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Abstract

Short QT syndrome (SQTS) is a clinical disorder
associated with cardiac arrhythmias and sudden cardiac
death (SCD). Short QT syndrome variant 3 (SQT3) has
been linked to the D172N or E299V gain-in-function
mutation to Kir2.1, which preferentially increases outward
current through channels responsible for inward rectifier
K* current (Ik1). There is a novel blocker of Kir2.1, Styrax,
which is a kind of natural compound selected from
traditional Chinese medicine. In this study, the ten
Tusscher et al model of ventricular action potential was
used to investigate the potential effects of Styrax on the
short QT syndrome associated with the Kir2.1 D172N
mutation and E299V mutation. Our data showed that
Styrax can prolong the action potential (AP) and QT
interval on the ECG under the condition of SQT3
associated with D172N and E299V mutations. We
suggested that Styrax may be a potential drug for the
treatment of SQT3.

1. Introduction

Short QT syndrome (SQTS) is a rare channelopathy,
characterized by a short QT interval on the ECG, and
patients with this disorder are predisposed to a higher risk
of develop cardiac arrhythmias and even sudden cardiac
death (SCD) [1-3]. Although significant progress has been
made in recent years to better understand the mechanism
of this disorder, there are still significant challenges for the
treatment of SQTS [4].

SQTS is genetically heterogeneous, with a genotype-
phenotype relationship. Since the first description in 2000
[4], associated mutations have been identified in eight
different genes: SQT1 variant to SQT3 variant are
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associated with gain-of-function mutations in potassium
channels, SQT4 variant to SQT6 variant are associated
with loss-of-function of calcium channels, SQT7 variant is
associated with a loss-of-function in SCN5A, SQT8
variant is associated with a mutation in the cardiac
CL/HCO3 exchanger AE3.

SQT1 variant was caused by a gene mutation (N588K)
to the hERG encoding the rapid delayed rectifier potassium
(Ikr), SQT2 variant was caused by a gene mutation
(V307L) to the KCNQ1 encoding the slow delayed
rectifier potassium (lks), and SQT3 variant was caused by
a gene mutation (D172N, E299V) to the KCNJ2 encoding
the inward rectifier potassium current (lki). However,
effective management of SQTS remains challenging.

The anti-arrhythmic drug quinidine is used as the
frontline therapy for SQT1 patients, and literature shows
that chloroquine has been suggested as a drug for SQT3
[5]. A novel blocker of Kir2.1, Styrax, was identified as a
kind of natural compound selected from traditional
Chinese medicine [6]. However, pharmacotherapeutic
effects of Styrax on SQT3 variant have not been
investigated. The aim of this study was to assess and
predict the possible effects of Styrax on human ventricular
patho-electrophysiology associated with SQT3 variants
linked D172N and E299V mutations.

2. Methods

Human ventricular electrophysiology was simulated by
using the ten Tusscher et al model [7]. A mathematical
formulation for Ix; in the control action potential was
modified to fit current densities obtained from WT Kir2.1
channels, expressed in HEK cells [8, 9].

Using the same approach as detailed for amiodarone,
quinidine and chloroquine in our previous study [1, 10], a
simple pore block model was developed, incorporating
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known actions of Styrax on Iki. Styrax is a Kir2.1 channel
blocker, and was modelled by using half maximal
inhibitory concentration (ICso) values from the literature.
Styrax (0.017 pM) blocked the outward current of the
mutants (D172N and E299V) of Kir2.1 (Ik1) by 60% and
42%, respectively. Propagation of excitation waves in
cardiac tissue was described using the mono-domain
equation,

oV
Cm E = _(Iion + Istim
The tissue model comprised an ENDO ventricular
region, a MIDDLE ventricular region, and an EPI
ventricular region. The tissue was 15 mm long with 100
nodes that were spaced 0.15 mm apart, with each node
representing a 150-pm cylindrical cell. Equation was
solved using finite difference PDE solver based on the
explicit forward Euler method. Electrical excitation waves
were produced by using tissue model. The ECG was
calculated by the method proposed by Gima and Rudy
[11].
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3.1 Single cell simulations

The human ventricular action potential (AP) duration at
a pacing rate of 1.25 Hz frequency under SQT3 D172N and
E299V mutations, and Styrax-in-action conditions was
shown in Figure 1 and Figure 2, respectively. The plots
show the action potential V (mV) versus time t (ms).
Changes inlkidue to the Kir2.1 D172N or E299V
mutations abbreviated human ventricular APD. Styrax
prolonged the human ventricular APD under SQT3 D172N
and E299V mutation conditions.

3.2 Tissue simulations

In tissue simulations, we simulated the ECGs under
SQT3 D172N and E299V mutations, and Styrax-in-action
conditions at a stimulation frequency of 1.25 Hz, shown in
Figure 3 and Figure 4, respectively. It substantiated a
causal link between the KCNJ2-D172N or E299V
mutations and QT interval shortening. Styrax prolonged
the QT intervals on the ECG under SQT3 D172N and
E299V mutation conditions.
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Figure 1. Action potentials under the E299V mutation with the action of Styrax
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Figure 2. Action potentials under the D172N mutation with the action of Styrax.
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Figure 3 ECGs under the E299V mutation with the action of Styrax
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Figure 4 ECGs under the E299V mutation with the action of Styrax

4. Conclusion and Future Work

In this study, the actions of the drug Styrax was
simulated by using a computational approach, successfully
demonstrated how the virtual heart model as a platform for
the drug screening. From our simulation results, we
conclude that Styrax may be an effectively drug on the
short QT syndrome variant 3 associated with D172N and
E299V mutations. In future work, we will consider
simulating different doses of Styrax to assess the potential
effects on SQT3, and also consider simulating the effects
of Styrax on the reentrant waves under SQT3.
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