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Cardiac ion channel activity is important to generate cardiac 
action potentials in appropriate timing and duration. Drug-in-
duced impairment of those ion channels causes abnormal 
cardiac activity such as QT interval prolongation, ventricular 
arrhythmia and, in most serious cases, sudden death. These 
effects are one of the leading causes of drug withdrawal from 
the market or denied regulatory approval of new therapeutic 
candidates. The Comprehensive in vitro Proarrhythmia Assay 
(CiPA) has been initiated to improve drug safety assessment 

to overcome drug attrition that could happen by only hERG 
channel inhibition assay. To provide accurate data for in silico 
model, it is recommended to test the drug effect on ion chan-
nels under physiological temperature. In this study, we as-
sessed the inhibitory effects on hERG channels of a compound 
under physiological temperature conditions (37°C) through 
whole-cell patch clamp experiments conducted using the 
QPatch compact system.

Introduction

Using the temperature control feature of the 
QPatch Compact, we investigated the effects 
of temperature changes on hERG channel 
currents. When the temperature was raised 
from room temperature conditions at 25°C to 
physiological temperature conditions at 37°C, 
significant changes in the hERG current pat-
tern were observed (Figure 1B, 1C, 2, Table 1). 
The influence on the kinetics of hERG chan-
nels suggests that under physiological tem-
perature conditions, hERG channels are more 
easily activated, thereby facilitating the bind-
ing of compounds with state-dependent and 
use-dependent properties to hERG channels. 
Indeed, for many of the compounds tested in 
this study, an enhancement in the inhibitory 
effect on hERG channel currents at 37°C com-

pared to 25°C was observed, albeit to varying 
degrees (Figure 3, Table 2). The voltage pro-
tocol used for hERG channel stimulation in 
this study had a depolarizing pulse of 40 mV, 
which is sufficient for hERG channel activa-
tion. Still, the application time was relative-
ly short at 500 ms. Therefore, in some cells, 
the current did not reach steady state, and 
induction of tail current by ramp-down was 
observed under 25°C temperature conditions 
(Figure 2C). In contrast, under 37°C tempera-
ture conditions, the steady state was reached 
very rapidly, demonstrating that the inhibitory 
effects of compounds could be evaluated with 
hERG channels sufficiently activated (Figure 
2C).

Discussion

Conclusion
In this study, the temperature control feature of the QPatch 
compact enabled us to detect temperature-dependent 
changes in hERG channel currents and variations in the in-
hibitory effects of compounds. Additionally, it was demon-
strated that even with relatively short depolarizing pulses, as 
recommended by the CiPA protocol, sufficient activation of 
hERG channels could be achieved under physiological tem-

perature conditions to conduct compound inhibition assays. 
Testing under physiological temperature conditions using 
the temperature control feature of the QPatch compact al-
lows for accurate measurement of the inhibitory effects of 
compounds on ion channels, contributing to the provision of 
reliable data for In silico modeling as advocated by CiPA.
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Methods

Results

Cell culture and preparation: The cells were cultured according to the Sophion  
SOP. CHO-cells heterogeneously expressing hERG (KV11.1) channel were kindly 
provided by B’SYS GmbH. The cells were harvested using trypsin. Cells were trans-
ferred to a serum-free medium (EX-CELL® ACF CHO Medium, Sigma-Aldrich) sup-
plemented with 25 mM HEPES, 40 μg/mL trypsin inhibitor, and penicillin/streptomy-
cin. The cells were washed and resuspended in extracellular buffer.

Patch clamp experiment: All patch clamp experiments were carried out using the 
QPatch Compact system (Sophion Bioscience A/S, Denmark).

Solutions: Extracellular solution (in mM): 145 NaCl, 4 KCl, 1 MgCl2, 2 CaCl2, 10 
HEPES, 10 Glucose, pH 7.4. Intracellular solution (in mM): 120 KCl, 5.374 CaCl2, 1.75 
MgCl2, 31.25/10 KOH/EGTA, 10 HEPES, 4 Na2-ATP, pH 7.2.

Whole-cell protocol: The whole-cell configuration was established using a standard 
whole-cell protocol for CHO-cells.

Voltage protocols: During the experiment, the cells were held at holding potential 

of -80mV. The voltage stimulation protocol proposed by the CiPA (Comprehensive 
In Vitro Proarrhythmia Assay) initiative was used in this study. The voltage proto-
col consisted of a 40 mV depolarizing pulse of 500 ms followed by a 100 ms ramp 
down from 40 mV to -80 mV, repeated at 5-second intervals 1.

Test procedure and temperature control: During the experiment, the temperature 
at the recording site was clamped using a water-circulation temperature control 
system. The temperature at the recording site was initially held at 25°C or 22°C 
during the whole cell process. After establishment of a whole-cell configuration, 
Vehicle solution (0.1% DMSO extracellular solution) was added, and then the volt-
age protocol was executed to measure the tail current at a temperature of 25°C. 
In the next step, the temperature was increased from 25°C to 37°C in physiological 
temperature experiment or remained at 25°C in room temperature experiment. 
Subsequently, the baseline current was measured. After that, compound solutions 
were added cumulatively at five concentrations, and the tail currents at each con-
centration were recorded. At the end of experiment, one μM E-4031 solution was 
applied to block the hERG current and used as a reference.

Table 1: Tail current amplitude, rise time, fall time, steady-state current amplitude, and time constants of steady-state current at 25°C or 37°C conditions 
(mean ± S.E.).

Table 2: IC50 values of each compound under conditions at 25°C or 37°C (mean ± S.E.), IC50 value ratio between 25°C and 
37°C, and literature values of IC50 for each compound.

Group Name Tail current amplitude 
[pA]

Tail rise time [ms] Tail fall time [ms] SS current amplitude 
[pA]

Steady-state τ [ms] n

25°C 661.7 ± 110.0 38.1 ± 0.9 19.3 ± 0.8 120.1 ± 16.6 150.1 ± 24.1 17

37°C 1875.4 ± 311.8 31.8 ± 1.7 28.0 ± 1.3 399.9 ± 61.3 12.7 ± 2.1 17

IC50 (25°C) [µM] IC50 (37°C )[µM] IC50(25°C )/ IC50(37°C ) ref. IC50 value [µM]

Erythromycin 1336.3 ± 344.8 (n=4) 74.7 ± 30.1 (n=4) 17.9 
1410 (22oC)1

115 (35oC)1

72.2 (34oC)2

Sotalol 239.7 ± 23.2 (n=4) 76.9 ± 15.1 (n=5) 3.1 
810 (22oC)1

269 (35o)1

74-1692

Quinidine 0.907 ± 0.087 (n=4) 0.622 ± 0.086 (n=5) 1.5 0.72(RT)2

E-4031 0.031 ± 0.002 (n=7) 0.009 ± 0.002 (n=5) 3.4 
0.14 (22oC)1

0.012 (35oC)1

Fig. 2: Changes in current sweeps at 25°C and 37°C application. A) Current sweeps of the same cell under experimental conditions at 25°C and 37°C. B) En-
larged view of the tail current sweep portion. Average rise and fall times from 10% to 90% are indicated for each temperature. C) Enlarged view of the 
steady-state current sweep portion. The green line overlaid on the sweep represents the result of monoexponential fitting. The average time constant at 
each temperature is indicated.

Fig. 1: Voltage protocols applied to hERG channel-expressing cells and the temperature dependence of the elicited hERG currents. A) Stimulation voltage proto-
col. A depolarizing pulse of 40 mV was applied for 500 ms, followed by a ramp down from 40 mV to -80 mV in 100 ms, applied at 5-second intervals. B) Sweep of 
hERG currents demonstrating temperature-dependent changes. The maximum tail current size (arrowhead) value was measured as a tail current amplitude. C) 
Time course graphs showing changes in tail current amplitude (blue) and experimental temperature (orange).

Temperature effect on hERG tail current size
At the start of the experiment, the experimental temperature was initially set at 25°C and then raised to 37°C using a temperature 
control circulator. The temperature changed over time, and variations in the tail current values were observed (Figure 1B and 1C). 
Under the 37°C condition, the average tail current value was approximately three times larger than that at 25°C (Table 1).

Effect on kinetics of hERG tail current
The rise and fall times of hERG tail current from 10% to 90% of its maximum amplitude were measured. It was observed that 
at 37°C, the rise time was shorter compared to that at 25°C, while the fall time tended to be longer (Table 1, Figure 2A and 2B). 
This result suggests that under physiological temperature conditions at 37°C, the recovery from inactivation of hERG channels 
during membrane potential repolarization may occur faster, while the transition to the closed state of the channel was suggest-
ed to be similar to or slightly slower than that at 25°C.

IC50 values of compounds at 25°C or 37°C
In this study, we examined the inhibitory effects of hERG channel currents at both 25°C and 37°C 
for a total of four compounds, including erythromycin, known for its temperature-dependent in-
hibition effect (Table 2, Figure 3). The most significant difference between the two temperatures 
was observed with erythromycin, yielding results consistent with previous experimental findings 
and literature values. Sotalol and E-4031 also showed consistent temperature dependency, with 
approximately a threefold shift in IC50 values. Additionally, although to a lesser extent, quinidine 
exhibited slightly stronger inhibitory effects under physiological temperature conditions, with a 
ratio of about 1.5 times. As a result, while there were differences in degree among the four com-
pounds tested in this study, temperature-dependent inhibition effects on hERG channels were ob-
served in all cases. The IC50 values obtained in this study were within a range consistent with liter-
ature values, without contradictions1, 2, 3.

Effect on kinetics of hERG steady-state current
The steady-state current of hERG currents in response to a depolarizing pulse of 40 mV was fitted with a monoexponential 
function to measure the time constant. As a result, at 25°C, the time constant exhibited slow fluctuations, with an average of 
approximately 150 ms, and some instances were observed where the steady state was not sufficiently reached. However, at 
37°C, it was confirmed that the time constant was significantly faster, with an average of 12.7 ms, indicating a rapid attain-
ment of steady-state (Table 1, Figure 2A and 2C). Additionally, the current values were more than three times larger on aver-
age, suggesting that the opening probability of hERG channels due to a depolarizing pulse of 40 mV is significantly increased 
at 37°C compared to 25°C. Furthermore, considering the accelerated stabilisation rate to steady-state, it can be inferred that 
transitions to inactivation and recovery occur very rapidly at 37°C temperature conditions, leading to quicker attainment of an 
antagonistic state.

The changes in tail current and steady-state current at 37°C compared to those at 25°C suggest that under physiological tem-
perature conditions, the activation of hERG channels is facilitated, and the transition cycle to inactivation and recovery from 
inactivation occurs rapidly and antagonistically. From these results, it is anticipated that the inhibitory effects of compounds 
with state-dependent actions, such as inactivation and compounds with use-dependent properties, would be enhanced under 
physiological temperature conditions compared to room temperature conditions.

The effect of temperature on hERG current

Comparison of potency of selected compounds on hERG current at 25°C and 37°C

Fig. 3: Time course of tail current values and dose-response curves upon application of compounds. A) Graph showing 
changes in tail current upon application of compounds under conditions at 25°C. B) Graph showing changes in tail current 
upon application of compounds under conditions at 37°C. C) Dose-response curves for each compound under conditions at 
both 25°C and 37°C temperatures.
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