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Establishment of detection method based on field potential of cardiac organoids
and researching effects of mexiletine on field potentials
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Abstract: Objective A field potential measurement method based on a heart organoid model was established for preclinical drug-
induced cardiotoxicity evaluation. Methods Human induced pluripotent stem cells (hiPSCs) were used to construct a heart organoid
model in vitro by self-organization. The morphology was observed under a microscope. On day 18 (D18) of culture, the expression of
fibroblast marker vimentin (VIM), endothelial cell marker CD31, and cardiomyocyte marker cardiac troponin T (¢cTnT) was detected
by immunofluorescence. Potassium channel blocker E-4031 was used as a positive drug to evaluate the effectiveness of the method.
When the heart organoids were in a stable state (D18 < culture time < D30), organoids with stable signal intensity and duration over

three days were divided into a control group (without drug) and an E-4031 (0.5 pmol-L™") group. The culture medium was changed
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1 h before drug administration. Field potentials were detected using microelectrode array technology after drug administration, and
waveforms and electrophysiological parameters were recorded. The potential arrhythmogenic risk of mexiletine (3, 10, 30 pmol-L™)
was evaluated using the established model. Results From D1, hiPSCs condensed and aggregated into spherical structures, forming
embryoid bodies. As the induction differentiation time increased, the diameter of the cell spheres gradually increased, and the edges of
the spheres became clearer. On D8, the spheres began to beat spontaneously. On D18, the heart organoids were in a stable state, the
diameter of the cell spheres tended to be stable, with a diameter of (1 499.03 + 101.60) pm, regular shape, smooth and clear edges, and
regular beating frequency, reaching (33.39 + 8.14) beats'min~!. VIM, CD31, and ¢TnT were highly expressed in the heart organoids,
reaching the expected mature characteristics. Compared with the control group, when 0.5 pmol-L™" E-4031 was added for 1 h, the T
wave was significantly prolonged; the field potential duration (FPD) change rate significantly increased from 1 h (P <0.05, 0.01), and
the corrected field potential duration (FPDc) change rate significantly increased (P < 0.05); the beating period increased, reaching a
higher amplitude at three hours, and the peak amplitude change rate showed a downward trend, but the differences were not significant.
After exposure to 3 and 10 umol-L™' mexiletine, there was no significant displacement of the T wave compared with the control group.
When the mexiletine concentration reached 30 pmol-L", there was no field potential signal. Compared with the control group, the
FPDc change rate in the 10 umol-L™! mexiletine group significantly increased at 3 h (P < 0.05); the beating period change rate showed
a significant change at a mexiletine concentration of 10 umol-L™!, reaching a higher amplitude at 3 h, with a significant difference
(P <0.001); the peak amplitude change rate in the 3 pmol-L™! mexiletine group showed a significant downward trend, with a significant
decrease at five hours (P < 0.05). When the mexiletine concentration reached 10 pumol-L™!, the peak amplitude change rate became
more obvious, showing significant decreases at 1, 3, and 5 h (P < 0.05). Conclusion The field potential detection method of heart
organoids can be used to evaluate drug-induced cardiotoxicity and provide relatively accurate data support in the early stage of drug
development.
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Fig. 2 Immunofluorescence in cardiac organoids at D18 (x10)
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Fig. 6 Effects of mexiletine on FPD, FPDc, beat period, and spike amplitude of cardiac organoids ( X s, n=3)



+ 2106 * $F4A48EFLSH] 202558 A

LR R, Drug Evaluation Research

Vol. 48 No. 8 August 2025

B, SEHIZETR LARIES. RE R SER
Ma 240 o AR Y, VAL O R 2 23 A7 A 1 48
TIRERAT NG, Volmert Z5065# S Wnt 421874,
4 hiPSC PRI T 704k, B IO T, @i
T AR H AR TSR B R E R UF B ILE £ 4
HIYLFTEEH, 383L qQRT-PCR AR R 7 Lo WLLH L 1)
PR E AR CIE R RIE, 1#IT scRNA-scq AR &
TR B R AAAE O A SO LA (o 5N
VCMs fil ACMs) JRE4HAE (VCs)+ o AMEATAE 4
i (PEDCs) 0o AMELH A (ECs) FEF 4 (SCs)-
OAEHZ0A (CPCs) HLFAHM (CCs) FPY Rz 4 A
(EC), JHI X 28 B A R I I S8 56 PR k47 4 i )
IS TS AT, ESE T 0TS 8 B NAAER
ZAR-BLARIE ISR, B G o e AR sz 3
OV FE A B AR B R . DA B BA AR
MRS B AU AR, HEAA 1 & A R A
PEORE) 1O PN B RN R TR, AT AT O
BPE. WL O NER IR AL T — T RE R RS
A,

AR TR AT R R A, A A
0%, AWRAIREE vk, MR T RSO
PERTI O N RAR B o N O ZRA8 B 1R A,
REFEEE 18 R R OF RS B BT e e e e
t, SR EIRRASEANMbREY) VIM. P 40 ks
EWY CD31. LIGIHIFREY) cTnT mERIE, 5
BRI IE LA, R IIATE T ORI L0 E S 8
HEA, wH TP T O R
THTF MEA BRMThREM B AEBEAN, EH E-
4031 VENBAPEZY, @ RRE NI A AR ML, 13
#| FPD. FPDc. #izHH. JQUEHRIE 4 AT S
0, FEREE 0.5 pmol- L' WLZ2 2 B & (1) rEL A= B A
T % B4E K, FPD/FPDc 4810 % 8 2%, iz #Ar
RBR S, 7E 3 h RHIEREERCKR, RIGEIRTE 2RI T
Fta34 . E-4031 /& —Ff hERG EIEFHIF, Eid5
TR Y hERG 1#IE 31T 455, 1] hERG HiH,
SEKAMRZE, SO LN B4 H A I R E
K, FIAOIEEENE, RIESCERIRIED 1, E-4031 1F
FA o VA f5 3247 3% Fa AT B S SRR o i, 48
K FPD A A A, floeidikig, Biuas 54
WL RHEA—F, A BT E-4031 HIZ5PR0CR,
FEORAHIE T E 37 1 3 T 00 I 28 88 B 137 HL AL AG
J7EAT B O IR R 2 3 AL T . SRR
AR TEE: OOERBEEELRES, FRIE

CytoView MEA 24 FLRAE T IR FPIRES : @0
ESR A8 B TR R 7 F4 2 CytoView MEA 24 FLiK
PRI X 4 2GR EERT 1 h BT RO, e
W5E UG B V)RR B E SRS, WG TR
FaE
EVHERAEIG PR B3 H T390 97 58 R A% L8 B
AR EMENVEFRAR, WD NBREISR, W H
VERR IR A 2500, 5 DA R s S R B 52
PO BTG, O I FEBEALCIEERREIY, IR R
GiiffE4h hERG SLEGHHE R SEPEEHIH] hERG
PESFIEE, FFEIIREAHICHE, ~FEmm kA
(ICs0) A 104.7 umol-L7'03, {HIfGARE I Bon, H
MRIETEAE S, AR ISR EETE 2~4 h I )04
fl, Cmax N 2.5 umol- L7112, PHEAAZE 40 £i5, A4k
hERG 45 © J6 7236 2 e PR HI 1R 00 JUE 23 PR VP Ak 757
Ko AWFFEET ORI B BRI,
W& FEEERT ) AL 2 Ve, il sk AR BE S,
ARTEARE R, RO AT VRS . Y
FFEIRIEIAF] 3 pmol- L1, Z5Wxt O IF e 1 ik
HBHIELN, ERERE T (10 pmol- L Xt
CMEEES E HAR B A E — e s, R — &
PIFIE R R R FERIKREEZAF T (10 pmol- L™ F
3hINE H A, AT RLYEER] FPDe HIFEAS. 43
JE B E K L R SR AR R 1 S5 25 P (P<<0.05)
WEBE =R BE () 26 A R BEAE I B I 3G, SV
R 5RO IR BRI 3R, AR
IR PR, R L E AU A R 70 2 24545 - 26
VEEEE I SR ) RIEIR S TS A, S8 Nat R
NI, O SHE B ARIE A%, R AL (R 2E
K, IR CIERE, MR SCIRERE, LPREER TO
JULEH i 0ot 337 FR AT AT E S AN KR 0 A, 330
LUPIENE ST RRE S DRSNS AR S SR N
O, FRIERIRSE . S PELOIE R R B AR
RIFNHLOIA A, RO aET, D3]
VEFAT IR LRI ()2, SR oe st AR — 3. 25
A 5 hy ZRERUE A 3 umol- L1 IR, X Eb xR 4,
VX DA B I A ARG IR R DL B3
PEHIH], SIBIR Cmax (2.5 pmol- L) 023550, $R
BT AT EIG IR Crnax WP X 1H] Y6 [ T 20 24590 1)
OEERE. AT DLOC AR B, X =g
PEHATIE S EAE 4T, KT E-4031 FISE PG
WEBE AT BONHERA I VAL, 2 LT AR
YR RN 5 RO RERE M, — e R B TR



FE48EESH 2025F8 H

{535-‘%&‘;53{ ER Drug Evaluation Research

Vol. 48 No. 8 August 2025 © 2107 -

BIF S P AL) S P 3 T 0 R S 4% S VLA AR O 92 )
Pd ke A AT RS & B 0 TS Bk it
J&, EAERE 2. DIEREE R T =Y,
I, AR LRI 7O B, (HE A
RN GAR DL RAR EE, 3R G JLRERRE,
H T 6= EWRgHM . T 40055 % 40 i LA
I LAHAR, DR TE I S o I T PR AE e
AN BEAE, Tend BN G LR B BAE 24 A
L VAT RS S HESIREAT I, A A3 H DD REAN S,
5 RN O RAFAEZ S, ToVR e SO IR
FRIAREE A 70 TR TT 4 B RO S DL R 5 HL A 2 R
(RIAH AR 23270,

AW TORR IR T O MRS AR E I AL
R 5, B AL B AT AE B SR, il
SRA R LA AR 6] 50T, 2900 D ISR
MIBEERBUE S, o LA S b R (1 = 7 I
—VER R, FRHER BECM (O IEAE 5% T
HEAEH, SRR TGN E R OREREE, 1R
SLIAZG IR TR VAT R BB, N R R BT
O JIE SR A8 B LR B AR Ah O IE TS VR PR A T VR SR A T
—FATHE

FEBAR PIRAEENE ARG BT R

SE R

[1] Stockbridge N, Morganroth J, Shah R R, et al. Dealing
with global safety issues: Was the response to QT-liability
of non-cardiac drugs well coordinated ? [J]. Drug Saf,
2013, 36(3): 167-182.

[2] Tisdale J E, Chung M K, Campbell K B, et al. Drug-
induced arrhythmias: A scientific statement from the
American heart association [J]. Circulation, 2020, 142(15):
e214-¢233.

[3] ICH. S7B-E14 [S]. 2022.

[4] Gibson J K, Yue Y M, Bronson J, et al. Human stem cell-
derived cardiomyocytes detect drug-mediated changes in
action potentials and ion currents [J]. J Pharmacol Toxicol
Methods, 2014, 70(3): 255-267.

[5] Saraswathibhatla A, Indana D, Chaudhuri O. Cell-
extracellular matrix mechanotransduction in 3D [J]. Nat
Rev Mol Cell Biol, 2023, 24(7): 495-516.

[6] Andrysiak K, Stepniewski J, Dulak J. Human-induced
pluripotent stem cell-derived cardiomyocytes, 3D cardiac
structures, and heart-on-a-chip as tools for drug research
[J]. Pflugers Arch, 2021, 473(7): 1061-1085.

[71 Stoppini L, Heuschkel M O, Loussert-Fonta C, et al.

(11]

[12]

[13]

[16]

Versatile micro-electrode array to monitor human iPSC
derived 3D neural tissues at air-liquid interface [J]. Front
Cell Neurosci, 2024, 18: 1389580.

Sala L C, Ward-van Oostwaard D, Tertoolen L G J, et al.
Electrophysiological analysis of human pluripotent stem
cell-derived cardiomyocytes (hPSC-CMs) using multi-
electrode arrays (MEAs) [J]. J Vis Exp, 2017(123): 55587.
Altrocchi C, Van Ammel K, Steemans M, et al. Evaluation
of chronic drug-induced electrophysiological and
cytotoxic effects using human-induced pluripotent stem
cell-derived cardiomyocytes (hiPSC-CMs) [J].
Pharmacol, 2023, 14: 1229960.

Alhourani N, Wolfes J, Kénemann H, et al. Relevance of

Front

mexiletine in the era of evolving antiarrhythmic therapy of
ventricular arrhythmias [J]. Clin Res Cardiol, 2024,
113(6): 791-800.

van der Ree M H, van Dussen L, Rosenberg N, et al.
Effectiveness and safety of mexiletine in patients at risk
for (recurrent) ventricular arrhythmias: A systematic
review [J]. Europace, 2022, 24(11): 1809-1823.

Crumb W J, Vicente J, Johannesen L, et al. An evaluation
of 30 clinical drugs against the comprehensive in vitro
proarrhythmia assay (CiPA) proposed ion channel panel
[J]. J Pharmacol Toxicol Meth, 2016, 81: 251-262.
Windley M J, Abi-Gerges N, Fermini B, et al. Measuring
kinetics and potency of hERG block for CiPA [J]. J
Pharmacol Toxicol Methods, 2017, 87: 99-107.

Sahara M. Recent advances in generation of in vitro
cardiac organoids [J]. Int J Mol Sci, 2023, 24(7): 6244.
Ingber D E. Human organs-on-chips for disease modelling,
drug development and personalized medicine [J]. Nat Rev
Genet, 2022, 23(8): 467-491.

Volmert B, Kiselev A, Juhong A, et al. A patterned human
primitive heart organoid model generated by pluripotent
stem cell self-organization [J]. Nat Commun, 2023, 14(1):
8245.

Guerrelli D, Pressman J, Salameh S, et al. hiPSC-CM
electrophysiology: Impact of temporal changes and study
parameters on experimental reproducibility [J]. Am J
Physiol Heart Circ Physiol, 2024, 327(1): H12-H27.

W, Asakura K, Ando H

Electrophysiological characteristics of human iPSC-

Yamamoto , et al
derived cardiomyocytes for the assessment of drug-
induced proarrhythmic potential [J]. PLoS One, 2016,
11(12): e0167348.

Park N K, Park Y G, Choi J H, et al. Human induced
pluripotent stem cell-cardiomyocytes for cardiotoxicity

assessment: A comparative study of arrhythmiainducing



© 2108

F 48 EFESH 2025F8 H

LR R, Drug Evaluation Research

Vol. 48 No. 8 August 2025

[20]

[21]

[22]

drugs with multi-electrode array analysis [J]. Korean J
Physiol Pharmacol, 2025, 29(2): 257-269.

Nozaki Y, Honda Y, Watanabe H, et al. CSAHi study-2:
Validation  of
(MEAG60/2100)  for

proarrhythmia

multi-electrode array systems
prediction  of
iPS

cardiomyocytes: Assessment of reference compounds and

drug-induced

using  human cell-derived

comparison with non-clinical studies and clinical
information [J]. Regul Toxicol Pharmacol, 2017, 88: 238-
251.

Bai S'Y, Pei J J, Chen K, et al. Assessment of drug
proarrhythmic potential in electrically paced human
ventricular

SLAS

induced pluripotent stem cell-derived
cardiomyocytes using multielectrode array [J].
Discov, 2021, 26(3): 364-372.

Akhtar M. Practical considerations in the treatment of
ventricular arrhythmias with mexiletine [J]. Am Heart J,

1984, 107(5): 1086-1090.

(23]

[24]

Augustyniak J, Bertero A, Coccini T, et al. Organoids are
promising tools for species-specific in vitro toxicological
studies [J]. J Appl Toxicol, 2019, 39(12): 1610-1622.
Song M, Choi D B, Im J S, et al. Modeling acute
myocardial infarction and cardiac fibrosis using human
induced pluripotent stem cell-derived multi-cellular heart
organoids [J]. Cell Death Dis, 2024, 15(5): 308.
Suryawanshi H, Clancy R, Morozov P, et al. Cell atlas of
the foetal human heart and implications for autoimmune-
mediated congenital heart block [J]. Cardiovasc Res, 2020,
116(8): 1446-1457.

Karbassi E, Fenix A, Marchiano S, et al. Cardiomyocyte
maturation: Advances in knowledge and implications for
regenerative medicine [J]. Nat Rev Cardiol, 2020, 17(6):
341-359.

Zhao X L, Xu Z L, Xiao L, et al. Review on the
vascularization of organoids and organoids-on-a- C hip [J].
Front Bioeng Biotechnol, 2021, 9: 637048.

[FTtEmat  Z3737]



