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Aim: This study was conducted to test the selectivity of DC031050 on cardiac and neuronal potassium channels.
Methods: Human ether-à-go-go related gene (hERG), KCNQ and Kv1.2 channels were expressed in CHO cells. The delayed rectifier 
potassium current (IK) was recorded from dissociated hippocampal pyramidal neurons of neonatal rats. Whole-cell voltage patch clamp 
was used to record the voltage-activated potassium currents. Drug-containing solution was delivered using a RSC-100 Rapid Solution 
Changer.
Results: Both DC031050 and dofetilide potently inhibited hERG currents with IC50 values of 2.3±1.0 and 17.9±1.2 nmol/L, respectively. 
DC031050 inhibited the IK current with an IC50 value of 2.7±1.5 μmol/L, which was >1000 times the concentration required to inhibit 
hERG current. DC031050 at 3 μmol/L did not significantly affect the voltage-dependence of the steady activation, steady inactivation 
of IK, or the rate of IK from inactivation. Intracellular application of DC031050 (5 μmol/L) was insufficient to inhibit IK. DC031050 up to 
10 μmol/L had no effects on KCNQ2 and Kv1.2 channel currents.
Conclusion: DC031050 is a highly selective hERG potassium channel blocker with a substantial safety margin of activity over neuronal 
potassium channels, thus holds significant potential for therapeutic application as a class III antiarrhythmic agent.
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Introduction 
Potassium channel blockers are categorised as class III 
antiarrhythmic agents due to their ability to prolong the dura-
tion of the cardiac action potential[1–4].  These drugs include 
ibutilide, somatilide, sotalol, azimilide, droneradone and 
amiodarone, which elicit their actions by blocking one or more 
cardiac potassium channels, such as IKr, IKs and IKur, among 
others.  The class III antiarrhythmic drugs have been subject 
to extensive clinical investigation as safer and more effective 
alternatives to class I drugs, which exhibit recognised risks in 
selected populations[5–7].  However, numerous noncardiac side 
effects, such as nausea, drizzles and headaches, also frequently 
occur with the use of class III antiarrhythmic drugs.  Some 
adverse effects outside of cardiac tissues are consistent with 
the observation that the class III agents have been found to act 

on noncardiac ion channels.  For example, tedisamil, a class 
III agent that is currently under evaluation in clinical trials, 
inhibits a calcium-dependent potassium (BK) channel of rat 
hippocampal CA1 neurons and guinea-pig portal vein smooth 
muscle cells.  The inhibition of neuronal BK channels was 
thought to be related to nervous system toxicity associated 
with tedisamil[8, 9].  E4031, a potent IKr blocker, exhibits inhibi-
tory effects on all transient, sustained and inwardly rectifying 
potassium currents of rat taste cells[10].  Therefore, the assess-
ment of the effects elicited by class III agents on noncardiac 
channels is important for evaluating the safety and clinical 
side effects of these drugs at an early stage of the drug discov-
ery process.

Dofetilide is a relatively new class III antiarrhythmic drug 
that has been approved for the conversion of atrial fibrillation 
and flutter and the maintenance of normal sinus rhythm.  It 
selectively blocks the rapid delayed rectifier potassium chan-
nel (IKr), but does not slow the delayed rectifier potassium 
channel (IKs) IK1, sodium channels or calcium channels[11, 12].  
To discover more effective class III antiarrhythmic agents, we 
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have designed and synthesised a series of new methylsul-
fonamido phenylethylamine analogues based on the struc-
ture and pharmacophore of dofetilide[13, 14].  Biological assays 
using guinea pig atria indicated that all of the analogues exert 
significant class III activities, including the prolongation of 
action potential duration and of effective refractory dura-
tion.  Of all of the analogues, DC031050 (N-Benzyl-N-[2-(p-
methanesulfonamindo phenoxy)ethyl]-p-methanesulfonamido 
Phenethylamine) was identified as one of the most effective 
compounds.  At the very low concentration of 16 nmol/L, 
DC031050 prolonged the effective refractory period for 10 
ms.  Furthermore, at a concentration of 10 µmol/L, DC031050 
improved the force of constriction significantly more (24%) 
than dofetilide (17%)[14].  A comparison of the chemical struc-
tures of DC031050 and dofetilide revealed that the substitu-
tion of the methyl group with a benzyl group in DC0310590 
improves its biological activity (Figure 1)[14], representing a 
modification strategy of dofetilide to obtain more effective 
class III agents.  Prior to further modification, we sought to 
further understand the durability of these dofetilide-like class 
III analogues by assessing whether they acted on noncardiac 
channels.  Thus, we evaluated DC031050 for its effects on three 
types of voltage-gated neuronal potassium channels: KCNQ2, 
Kv1.2 and a delayed rectifier in hippocampal neurons.  Our 
results showed that only the delayed rectifier channel was 
inhibited by DC031050, but at ~1 000 times the concentration 
needed to block hERG.  

Materials and methods
Compound synthesis
DC031050 was prepared according to previously reported pro-
cedures[13, 14].  The chemical structure of DC031050 is shown in 
Figure 1.

Preparation of dissociated hippocampal pyramidal neurons
Hippocampal neurons were dissociated from 5- to 9-day-old 
Sprague-Dawley rats as described previously.  Briefly, mini-
slices (500 μm) of the hippocampal CA1 region were cut in 
an ice-cold, oxygenated dissociation solution containing the 
following components (in mmol/L): Na2SO4 82, K2SO4 30, 
MgCl2 5, HEPES 10 and glucose 10 (pH 7.3).  The slices were 
incubated in a dissociation solution containing protease XXIII 

(3 mg/mL) at 32 °C for 8 min.  The solution was then replaced 
with dissociation solution containing trypsin inhibitor type 
II-S (1 mg/mL) and bovine serum albumin (1 mg/mL).  The 
slices were allowed to cool to room temperature in an oxy-
genated solution.  Before recording, the slices were triturated 
using a series of fire-polished Pasteur pipettes with progres-
sively decreasing tip diameters.  The dissociated neurons were 
placed into a recording dish and perfused with an external 
solution containing the following components (in mmol/L): 
NaCl 135, KCl 5, MgCl2 2, HEPES 10, glucose 10 and tetrodo-
toxin 0.001 (pH 7.3).

Cell culture and transfection
Chinese hamster ovary (CHO) cells were grown in 50/50 
DMEM/F12 (Cellgro, Manassas, VA) supplemented with 10% 
fetal bovine serum (FBS) and 2 mmol/L L-glutamine (Gibco, 
Carlsbad, CA, USA).  To overexpress the KCNQ and hERG 
channel proteins, the cells were split 24 h before transfection, 
plated into 60-mm dishes, and transfected with the appropri-
ate plasmids using the Lipofectamine 2000™ reagent (Invit-
rogen, Carlsbad, CA, USA), according to the manufacturer’s 
protocols.  Twenty-four hours after transfection, the cells were 
split and re-plated onto coverslips coated with poly-L-lysine 
(Sigma-Aldrich, St Louis, MO, USA).  A green fluorescent 
protein (GFP) expression plasmid (Amaxa, Gaithersburg, MD, 
USA) was cotransfected to allow for the identification of trans-
fected cells by fluorescence microscopy.

Whole-cell voltage-clamp recording of hippocampal neurons and 
cultured CHO cells
The recordings were made at 21–23 °C using an Axopatch 
200B amplifier (Molecular Devices, Sunnyvale, CA, USA).  
Electrodes with a tip resistance of 3–5 MΩ were pulled from 
borosilicate glass pipettes (World Precision Instruments, Sara-
sota, Fl) and filled with a pipette solution containing the fol-
lowing components (in mmol/L): KCl 140, MgCl2 1, CaCl2 1, 
HEPES 10 and EGTA 10 (pH 7.3).  Voltage protocols were pro-
vided by pClamp 9.2 software via a DigiData-1322A interface 
(Molecular Devices, Sunnyvale, CA, USA).  Series resistance 
was compensated by 75%–85%.  For hippocampal neurons, 
the bath solution contained the following components (in 
mmol/L): NaCl 135, KCl 5, MgCl2 2, HEPES 10, glucose 10 and 
tetrodotoxin 0.001 (pH 7.3).  The cells were maintained at -50 
mV.  The delayed rectifier current (IK) in hippocampal neurons 
was elicited by a series of 400-ms depolarising steps from -70 
mV to +70 mV in 10 mV incremental steps following a 600-ms 
hyperpolarising pre-pulse to -110 mV and a 50-ms interval at 
-50 mV immediately after the pre-pulse to inactivate the tran-
sient component of the current.  The resulting signals were 
sampled at frequencies of 10–40 kHz and filtered at 2–10 kHz.  
Linear leak and residual capacitance currents were subtracted 
on-line using a P/4 protocol.  Unless otherwise stated, all IK 
amplitudes were obtained at 300 ms after the initiation of the 
stimulating pulse.  The effect of DC031050 was assessed after 
the neurons were exposed to the drug for 40 s, and a minimum 
of 5-s interval was used between stimulations.

Figure 1.  The chemical structure of compound DC031050 and dofetilide.
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For cultured CHO cells, the pipette solution contained the 
following components (in mmol/L): KCl 145, MgCl2 1, EGTA 
5, HEPES 10, and Mg-ATP 5 (pH=7.3 with KOH).  The extra-
cellular solution contained the following components (in 
mmol/L): NaCl 140, KCl 3, CaCl2 2, MgCl2 1.5, HEPES 10, and 
glucose 10 (pH=7.4 with NaOH).  

Drug application 
DC031050 was dissolved in dimethylsulfoxide (DMSO) to 
prepare a 10 mmol/L stock solution, from which the appropri-
ate volumes were added to the external or pipette solutions to 
produce the desired concentrations.  DMSO (less than 0.1% in 
the final dilution) elicited no observable effect on the K+ cur-
rents.  For the electrophysiological recordings in neurons, the 
external solution containing DC031050 was delivered using a 
RSC-100 Rapid Solution Changer (BioLogic Co, France) that 
could change the external solution over the recorded neuron 
during a 10-ms period.  For recordings in cultured CHO cells, 
a constant perfusion of extracellular solution was maintained 
using a BPS perfusion system (ALA scientific Instruments, 
Westburg, NY, USA).  The DC031050 in the pipette solution 
was diffused into the neuron, and changes were recorded 
immediately after the rupture of the membrane patch.  Unless 
otherwise stated, all chemicals were purchased from Sigma-
Aldrich China Inc.  

Data analysis 
The concentration of DC031050 required to inhibit 50% of the 
K+ currents (IC50) was determined by fitting normalised data to 
the equation I/I0=1/{1+([C]/IC50)n}, where I0 and I are the cur-
rent amplitudes measured in the absence and presence of the 
drug, respectively.  [C] is the concentration of the drug in the 
external solution, and n is the Hill coefficient.  For analysing 
the voltage-dependence of the steady-state activation or inac-
tivation of the K+ currents, normalised conductance or current 
was plotted against the membrane potential and fitted to the 
Boltzmann equations as follows: Y=1/{1+exp[(V-V1/2)/k]}, 
where Y is the normalised conductance or current, V is the 
test potential, V1/2 is the voltage at half-maximal activation 
or inactivation, and k is the slope factor.  The time course of 
recovery of the K+ currents from inactivation was fitted with a 
mono-exponential function as follows: I/Imax=A*{1(exp[(Δt/τ]}, 
where Imax is the maximal current amplitude, I is the current 
after a recovery period of Δt, τ the time constant, and A is the 
amplitude coefficient.  Data are presented as mean±SEM.  Sta-
tistical significance was assessed using Student’s t-test, where 
P<0.05 was considered significant.  

Results
Inhibition of hERG channel by DC031050 
In our previous study, DC031050 exhibited typical class III 
agent activity in biological assays using guinea pig atria[14].  

Given its structural similarity with dofetilide, we hypothesised 
that the biological activity of DC031050 was elicited by its inhi-
bition of hERG channels.  To test our hypothesis, hERG chan-
nel proteins were transiently expressed in CHO cells, and the 

resulting currents elicited by depolarisation step pulses fol-
lowed by repolarisation to -50 mV were recorded.  As shown 
in Figure 2A & B, hERG currents were completely inhibited by 
10 μmol/L DC031050[15].  At 20 min after washout, the inhibi-
tory effects were not reversed.  Analysis of the concentration-
response relationships revealed an IC50 value of 2.3±1.0 
nmol/L.  In contrast, the IC50 of dofetilide on hERG channels 
is 17.9±1.2 nmol/L (Figure 2D).  The more potent inhibition of 
hERG channels by DC031050 compared to dofetilide is consist-
ent with the potent biological activity of DC031050 observed 
in vivo[13, 14].  

Lack of effect of DC031050 on neuronal KCNQ2 and Kv1.2 
channels expressed in CHO cells
KCNQ channels, also called Kv7 channels, include five mem-
bers.  KCNQ2 and KCNQ3 form heterotetramers in the neu-
rons and mediate the M current, a potassium current could be 
inhibited by activation of muscarinic receptor.  Inhibition of 
the M current by a mutation of KCNQ2 or KCNQ3 can result 
in various pathologies including benign familial neonatal con-
vulsion, a form of neuronal hyperexcitibility[16–18].  The impor-
tance of Kv1.2 channels in controlling neuronal excitability 
has been demonstrated by the observation that Kv1.x (Kv1.1 
and Kv1.2) channel-inhibiting venom toxins induce seizures 
in rodents[19].  To evaluate the effect of DC0310050 on the neu-
ronal potassium channels KCNQ2 and Kv1.2, two neuronal 
potassium channels that are important in the control of neuro-
nal excitability, were expressed in CHO cells, and the voltage-
dependent channel activation was measured in the presence 
and absence of this drug.  As shown in Figure 3, 10 μmol/L 
DC031050 did not significantly affect the current amplitude 
of either KCNQ2 or Kv1.2, suggesting that DC031050 might 
exhibit specificity for cardiac IKr channels.  

Concentration-dependent inhibition of IK by DC031050 in rat 
hippocampal neurons
The delayed rectifier outward potassium channel in neuronal 
tissues is a major potassium channel that is responsible for 
spike repolarisation, and it plays a similar role as IKr in the 
cardiac tissues[20].  The delayed rectifier potassium currents 
(IK) were elicited in dissociated rat hippocampal pyramidal 
neurons by applying a 400-ms depolarising step to +40 mV, 
following a 600-ms hyperpolarising pre-pulse to -110 mV 
and a 50-ms interval at -50 mV immediately after the pre-
pulse.  Figure 4A shows representative superimposed traces 
before and after the application of increasing concentrations 
of DC031050 from 0.1 µmol/L to 10 µmol/L.  DC031050 
exhibited clear inhibition of IK in a concentration-dependent 
manner, and the inhibition was more pronounced at the later 
or steady state phase of the current development.  Using 10 
µmol/L DC031050, the peak current was reduced by approxi-
mately 50%, whereas the steady-state current at 300 ms was 
almost completely blocked.  Unless stated otherwise, we used 
the amplitude of IK at the steady state (300 ms) for all subse-
quent analyses.  The concentration-response curve revealed an 
IC50 value of 2.7±1.5 µmol/L, and a Hill coefficient of 1.1±0.2 
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for the DC031050-induced inhibition of IK (Figure 4B, n=6).  
The inhibitory effect was reversible, as the current returned to 
near-control levels upon washout for 40 s (Figure 4C).

In addition to inducing a concentration-dependent reduc-
tion of IK amplitude, DC031050 markedly accelerated the 
decay of the current, which appeared as a more pronounced 
inhibition of the steady-state current than of the peak cur-
rent (Figure 4A & 4C).  To quantify this effect, the decay time 
course of IK was fitted with a mono-exponential function.  As 
shown in Figure 4D, the acceleration of the current decay was 
also concentration-dependent.  The decay time constant (τ) 
decreased gradually (208.4, 163.3, 155.5, 112.7, 75.8, and 54.4 
ms) with increasing concentrations of DC031050 (0, 0.1, 0.3, 1, 
3, and 10 µmol/L, respectively).  Similar results were observed 
in 4 individual neurons.  Plotting the time constant against the 
concentration revealed an IC50 value of 1.2±0.7 µmol/L (n=4), 
which is essentially identical to the IC50 value obtained using 
steady-state current amplitude.  

Effect of DC031050 on the kinetic properties of neuronal IK

The inhibition of neuronal IK by DC031050 was voltage-inde-
pendent.  Figures 5A & 5B show the representative traces and 

current-voltage (I/V) relationships of IK in the absence and 
presence of 3 µmol/L DC031050.  The current was activated 
at 50 mV, and the control I/V relationship was almost linear 
at depolarising potentials.  After treatment with 3 µmol/L 
DC031050, the I/V curve of IK exhibited an apparent propor-
tional downward shift, where the I/I0 values (I0 represents 
the original current without the drug) were nearly constant at 
all depolarising step pulses (Figure 5B).  The I/I0 values at 0 
mV, 20 mV, 40 mV, and 60 mV were 50.8%±4.9%, 46.9%±4.4%, 
49.2%±4.2%, and 49.0%±2.4%, respectively (n=6, P>0.05).  

In addition, treatment with 3 µmol/L DC031050 did not 
significantly change the voltage-dependence of the activation 
of steady-state currents (Figure 5C), the voltage-dependence 
of inactivation (Figure 5D), or the rate of channel recovery 
from inactivation (Figure 5E).  In the presence of 3 µmol/L 
DC031050, the voltage for half-maximal activation was -8.4±1.6 
mV compared to -6.9±1.0 mV for the control (n=6, P>0.05); the 
voltage for half-maximal inactivation was -78.7±1.1 mV com-
pared to -81.9±1.3 mV for the control treatment (n=6, P>0.05); 
and the time constant of recovery from inactivation was 
261.4±39.1 ms compared to 223.7±16.4 ms for the control treat-
ment (n=6, P>0.05).

Figure 2.  Concentration-dependent inhibition on hERG channel by DC031050.  (A) Representative traces of hERG response to a series of depolarizing 
steps from -60 to +60 mV with 10 mV increment, delivered every 10 s, in the absence (control, left) and presence of 10 µmol/L DC031050 (right).  (B) 
Overlap of representative traces of hERG responses to a depolarization step to +50 mV in the absence and presence of 10 µmol/L DC031050 .  (C) The 
I–V plot of hERG (the tail after returning to -50 mV) in the absence (control, open circle) and presence of 10 µmol/L DC031050 (filled circle) (n=4).  (D) 
Dose dependence of hERG channel inhibition on DC031050 and dofetilide (n=6).
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DC031050 acts at the extracellular face of the neuronal IK 
channel
To determine the inhibitory mechanism of DC031050, we took 
two different approaches.  First, we assessed the effects of the 
intracellular application of the compound.  In control neurons 
dialysed with the normal pipette solution (see Methods), IK 
exhibited a slight decrease (less than 10%) within 10 min after 
membrane rupture.  We applied 5 μmol/L DC031050 for the 
intracellular application because the external application of the 
same concentration inhibited the K+ currents by approximately 
70%–90% (Figure 4A).  However, as shown in Figures 6A & 
6B, the time course of IK in neurons dialysed with the pipette 
solution containing 5 µmol/L DC031050 exhibited results 
that were almost identical to that of the control-treated group 
(n=5 for each), indicating that the intracellular application of 5 
µmol/L DC031050 was insufficient to inhibit IK.  

The above findings support the idea that the DC031050 
might act at extracellular site(s).  The binding site of TEA, a 
well-known potassium channel blocker, has been found to 
localise to the outer mouth of the KcsA channel[21, 22].  To deter-
mine if the action sites of DC031050 includes the outer mouth 
of the delayed rectifier K+ channel, the inhibitory effects 

of DC031050 were tested in the presence or absence of 15 
mmol/L TEA in the external solution.  Interestingly, co-treat-
ment with 15 mmol/L TEA significantly reduced the inhibi-
tory effect of DC031050.  For example, treatment with 3 µmol/
L DC031050 resulted in an I/I0 value of 75.2%±9.2% in the 
presence of 15 mmol/L TEA compared to 47.8%±8.4% induced 
by the control treatment (n=5, P<0.05).  In the presence of 15 
mmol/L TEA, the concentration response curve of DC031050 
was significantly right-shifted compared to the control treat-
ment, with the IC50 increasing to 7.4±1.2 µmol/L from 2.7±1.5 
µmol/L in the control (n=5, P<0.05).

Discussion
Class III antiarrhythmic agents and their inhibitory effects on 
noncardiac potassium channels
On the basis of their dominant electrophysiological activities, 
antiarrhythmic drugs are categorised into four broad classes: I, 
II, III, and IV.  Class I agents are sodium channels blockers that 
inhibit the impulse conduction and contractility in myocardial 
tissues; class II agents are beta-blockers; class III agents delay 
the repolarisation of cardiac myocytes; and class IV agents are 
calcium channel blockers[23].  Atrial fibrillation (AF) represents 

Figure 3.  Effects of DC031050 on KCNQ2 and Kv1.2 channels expressed in CHO cells.  (A) Representative KCNQ2 traces elicited by a series of 
depolarizing steps from -70 mV to +50 mV with 10 mV increment, delivered every 3 s, in the absence (left) and presence of 10 µmol/L DC031050 
(right).  (B) Summary data showing the relative activity of KCNQ2 in the presence of 10 µmol/L DC031050 normalized to that of control (n=7).  (C) 
Representative Kv1.2 traces elicited by a series of depolarizing steps from -90 mV to +50 mV with 10 mV increment, delivered every 3.5 s, in the 
absence (left) and presence of 10 µmol/L DC031050 (right).  (D) Summary of normalized data for 10 µmol/L DC031050 effect on Kv1.2 channel (n=4).
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a major type of arrhythmia for which antiarrhythmic drugs 
have a predominant clinical application.  Since the 1990s, class 
IA agents, such as quinidine, have not been the first choice for 
the treatment of atrial fibrillation because of increased mortal-
ity[24].  Such agents have since been displaced by an increasing 
interest in class III agents that primarily prolong cardiac action 
potential repolarisation[4, 25].  However, the application of class 
III agents for the conversion and prevention of atrial fibrilla-
tion in high-risk patients has not yielded the successful results 
expected.  For example, long-term treatment with the class III 
agent D-sotalol is associated with an increased risk of mortal-
ity compared with treatment with placebo[1, 26].  In addition to 
the severe risk to cardiac tissues, the tolerance of certain class 
III agents has yielded disappointing results.  For example, the 
class III agent amiodarone is associated with a 41% discon-
tinuation rate that is attributed to its side effects and toxicity in 
liver, thyroid and pulmonary tissues[27].  

Dofetilide (TikosynTM) is a relatively recent class III 
antiarrhythmic drug that has been approved for the conver-
sion of AF and the maintenance of normal sinus rhythm.  
Dofetilide has a higher safety profile than most other class III 
agents.  In 10 randomised trials for treatment of supraventricu-
lar arrhythmias, the hazard ratio for death of dofetilide was 1.1 
(95% confidence interval 0.3–4.3), indicating no evidence of a 
side effect for dofetilide on mortality rates[28, 29].  Two separate 

Danish Investigations of Arrhythmia and Mortality on Dofeti-
lide (DIAMOND) studies performed in high-risk patients also 
demonstrated the safety of dofetilide[29].  Why dofetilide exhib-
ited a low mortality ratio, whereas other class III agents (eg, 
D-sotalol) increased mortality, remains elusive.  Because of the 
high safety profile of dofetilide, we designed and synthesised 
a series of structural analogues with the goal of developing 
novel class III antiarrhythmic agents.  The biological activities 
of these analogues were assessed in biological assays using 
guinea pig atrial tissues.  DC031050 was identified as one of 
the most potent compounds that demonstrated typical class III 
antiarrhythmic agent activity[13, 14].  

However, similar to other class III antiarrhythmic agents, 
dofetilide exhibits general noncardiac side effects, including 
headache, dizziness, rash and some nervous system effects, 
such as paralysis, migraine and syncope[30, 31].  Although there 
is no direct evidence linking these side effects to the dysfunc-
tion of noncardiac ion channels, the functional disorders of 
noncardiac ion channels are known to cause these syndromes.  
For example, mutations of brain-specific P/Q type calcium 
channels were linked to familial hemiplegic migraines[32], 
whereas the functional down-regulation of Kir2.6, an inwardly 
rectifying potassium channel, was linked to thyrotoxic hypoka-
lemic periodic paralysis[33].  Consistent with its adverse effects 
in the nervous system, a low concentration (100 μmol/L) of 

Figure 4.  Concentration-dependent inhibition on IK by DC031050.  (A) Representative traces of delayed rectifier K+ currents (IK) in the presence of 
increasing concentrations of DC031050 (0, 0.1, 0.3, 1, 3, and 10 µmol/L) recorded from one hippocampal neuron.  Currents were elicited with steps 
to +40 mV and measured at 300 ms latency of the test pulses.  (B) Concentration-inhibition curve of DC031050 on IK.  Each symbol represents the 
mean±SEM.  n=6.  (C) The superimposed traces before, during and 40 s after washout of 3 µmol/L DC031050.  (D) DC031050 accelerated decay of 
IK.  The plot was the decay time constant of the current traces in control (A) and against the concentrations of DC031050.  Similar results were obtained 
from 4 neurons.



734

www.nature.com/aps
Li P et al

Acta Pharmacologica Sinica

npg

dofetilide acted on ion channels in hippocampal neurons (eg, 
the voltage-independent block of a calcium-dependent potas-
sium channel (BK))[34].  Notably, the plasma concentration of 
dofetilide exceeds 100 nmol/L when administered at 1 mg 
twice daily continuously for 24 h[35].  

DC031050 is a dofetilide analogue that more potently blocks 
hERG channels, with an excellent safety margin on neuronal 
potassium channels
In the current study, we confirmed that DC031050 is a potent 
and complete blocker of hERG, with an IC50 value of 2.3 
nmol/L, which is significantly less than the IC50 of dofeti-
lide on hERG channels (17.9 nmol/L).  hERG channels are 
cardiac potassium channels that are known to significantly 
influence the duration of cardiac action potentials.  Thus, the 
electrophysiological data on heterologously expressed hERG 
channels is consistent with the results obtained from biologi-
cal assays using guinea pig atria[13, 14].  Surveying a number of 
noncardiac potassium channels revealed that DC031050 (at 10 
μmol/L concentration) elicited negligible effects on KCNQ2 
and Kv1.2 channels that were expressed in CHO cells, but was 
sufficient to block IK in rat hippocampal neurons.  The IC50 
of DC031050 on IK was 2.7 µmol/L, which is more than 1000-
fold higher than that on hERG.  Thus, DC031050 should pro-

vide a broad concentration range for the selective therapeutic 
blockade of hERG channels without affecting other noncardiac 
potassium channels.  The high selectivity of DC031050 on 
hERG channels strongly supports its potential for therapeutic 
application as a class III antiarrhythmic agent.  The inhibitory 
effects on neuronal IK at the micromolar concentrations argue 
for further early drug discovery stage evaluation of the effects 
of this compound on noncardiac channels to obtain safer class 
III antiarrythymia drugs.  This is particularly important given 
that, in addition to IK, KCNQ2 and Kv1.2, there are many other 
types of potassium channels that are expressed in neuronal 
tissues.  To fully discern the safety of DC031050, the effects of 
the drug on other noncardiac potassium channels should be 
further studied.  

Inhibition of neuronal delayed rectifier potassium channel by 
DC031050
The inhibition of DC031050 on the delayed rectified potas-
sium channels in rat hippocampal neurons is dose dependent 
and exhibits the following principal properties.  (1) DC031050 
markedly accelerated the decay of IK in a concentration-depen-
dent manner, which is consistent with more potent inhibition 
of the steady state current than of the peak current.  These 
data suggest that DC031050 might be an open-channel blocker, 

Figure 5.   Effects of DC031050 on kinetic properties of IK.  (A) Responses of a representative neuron to a series of depolarizing steps from -70 to +70 
mV with 10 mV increment, delivered every 10 s, in the absence and (control, left) and presence of 3 µmol/L DC031050 (right).  (B) Current-Voltage 
(I/V) curves of IK before and during application of 3 µmol/L DC031050.  (C, D, and E) show the voltage-dependence of activation (C), inactivation (D) 
and the time course of recovery from inactivation (E), in the absence and presence of 3 µmol/L DC031050.  Three different protocols were used.  The 
protocol to study voltage-dependent activation is shown in inset.  For studying the steady-state inactivation, neurons were held at 0 mV, and currents 
were elicited with a series of 600-ms prepulses at different hyperpolarizing potentials followed by a 400-ms step to +40 mV, then back to 0 mV, 
delivered every 10 s.  For studying the time course of recovery from inactivation, neurons were held at 0 mV, and currents were elicited on return from 
hyperpolarizing prepulse of varying durations at -110 mV to +40 mV, delivered every 10 s.  Current of peak were used for plotting.
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indicating that opening of the channel is a prerequisite to 
blocking.  Alternatively, DC031050 might accelerate the inacti-
vation of IK. (2) DC031050 does not alter the kinetic properties 
of IK. DC031050 elicited no significant effects on either the volt-
age-dependence of inactivation or the time course of recovery 
from inactivation, which precludes the notion that this drug 
might act through acceleration of channel inactivation.  

Two experiments supported the notion that DC031050 
might act at the extracellular face of IK channels.  In contrast to 
the marked inhibition of IK elicited by the external perfusion of 
5 µmol/L DC031050, the intracellular application of the same 
concentration of this drug elicited a negligible effect.  Further-
more, the inhibition of DC031050 was diminished by co-treat-
ment with 15 mmol/L TEA, which is known to block potas-
sium channels from the extracellular face.  This indicates that 
when a TEA molecule occupies the external TEA binding site, 
a steric hindrance effect might prevent DC031050 from inter-
acting with the channel.  Combined with the observed accel-
eration of decay and the lack of effects on kinetics, DC031050 
appears to be an open channel blocker, which acts at an exter-
nal binding site(s) on the outer mouth of the neuronal delayed 
rectifier potassium channel.  

In summary, we have identified DC031050, an analogue 
of dofetilide, as a highly selective hERG potassium channel 
blocker with an excellent safety margin over neuronal potas-

sium channels.  DC031050 exhibits therapeutic potential as a 
class III antiarrhythmic agent.  Our study strongly supports 
the evaluation of effects elicited by class III agents on noncar-
diac channels at early stages of the drug discovery process.  
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