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Establishment of a multi-ion channel assay 
in accordance with ICH E14/S7B Q&As best practices
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The values obtained in this study were generally consistent with those reported in previous studies 
using the same or similar protocols .*3 *4 *5

This demonstrates that the methodology adopted in this study can serve as a 
Best Practice Multi-Ion Channel Assay.

While the implementation of the hERG channel assay based on ICH-S7B has suppressed the occurrence of torsade de pointes (TdP) caused by 
new drugs in clinical settings, this approach may have unduly constrained the development of potentially promising new compounds. Accordingly, 
as a solution, CiPA (Comprehensive In Vitro Proarrhythmia Assay) proposes a risk assessment method that uses multiple cardiac ion channels, 
including hERG, NaV1.5 (late-current), and CaV1.2, which affect the action potential duration of cardiomyocytes. However, test systems that collect 
NaV1.5 and CaV1.2 channel data in accordance with the CiPA protocol and the ICH-S7B E14/S7B Q&As have yet to be widely adopted. 
Therefore, this study attempted to establish a test system using a multi-ion channel assay.

hERG NaV1.5 (late current) CaV1.2

Voltage
protocol*1

Ion-channel

Current
(nA)

I-V 
Curve None

Repeated at 5 s Repeated at 10 s Repeated at 5 s

-90 mV
100 ms

-80 mV
100 ms

40 mV, 500 ms

-80 mV100 ms

・Voltage protocols are values that take into account liquid junction potential ・Voltage protocols are values that take into account liquid junction potential

-95 mV
-120 mV, 200 ms

-15 mV
40 ms

40 mV, 200 ms

100 ms

-95 mV

-80 mV
100 ms

-90 mV
100 ms

0 mV
40 ms

30 mV, 200 ms

100 ms

-80 mV

Peak

INaL-step INaL-ramp

ICa-step

ICa-ramp

Pe
ak

 N
a V

1.5
 c

ur
re

nt
 (n

A)
 0

-3

Voltage (mV) Voltage (mV) 

I C
a-

st
ep

(n
A)

 

0

-1.5

-3.0

Whole cell patch-clamp (manual)

Cell lines
・hERG-HEK293 (Cytomycs)
・NaV1.5-HEK293 (SB Drug Discovery)
・CaV1.2-HEK293 (SB Drug Discovery)

Recording temperature
Physiological temperature (36.0 ± 1.0 ℃)

This experiment was conducted in accordance 
with best practices and the CiPA protocol*1.

Fractional inhibition at each drug concentration 
was calculated from the recorded traces, and 
IC50 values and Hill coefficients with their 95% 
confidence 

For NaV1.5 and CaV1.2, we generated current–
voltage (I–V) curves in the cells to be used 
before starting pharmacology experiments 
and confirmed that the peak currents occurred 
within the specified voltage range.

Drugs Verapamil, Ranolazine, Bepridil Ranolazine Verapamil, Bepridil

ATX-II was used to activate the NaV1.5-late current
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150 nmol/L ATX-II
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1.9ICa-step / hERG
3.3ICa-ramp / hERG

4.2INaL-step / hERG
1.1INaL-ramp / hERG

44ICa-step / hERG
25ICa-ramp / hERG

*2:Colatsky T, ea al. J Pharmacol Toxicol Methods. 
2016 Sep-Oct;81:15-20.

*3:Li Z, et al. Clin Pharmacol Ther. 2019 Feb;105(2):466-475. 

A: Action potential protocol, Ba2+ as charge carrier, physiological temperature 

B: ICWG protocol 1, Ca2+ as charge carrier, Ambient

C: ICWG protocol 2, veratridine as INaL enhancer, physiological temperature 

D: ICWG protocol 2, ATX-Ⅱ as INaL enhancer, Ambient
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TdP risk : HIGH*2TdP risk : LOW*2TdP risk : LOW*2

HTS*3Manual*3MDF dataHTS*3Manual*3MDF dataHTS*3Manual*3MDF data
nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)nHIC50 (µmol/L)

10.30.90.2(0.7 - 1.1)0.9(0.02 - 0.03)0.021.13.40.86.5(0.9 - 1.1)1.0(6.90 - 8.02)7.441.30.21.10.5(0.6 - 1.7)1.2(0.05 - 0.11)0.07hERG
0.72.8A(1.0 - 1.7)1.3(0.75 - 1.05)0.881.10.2A(0.7 - 0.9)0.8(0.11 - 0.15)0.13ICa-step

4.6638B(1.0 - 1.9)1.4(0.41 - 0.60)0.500.811.2B(0.6 - 0.8)0.7(0.19 - 0.27)0.23ICa-ramp

17.9C(0.8 - 2.3)1.5(23.83 - 41.08)31.3INaL-step

1.06D(0.7 - 1.0)0.8(6.83 - 10.27)8.37INaL-ramp

*4:Ren M, et al. PLoS One. 2022 Nov 23;17(11):e0276995.

*5:Wu M, et al. J Pharmacol Toxicol Methods. 
2019 Nov-Dec;100:106605.

*1:Recommended voltage protocols to study drug-cardiac ion 
channel interactions using recombinant cell lines
; 2021 Jul 30[cited 2022 Jun 1].

Data comparison (MDF data set vs  Reference data set)

Verapamil
similar protocol*4

nHIC50 (µmol/L)

0.40.9ICa-step

0.50.4ICa-ramp

Ranolazine
similar protocol*5

nHIC50 (µmol/L)

1.228.3INaL-step

1.224.5INaL-ramp

IC₅₀values of the 3 compounds for each ion channel

Recording quality of manual patch-clamp


