounds using human iPS cell-derived neurons, Neuroscience 2022, 2022

Yuto Ishibashi, Kazutoshi Ogawa, Ikuro Suzuki, The electrophysiological responses to
antibacterial drugs in human iPSC-derived neurons demonstrate the classification of
antibacterial drug encephalopathy in clinical, SAFETY PHARMACOLOGY SOCIETY
VIRTUAL MEETING, 2020

Yuto Ishibashi, Naoki Matsuda, Aoi Odawara, Remi Yokoi, Ikuro Suzuki, Prediction
Methods for Seizure Liability and MoA of Drugs Based on the Electrophysiological
Activities of hiPS Cell-Derived Neurons, SOT2020 59th Annual Meeting & ToxExpo, 2020
Yuto Ishibashi, Misaki Shimizu, Sayuri Takahashi, Remi Yokoi, Naoki Matsuda, Aoi
Odawara, Ikuro, Suzuki, Separation of drug effects in human iPS cell-derived neurons
using MEA system, Neuroscience 2019, 2019

Yuto Ishibashi, Aoi Odawara, Ikuro Suzuki, Drug-induced seizure-like activities in
cultured human iPSC-derived neuron, ISSCR 2019 Annual Meeting, 2019

Yuto Ishibashi, Aoi Odawara, Naoki Matsuda, Ikuro Suzuki, Classification of drug-
induced seizure-like activities in cultured human iPSC-derived neurons, SOT2019 58
t h Annual meeting, 2019

Yuto Ishibashi, Aoi Odawara, Ai Okamura, Kenich Kinoshita, Takafumi Shirakawa,
Ikuro Suzuki, Evaluation of convulsant-induced firings in cultured human iPS cell-
derived neurons using principal component analysis, Neuroscience 2018, 2018

Yuto Ishibashi, Aoi Odawara, Takafumi Shirakawa, Kenichi Kinoshita, Ai Okamura,
Norimasa Miyamoto, Atsuko Ojima, Takuya Kondo, Rie Hando, Kaoru Morimura, Kaoru
Sato, Ikuro Suzuki, CSAHi study: Detection of drug-induced seizure-like activities of 3
convulsants at 6 facilities using micro-electrode arrays in combination with human iPS

cell-derived neurons, SPS 2018 Annual meeting, 2018

[EP =

1.

2.

3.

4.

LBEA, BED, RHEER, HAAEE, MEAFHICE ST A had g hoAtv L—v
a VR &S L AW~ DA, 5 14 (8] A AZ S PEKERTJE AIR4ES . 2023
BB AN, KIEEE, SSAAES, & N iPSMfafk R— "3 v =a—a COBXIEEIC LS
ARTFIERA FEILOFHM, 55 96 [] 0 RIS FES, 2022

FABFR N, KIEHEE, SRR, & N iPSMildf k=2 — 1 v OBRIGE 2 HIE & Lok
MOFENEY A7 FMEORRT, 13 [EA 7V —= 72 5E e 2022

FABR N, AR, SSAACER, & N iPSffaf K F— 33 v = a2 —m v OBEXIEE 2

91



ES IS

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

TAARAHEFE OMFE, 45 49 RITEME 22 2INES . 2022

FABE N, KIEHEE, SAACRS, & N IPS MIfaH k= = —m v & o BRIERE L A D

PEU R 73, 26 95 [B] A ARSI R F L 2022

AEE AN, KEFKE, SIARACES, & MiPSHlafk=a—w 2 W clbEmomEEY 22

AR ORGEE, 2 18 [\ A AR EMEEEI L AT E S 2022

AR RTHE—, FAZ QISR SRR, ERDOITIC L2 T v Mz Hviz

SERIMERAE U 2 7 Of, 26 48 [B] H AR PR IS, 2021

BB, RTHE— FMFE QIPESL, SRR, 7 v D 2 72 SRR ) 2 >
Z IR WA 515, 5 12 Bl A R RSB R S TR S, 2021

BB AN, B, SARHRRR, in vitro MREEEED LA EMHTIC L D EES O FME - /EH

BT, 2020 4R Z A 7R — N R T84 2020

FEBA, BN A, BARAAR, & b iPS Ml k= o — 1 ORBERIHIBIT 251 TA
AR, 55 27 8] HAB #FFeRst 21 R4 . 2020

FABRAN, WAE, BN, R TRE—, AL, SARARRR, SEEYER N DR Y X 7 %

EHERIE L RVMEEWICRTT % in vitro MEA 2 2T L& W& ) 2 7 5, 5 47 &
A AmM PR TN FES 2020

AEHEAN, HEES, DHREHIB, #ng, AR, b M IPSMllfk=a2—n

BEARIEENC SN AL I L 2B o icsmEm it JOERMBST PRI, 25 93 [B A ASEH S

SES 2020

FREHEN, NI, $AACES, B b iPS #RICIIT 2 PURSRINE & R ICR1T D8t

FEX A 7ML OB, 5 11 R MR RS FIRE S . 2020

FREEBA, NIFI, BN, SAAREES, b b iPS ML Sk R > U — 27 OEKIED)
ZIEEEL L7= AAE U 27 IO BR, HIKT v B A AFER Y VR T A Tl T » & A

firOBLIR &oRF3k) . 2020

FRBBEA, HEOHB, $ARHES. MEA > 257 A% A=t b iPS flllaf kiR v k
U — 7\ 28T B IAIMEE B OBt L OWERTHEE A2 BIE L7122 8. % 10 [[
A7) —= TS, 2019

AEEA, PHESHIB, EAREL, & M PSMlaHk= 2 —nr 21T 2 EQ L TFRIIS

BOZEEMNT, B AR ERMNREFS 5 32 BKE, 2019

FEBEN, BFEA, NI, AEEHISV, SRR, EEREAERE L7zt  iPS

B k= 2 — 1 U NC BT D H T AN AIEE EREOISESHT, & 53 [\ AT AN AT F
2. 2019

AEEAN, HEHIBV, $RAES, & N IPSHIldHE= = —r BT 2 EHR GO #EER
FOMESFHEE L B LT 2B BT, AARNA A~T V7V ZEaddb 7 v v 7 iEHEA,

2019

ABEN, MHERERHB, MR, KTFRE—, Q)L s, b b iPSMlamk= =

e

FeN

BB
=

92



ES IS

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

—nr O MEA 7 — 2128 25 GO Bt b FE, 5 46 5] A RGPS5
. 2019

AEHE A, PHFEHI, FHERL, SiARES, b N iPS Mgk k= 2 —n BT 25
PR S AERB P HEE 2 B LI B s KOV 7 22 —434r, 28 18 [al A AR A
IR, 2019

AEEA, NHIEHB, B, $5AHER, Principal component analysis for predicting
the seizure liability and the mechanism of action of drugs in human iPSC-derived neural
network : HESI pilot study, %5 92 [f] H ASKE PSS 2019

FBEA, PMHEHB, $AHES. b b iPS #iafk=a2—1 D MEA 5 — & /> 5k
AL SR DINE DO BER KOMERBT 2 0T 2 FiE. A AR MR ERE
10 [EI5AAfrAESs . 2019

FBEBA, PMHEEHBV, SAHES, MEA 27 A& MW= b kb iPS e f sk v k
U — 7 2B D FAIMEAEFE M OB I JOWEMBFHEE 2 B L2 /., 5 9 |12
7V —= 7R, 2018

FEREAN, MRIEHIB, W, KT, B)IPEE, SiAHRER, SR EN: & EH
MEFHEAZBfE L2t + iPS #illER= = — o v OBEBKIEENCRIT 2T X7 A —2 D F
RRo3 30T, B 45 Bl B R EME R IRGE . 2018

FBHREA, DHEOHI, SARES, b b iPS Milaf k= = — v 28T 2 FAIMER AR5
JEE DRSS R 5 17 Bl B AR R SR, 2018

LBEBEA, /AREHBY, $AARES. invitro bk iPS #Mliafh skt x v b U —27 & invivo
b MM ORAERE K & FLEERTRE & 2 B BURT. 3B 2T 7 A 7 R— " FR 7747
A2, 2018

AEBEA, NHERSB, BILER, WA 2, KT, @)1 &8, SRR, JEAIE
KBNS LOEHEFE T Z BFE L2t b iPS Milafk=a—no U (CBIT 2 BEXIEHO
JESIPERRAT I DRESE & R ARNT . 2B 9 IR E 2. 2018

LHBEEA, DHEGHIB, SARES, b b iPS Ml k= o — v o OIRFIVELRGH 5 W5 O 5
PEZHh 3 2 BARUIEEN Y O 8 ER bt 55 33 17 4 7 ¥R — b raka, 2017
LHBEEA, DHEHIB, SARES, b b iPS Mg k= = — v > OIRFINMERBGH 5 % T
AIRE & 5 BAIRENIY O BT, Pk 29 4F BRFES B - W - VAT AKX
2. 2017

93



