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Abstract: The Comprehensive in vitro Proarrhythmic Assay(CiPA) project was launched for solving the hERG assay
problem of being classified as high-risk groups even though they are low-risk drugs due to their high sensitivity. CiPA
presented a protocol to predict drug toxicity using physiological data calculated based on the in-silico model. in this
study, features calculated through the in-silico model are analyzed for correlation of changing action potential in the
near future, and features are verified through predictive performance according to drug datasets. Using the O'Hara
Rudy model modified by Dutta et al., Pearson correlation analysis was performed between 13 features(dVm/dtmax,
APpeak, APresting, APD90, APD50, APDtri, Capea, Caresting, CaD90, CaD50, CaDtri, gNet, glnward) calculated at 100
pacing, and between dVm/dtmax repoi calculated at 1,000 pacing, and linear regression analysis was performed on each
of the 12 training drugs, 16 verification drugs, and 28 drugs. Indicators showing high coefficient of determination(R?)
in the training drug dataset were qNet 0.93, AP resting 0.83, APDtri 0.78, Ca resting 0.76, dVm/dt,,.; 0.63, and APD90
0.61. The indicators showing high determinants in the validated drug dataset were APDtri 0.94, APD90 0.92, APD50
0.85, CaD50 0.84, gNet 0.76, and CaD90 0.64. Indicators with high coefficients of determination for all 28 drugs are
gNet 0.78, APD90 0.74, and qInward 0.59. The indicators vary in predictive performance depending on the drug data-
set, and gNet showed the same high performance of 0.7 or more on the training drug dataset, the verified drug data-
set, and the entire drug dataset.
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Table 1. List of 28 drugs according to TdP-induced risk group suggested by Li et al.[17].

High Intermediate Low
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Table 2. 14 electrophysiological indicators calculated through in silico simulations

Features

Description

dVm/dtyax

Maximum slope value in depolarization period

dVm/dtax repot Maximum slope value between 30% and 90% below the maximum value in the repolarization period

The time interval between depolarization and repolarization corresponding to a membrane potential

The time interval between depolarization and repolarization corresponding to a membrane potential

APD90
90% below the maximum membrane potential value
APD50
50% below the maximum membrane potential value
APDtri Difference between APD90 and APD50
APresting  Resting state of action potential Membrane potential
CaD90 Time interval at concentrations 90% below the maximum calcium concentration
CaD50 Time interval at concentrations 50% below the maximum calcium concentration
CaDtri Difference Between CaD90 and CaD50
Capeak Maximum Calcium Concentration Value
Caresting  Resting Calcium Concentration Values
gNet INaL, ICaL, IKr, IKs, Ito, IK1 Sum of ionic charges moving through ion channels

qInward

Sum of ionic charges moving through INaL and ICaL channels
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Fig. 2. Features calculated through the in silico ventricular model. (a) Features of action potential shape, and (b) features
of intracellular calcium concentration shape
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Fig. 3. Pearson correlation analysis results between dVm/dt .y repor calculated at 1,000 pacings and 13 features (dVm/dtmax,
APpeak, APresting, APD90, APD50, APDtri, Cajeak; Cayestings CaD90, CaD50, CaDtri, gNet, qInward) calculated at 100
pacing (a) 12 training drug datasets, (b) 16 verified drug datasets, and (c) 28 full drug datasets
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Table 3. Comparison of the coefficients of determination of 13 indicators calculated according to the drug dataset

Training drug dataset

Validation drug dataset

All drug dataset

Feature R? Feature R? Feature R?
qNet 0.93 APDtri 0.94 qNet 0.78
Ap resting 0.83 APD90 0.92 APD90 0.74
APDtri 0.78 APD50 0.85 qInward 0.59
Ca resting 0.76 CaD50 0.84 AP resting 0.29
dVm/dtmax 0.63 gNet 0.76 APD50 0.19
APD90 0.61 CaD90 0.64 Ca resting 0.071
gqlnward 0.34 qInward 0.43 CaD50 -0.014
CaD90 -0.014 dVm/dtmax -0.14 Ca peak -0.2
AP peak -0.088 CaDtri -0.16 dVm/dtmax -0.49
APD50 -0.17 Ca peak -0.19 AP peak -0.74
Ca peak -0.31 Ca resting -0.19 CaDtri -7.9
CaD50 -0.31 AP peak -0.2 APDtri -8.8
CaDtri -11 Ap resting -8.7 CaD90 -83
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