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Methodical screening of safe and efficient drug candidate compounds is critical for any drug development
program. A high throughput and accurate compound evaluation method targeting the central nervous system can
be achieved using in vitro neural network function. In particular, an evaluation system based on a human-derived
neural network that can act as an alternative to animal experiments is desirable in terms of species difference.
Microelectrode array (MEA) is one such evaluation system that can measure in vitro neural activity; however,
studies on compound evaluation criteria and in vitro to in vivo extrapolation are lacking. In this study, we
identified parameters that can remove the effects of solvents from neural activity data obtained using MEA and
help in accurate compound evaluation. In addition, we resolved the issue of compound evaluation criteria during
MEA assessment using principal component analysis by setting standard deviation of the solvent as an indicator
of seizure liability. The assessment of 10 seizurogenic compounds and four negative controls was done using
MEA-based co-cultured human induced pluripotent stem cell-derived neurons and astrocytes. In addition, we
determined the rat cerebrospinal fluid (CSF) concentration during tremor and convulsion in response to test
compound exposure. We verified the in vitro to in vivo extrapolation viewpoint and the species differences by
comparing the concentrations at which seizure liability was detected using the MEA system and the

concentration observed in the rat CSF.

1. iZtoic A RS E < . A A—Ty M AT

e 3K 0 B R CIE 2 ko O E SR A L A
WEHRLBNTHIEDNEETH DL, BF
PEFEAT CIXEM EBR I X 0 RN TO BECE
TERDSEHIE STV D, T b AR AR BRI
BT OBENLHIEDO EHEARFHERDO O L ST
HY, TOERERDO 1 DIFERHEETH D,
D ITEM IR L ERIRRBRIC I TS, Bl
bt hEOREENRKOOESTHDLEEZ LN
%, FEEIENMEDOFAMD 7= O I £ S - F25r T
X, 7y b, =278 A4 X, FEE TR
X DI RN H D Z ENHES T
%, FAOBLANLEWYEBRICETHE MH
KRR Y U —7 B AW in vitro #EEEEE
IR & LT b WaH s OREZE R D H AL T
W%, In vitro fREERE & G FTRE 2 BT %
T MEA 3Ry hU— 27 OFBK LY
HEE) 2 IR T, Ak fERE . 2 i FReE HHl
T, ALAEMEE I XD MRER Y N T — 7 OIE

BB Th D%, BWERICRET S in vitro ik
BEREZ FEIE & L7 b A aiilis & LCTHIf S
TW5, ZNETOWFEIZLY, & FiPS i
k= =2—um & iz MEA #HlICB W TH
FAIGEO, IREIEADINE 72 EOMER > b U
— 7 OFHMENEE SN TS, & 5IZ, MEA
% AW TZAFGEITITAE S A iThbi TR v, ik
FNTT A ROIEBFHUOMEL, i EEMm
Tdh b CMOS-MEA T & % mfifdg B 2 HE
B L, MEA ~O#IFFEITIERFICELS, B
iPS fifafHE == —a > ® MEA HIEIC LS
= 3R O TR T IR OREFIZ AT 72 B
HBENITENNTND, LILERRL, T—
2 OEAHIATREL 272 b DD, FHETHIOZ
DIFNEDR RIS TH Y . ENINCRRE S 725
TW5,

Z 2 CAMFE CIE, EIRAL B IS B 1T Bk
P CEM EBROMRBIEIC R0V ED L D72 in



vitro MR EE DRI RIESE 2 By & L7o, BAR
MU, in vitroMEA 7 — % % W2 E O &
WEIES O BMFHT A 13X L & T 5 baW
A BT 5 LA BEEL, & N iPS ffaH
k=a—n & vz MEA I X 216689
DIEHE Y 2 7 FHIEZ TS L, # ORISR &
in vivo DFHlifE R & i+ 2% Z & Tin vitroto
in vivo extrapolation (IVIVE) D& CTHFE L
Too FETo. B LTALEWaTMhE D EIE M LSS
~OFERME LAY 27 DA OF ERERA~DIG
HAMEERGET 572912, BEBEEILEMB LV
P S B IME O R AR & FE 0 L 7=,

2. ERFANERANEERLOBEERHED
BA%E

MEA + 27 5Tt S au 7o sfdiE s 3 3=
IR > N U — 2 ORI IEECTH 5 [F
B N— 2 DR IR & S, [ S—
A NFEKROBERR SR E | ka1 Z
A— PR INTE 2, L, g
HBHEERETDHENBEIMTH LD, BEfFOfE
IRAV A Sl A r C Ok ik | Ia MG AN Y |
BUDFET HRERSD D, AW TIE, £
T MEA v A7 ATl SRy b U
— 7 OELIGENC T D BT ST A —&
& L T Network Burst (NB) D& #i1E: % e 4% &
L 7= Periodicity Z M4 L 7=, IR CRAEZME
AHTDHI LD TH B Pilocarpine 1%, BE
TEOREHT/T A — 5 TIEE OIREERHT 5
ZEDRHEETH ST, FHENT ST A —4
& L T Periodicity #5795 Z L12 k> TH
BIKFRRICEZFHIT 2 2 L3 ARE L 72 o
7= (Fig. 1),

.
4, % e e % %, 7
W M N W e %

Figure 1 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 2 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).
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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 PCl and PC2 each
concentrations of compounds.
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Figure 4 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, 1I: 1 uM,
II: 3 uM, IV: 10 pM, V: 30 uM), aminophylline (I:
100 puM, II: 300 puM, III: 1000 uM, IV: 3000 pM),
bupropion (I: 3 uM, II: 10 puM, III: 30 pM),
paroxetine (I: 0.1 uM, 1I: 0.3 uM, III: 1 uM, IV: 3
uM, V: 10 uM), PTZ (I: 30 uM, 1I: 100 uM, III:
300 puM, IV: 1000 uM, V: 3000 uM), picrotoxin (I:
0.1 uM, II: 0.3 uM, III: 1 puM, IV: 3 pM, V: 10 uM),
pilocarpine (I: 3 uM, II: 10 uM, II: 30 uM, IV: 100
uM, V: 300 pM, VI: 1000 uM), strychnine (I: 0.03
uM, II: 0.1 pM, 1II: 0.3 uM, IV: 1 uM, V: 3 uM),
tramadol (I: 3 pM, II: 10 pM, II: 30 uM, IV: 100
uM, V: 300 uM), venlafaxine (I: 3 uM, II: 10 uM,
I: 30 uM, IV: 100 uM), acetaminophen (I: 1 uM,



I: 3 uM, III: 10 uM, IV: 30 uM, V: 100 pM, VI:
300 uM), amoxicillin (I: 1 pM, II: 3 pM, III: 10 pM,
IV: 30 uM, V: 100 pM, VI: 300 uM), aspirin (I: 1
pM, II: 3 pM, 1II: 10 pM, IV: 30 uM, V: 100 pM,
VI: 300 pM), DMSO (I: 0.2%, II: 0.3%, I1I: 0.4%,
IV: 0.5%, V: 0.6%, VI: 0.7%).

Table 1 Comparison of in vivo rat cerebrospinal
fluid concentrations and in vitro seizure liability
risk-detected concentrations.

Tremor Convulsion MEA
Drugs
CSF (M) CSF (HV) (HV)
4-AP 212 5.13 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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Figure 5 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 6 Toxicity risk assessment with the SD of
DMSO. Low risk (blue), middle risk (pink), high
risk (red).
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Figure 7 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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Figure 8 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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