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Xin Su Ning (XSN), a China patented and certified multi-herbal medicine, has been
available in China since 2005 for treating cardiac ventricular arrhythmia including
arrhythmia induced by ischemic heart diseases and viral myocarditis, without adverse
reactions being reported. It is vitally important to discover pharmacologically how XSN as
a multicomponent medicine exerts its clinical efficacy, and whether the therapeutic effect
of XSN can be verified by standard clinical trial studies. In this paper we report our
discoveries in a cellular electrophysiological study and in a three-armed, randomized,
double-blind, placebo-controlled, parallel-group, multicenter trial. Conventional
electrophysiological techniques were used to study the cellular antiarrhythmic
mechanism of XSN. Data was then modeled with computational simulation of human
action potential (AP) of the cardiac ventricular myocytes. The clinical trial was conducted
with a total of 861 eligible participants randomly assigned in a ratio of 2:2:1 to receive XSN,
mexiletine, or the placebo for 4 weeks. The primary and secondary endpoint was the
change of premature ventricular contraction (PVC) counts and PVC-related symptoms,
in.org May 2020 | Volume 11 | Article 6001
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respectively. This trial was registered in the Chinese Clinical Trial Register Center (ChiCTR-
TRC-14004180). We found that XSN prolonged AP duration of the ventricular myocytes in
a dose-dependent, reversible manner and blocked potassium channels. Patients in XSN
group exhibited significant total effective responses in the reduction of PVCs compared to
those in the placebo group (65.85% vs. 27.27%, P < 0.0001). No severe adverse effects
attributable to XSN were observed. In conclusion, XSN is an effective multicomponent
antiarrhythmic medicine to treat PVC without adverse effect in patients, which is
convincingly supported by its class I & III pharmacological antiarrhythmic mechanism of
blocking hERG potassium channels and hNaV1.5 sodium channel reported in our earlier
publication and prolongs AP duration both in ventricular myocytes and with computational
simulation of human AP presented in this report.
Keywords: Xin Su Ning, traditional Chinese medicine, multicomponent antiarrhythmic medicine, cellular
electrophysiology, premature ventricular contraction
INTRODUCTION

Although much research has been carried out in the attempt to
gain better understanding of cardiac arrhythmia and in searching
for effective and safe drugs to treat this common cardiac
condition, progress is not very encouraging due to the
multifactor and dynamic nature of the disease’s causes and its
development (Weiss et al., 2015). Targeting ion channels or
cellular electrophysiological properties as new drug development
strategy has developed sophistically in the last decades, however
using these methods, the drugs discovered in this scheme are far
from satisfactory (Frommeyer and Eckardt, 2016).

Xin Su Ning (XSN) is a multi-herbal medicine patented and
produced in China, which is sold in China since 2005 for treating
cardiac ventricular arrhythmia, especially arrhythmias induced
by cardiac ischemia and viral myocarditis. XSN is comprised of
11 herbs: Coptidis Rhizoma (Huanglian, Coptis chinensis
Franch.), Pinelliae Rhizoma (Banxia, Pinellia ternata (Thunb.)
Makino), Poria (Fuling, Poria cocos (Schw.) Wolf), Aurantii
Fructus Immaturus (Zhishi, Citrus aurantium L.), Dichroae
Radix (Changshan, Dichroa febrifuga Lour.), Nelumbinis
Plumula (Lianzixin, Nelumbo nucifera Gaertn.), Sophorae
Flavescentis Radix (Kushen, Sophora flavescens Ait.),
Artemisiae Annuae Herba (Qinghao, Artemisia annua L.),
Ginseng Radix et Rhizoma (Renshen, Panax ginseng C. A.
Mey.), Ophiopogonis Radix (Maidong, Ophiopogon japonicus
(L. f) Ker Gawl.), and Nardostachyos Radix et Rhizoma (Gancao,
Glycyrrhiza uralensis Fisch.). The pre-licensing pharmacological
studies in China showed that XSN significantly suppresses
cardiac arrhythmia induced by chemical reagents: matrine,
CaCl2, chloroform, and isoproterenol; and in cardiac ischemia-
induced arrhythmia, XSN significantly delayed the onset of
ventricular arrhythmia and shortened the time of arrhythmia.
The pre-licensing toxicity study showed that XSN did not induce
any abnormal changes to blood and urine, and application of
XSN did not cause any toxic reactions in the heart, the liver, and
kidney. We have recently reported that XSN blocks hERG
potassium and hNav1.5 ion channels (Wang et al., 2019b),
which implies that XSN can be categorized as a class I & III
in.org 2
antiarrhythmic medicine. In order to evaluate scientifically the
efficacy rigorously, in 2015 after 10 years of clinical use, a three-
armed, randomized, double-blind, placebo-controlled, parallel-
group, multicenter trial was launched with 861 eligible patients
randomly assigned.

We report here the cellular electrophysiological mechanism
of XSN, which would help to explain how XSN exert its
antiarrhythmic action in patients. In supporting the
mechanistic discovery we also report the results of the clinical
trial. Both laboratory and clinical research data are not only
mutually supporting each other, but also providing strong
scientific evidences regarding the widely accepted clinical
efficacy of XSN in treating cardiac arrhythmias since 2005.

The cellular electrophysiological study was conducted using
the conventional electrophysiological techniques (Ma et al.,
2006) that have been used for decades to identify/classify
antiarrhythmic chemical drugs and compounds (Rosen, 1988).
The effect of XSN on the action potential (AP) and its
corresponding ion channels of the ventricular myocytes were
studied aiming to clarify the cellular antiarrhythmic mechanism
of XSN, which in turn would provide mechanistic explanation
for the clinical efficacy of XSN.

We then report the results of the anti-premature ventricular
contraction (PVC) clinical evidence of XSN. PVCs, also known
as premature ventricular complexes, are early depolarization of
the myocardium originating in the ventricle due to increased
automaticity, triggered activity, or reentry. PVCs are commonly
encountered in apparently healthy individuals with a reported
incidence of approximately 1% on surface 12-lead
electrocardiogram (ECG) (Saurav et al., 2015). PVCs are seen
in 40% of routine 24-h ambulatory ECG recordings and in 75%
of 48-h recordings among the general population referred for
ambulatory ECG monitoring. Prevalence increases with age and
with less than 1% of ambulatory ECG recordings demonstrating
PVCs in those younger than 11 years of age compared with more
than 69% in those aged older than 75 years (Eugenio, 2015).

Despite PVCs being considered as benign in the absence of
structural heart disease, some of the recent data on PVCs casts
serious doubt on this hitherto-perceived notion. PVCs might
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produce high PVC burden in select individuals, contribute to left
ventricular (LV) dysfunction and dilation, and hemodynamic
deterioration (Winkens et al., 2014). Frequent PVCs cause severe
symptoms such as dyspnea, chest pain, dizziness, and palpitation
and may even be incapacitating in some patients (Cantillon,
2013; Giles and Green, 2013). Furthermore, more and more
recent studies have shown that frequent PVCs in patients with
established heart disease are associated with increased risk of
cardiac mortality (Qureshi et al., 2014; Lee et al., 2015). Meta-
analysis of premature ventricular complexes demonstrated that
frequent PVCs are associated with a substantial increase in the
risk for sudden cardiac death and total cardiac death findings
from observational studies in general populations (Ataklte et al.,
2013). Some studies have also shown that symptomatic PVCs,
and especially PVCs elicited during exercise, even in the absence
of identifiable heart disease, are correlated with an increased risk
of total mortality (Frolkis et al., 2003). Thus, the prevention and
management of PVCs are major public health challenges.

Evidence-based management of frequent PVCs usually includes
pharmacological treatment and catheter ablation therapy for
symptomatic patients who failed to respond to medical therapy
(Adams et al., 2012). Conventional anti-arrhythmic drugs (AADs)
such as b blockers or class I or III anti-arrhythmic agents are the
first-line recommendation for patients with symptoms that can be
attributed to frequent PVCs. However, the long-term use of single
chemical AADs may be suboptimal in the treatment of frequent
PVCs either due to their significantly low efficacy or proarrhythmic
effects (Kowey and Yan, 2005). Even with the advance of catheter
ablation for ventricular tachycardia, AADs remain an important
tool for treating arrhythmias. Therefore, seeking for a new effective
and safe anti-arrhythmic medicine/method is an important subject
of PVCs treatment.

Complementary and alternative medicine (CAM) therapy has
a long history of use in China to treat chronic diseases (Xiong
et al., 2013). Traditional Chinese Medicine (TCM), as one of the
CAM therapies, has anti-arrhythmic properties similar to
prescription of AADs and may have low toxicity and less
adverse clinical events with respect to multiple targets,
significant efficacy, and safety (Brenyo and Aktas, 2014; Hua
et al., 2015; Liu et al., 2015).

Previous studies have supported the ability of XSN to suppress
and prevent cardiac arrhythmias, including atrial, and ventricular
arrhythmias. However, the clinical efficacy and potential herb-
drug related safety regarding XSN used in humans has yet to be
studied. Therefore, to further confirm the efficacy of XSN observed
in experimental results, a three-armed, randomized, double-blind,
placebo-controlled, parallel-group, multicenter trial was designed
to systematically evaluate the efficacy and safety of XSN in the
treatment of patients with PVCs.
MATERIALS AND METHODS

Medicine and Chemicals
The experimental preparation of XSN was provided by Shaanxi
Momentum Pharmaceutical Co., Ltd. (Shaanxi, China) as an
Frontiers in Pharmacology | www.frontiersin.org 3
frozen dried powder of the extract of the 11 herbs described
above (detailed preparation procedures is described in the
Supplementary Document). The chemical composition of
XSN was studied and has been reported recently (Guo et al.,
2018); using the ultra-high-pressure liquid chromatography
coupled with linear ion trap-Orbitrap tandem mass
spectrometry (UHPLC-LTQ-Orbitrap) the fingerprint of the
chemical composition of XSN is shown in the supplement as
Supplementary Figure S1 with the authors’ permission, 41
components were identified as candidate bioactive components
(Guo et al., 2018). All other chemicals were purchased from
Sigma-Aldrich (Gillingham, Dorset, UK) and used as supplied
unless stated.

Cellular Electrophysiological Study
Cell Isolation
Cardiac myocytes were isolated from the hearts of adult male
Wistar rats (250–300 g) in accordance with UK Home Office
regulations (Schedule I of A [SP] A 1986), approved by national
and University ethics committees. Rats were anesthetized with
isoflurane and the hearts removed rapidly and perfused with
Krebs Hensleit Bicarbonate (KHB) containing in mM: NaCl,
118.1; KCl, 3.0; CaCl2, 1.8; MgSO4,1.2; KH2PO4, 1.0; NaHCO3,
27.3; glucose, 10.0; and pyruvic acid, 2.5, pH 7.4. The perfusion
rate was set at 5 ml/min at 37°C equilibrated with 95% O2—5%
CO2, and run continuously for 15 min, followed by a low Ca2+

KHB containing in mM: NaCl, 105.1; 3.0; CaCl2, 0.01; MgSO4,
1.2; KH2PO4, 1.0; NaHCO3, 20.0; Glucose, 10.0; pyruvic acid, 5.0;
taurine, 10.0; and mannitol, 5.0, pH 7.4, for an additional 10 min.
The perfusion was then switched to a recirculating KHB with low
Ca2+ containing Liberase Blendzyme 3 (0.03 mg/ml, 40 ml total)
for 50 min. The ventricle was minced and passed through four
layers of gauze, and the solution with the cells was centrifuged at
50 g for 2 min, and the supernatant aspirated. The cells were
finally resuspended in low Ca2+ solution and were kept at 4°C
until use.

Electrophysiological Techniques and Data Analysis
Myocytes were continuously superfused with recording solution
in a recording chamber mounted on an inverted microscope at
room temperature (22–24°C) (Ma et al., 2006). APs were
recorded using the whole-cell configuration of the patch-clamp
technique in current clamp mode with an Axon 200B patch-
clamp amplifier. Recording pipettes, made from borosilicate
glass, had resistances of between 1.5 and 3 M when filled with
the pipette solution containing in mM: KCl, 120.0; CaCl2, 1.0;
MgCl2, 2.0; ATPNa, 3.0; HEPES, 10.0; and EGTA, 11.0, pH 7.2 for
AP recordings, and the extracellular solution containing in mM:
NaCl, 112.1; KCl, 5.4; CaCl2, 1.0; MgCl2, 1.0; KH2PO4, 1.0;
NaHCO3, 24.0; and glucose, 10.0; pH 7.4. The whole-cell IK
current was recorded in the voltage clamp mode of the amplifier,
and the extracellular solution containing in mM: choline Cl,
112.1; KCl, 5.4; CaCl2, 1.0; CdCl2, 0.1; MgCl2, 1.0; KH2PO4,
HEPES, 5.0; NaHCO3, 24.0; and glucose, 10.0; pH 7.4. Current
and voltage commands were generated with pCLAMP data
acquisition (Version 10, Axon Instruments, USA). Data
analysis was carried out using pCLAMP (V.10) and Origin
May 2020 | Volume 11 | Article 600

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Ma et al. The Study of Xin Su Ning
(Microcal software, Inc. Northampton, MA) software. The
cellular experimental XSN was prepared by standard extraction
of the 11 herbs of XSN, after various filtrations a purified solution
of XSN was freeze-dried to a powder preparation (by
Momentum Pharmaceutical Co. Ltd.), which we used for this
study. XSN at various concentrations was dissolved in
extracellular solution. The control recordings were taken at
least 3 min after the AP had stabilized. The data are presented
as the mean value and its standard error (mean SE). The
differences between control levels and the changes caused by
XSN application were tested using Student’s t-test.

Clinical Study
Patients Eligibility and Exclusion Criteria
This study was a randomized, double-blind, placebo and positive
drug-controlled, multicenter study. Patients with the age of 18–
75 years accompanied by PVCs [>3,000 beats/d and <30,000
beats/d as recorded by Ambulatory Electrocardiograph (AECG)]
who were willing and able to provide written consent were
enrolled to the study. All the eligible patients were required to
discontinue other AADs for at least five half-lives or TCM related
to cardiovascular diseases for 2 weeks prior to enrollment. Both
men and women were included. Exclusion criteria included the
following: (1) severe patients needing other AADs; (2) acute
myocardial infarction, acute heart failure, systemic diseases such
as anemia, hyperthyroidism, PVCs due to digitalism, electrolyte
disturbances or other reversible factors, left ventricular ejection
fraction (LVEF) < 45%; (3) pregnant and lactating women, severe
mental illness; (4) disabled patients; (5) primary hepatic, renal or
hematopoietic system disease, alanine aminotransferase (ALT),
aspartate aminotransferase (AST) levels > twofold of the upper
normal limit or serum creatinine levels higher than the upper
normal limit; (6) patients who have received percutaneous
coronary intervention or coronary artery bypass grafting in
recent three months; (7) hypertension class III or highly risky
with poor blood pressure control; (8) a suspicion of allergies to
the study drugs; (9) participation in other clinical trials within 3
months prior to enrollment.

The study protocol was reviewed and approved by the
institutional review boards of each participating center, and the
study was conducted in accordance with the principles of the
Good Clinical Practice Guidelines and theDeclaration of Helsinki.
All patients provided written informed consent. The study was
registered in the Chinese Clinical Trial Register Center (ChiCTR-
TRC-14004180).

Study Design
This study was designed as a three-armed, randomized, double-
blind, placebo and positive drug parallel-controlled, multicenter
study in patients with PVCs. The present study consisted of a run-
in period prior to randomization and a treatment period of 4
weeks. All of the patients had undergone a medical history review,
physical examinations, laboratory measurements (including serum
glucose, electrolyte, ALT, AST, blood urea nitrogen (BUN), and
creatinine), 12-lead ECG and AECG screening, and
echocardiography examination before enrollment. The eligible
Frontiers in Pharmacology | www.frontiersin.org 4
patients were then randomly assigned (2:2:1), via the computer-
generated block randomization prepared in advance, to XSN (XSN
four capsules, 0.48 g per capsule plus simulated mexiletine two
pills), mexiletine (mexiletine two pills, 50 mg per pill plus simulated
XSN four capsules), or placebo groups (simulated XSN four
capsules plus simulated mexiletine two pills). Each participant
took the treatments three times per day for 4 weeks. Symptoms,
physical examinations, vital signs, 12-lead ECG, AECG,
echocardiography, and laboratory examinations were performed
at baseline and at the final visit. The efficacy and safety of XSN were
assessed after 4 weeks of treatment. The flowchart of study
enrollment and follow-up was presented in Figure 1.

Randomization and Blinding
Stratified and blocked randomization was used according to
different centers, and the 39 centers were divided into 39
strata. Patients in each center were further divided into trial,
positive drug, and placebo groups using blocked randomization.
Based on the results of the sample size estimated, a random
number from 1 to 900 was generated by SAS software (version
9.13, SAS Institute Inc., USA), and the subjects were randomly
assigned by each center. The results of the randomized allocation
were sent by the distribution systems of the responsible
department to each research center. Each patient’s random
number and his/her drug number were same throughout the
trial. The placebos were identical to XSN or mexiletine in
appearance, size, weight, color, and taste and were packaged in
identical boxes and given to patients by research nurses. The
investigators, laboratory personnel, statistical processors, and
patients enrolled in this trial were blinded to the study
group allocation.

Outcome Measures
The primary efficacy variable was evaluated as the relative
percent reduction of the overall frequency of PVCs from
baseline to 4 weeks after treatment detected by 24-h AECG
and was defined as the formula: (the number of PVCs during
baseline week − the number of PVCs during the last week)/(the
number of PVCs during baseline week) × 100. The definitions of
the therapeutic effects of XSN on PVCs were as follows: (1)
significantly effective response (SER) – the number of PVCs after
treatment decreased by 90% or more compared with baseline; (2)
effective response (ER) – the number of PVCs after treatment
decreased by 50–90% compared with baseline; and (3) no ER
(NER) – the number of PVCs after treatment decreased by <50%,
no change, or the number of PVCs increased compared with
baseline. The total effective rate (TER) of XSN on PVCs was
calculated as the combined endpoints of the SER and ER.

The secondary efficacy variable included changes in PVC-
related symptom scores from baseline to 4 weeks after treatment.
The symptoms used for this assessment included palpitation and
chest discomfort. Specific doctors performed the follow-up and
finished PVC-related symptoms score assessments each
weekend. The frequency and intensity of the symptoms were
rated as none, mild, moderate, or severe, which corresponded to
symptom scores of 0, 1, 2, and 3 points, respectively.
May 2020 | Volume 11 | Article 600
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Safety Evaluation
The safety analysis included all randomized patients who
received ≥1 dose of XSN. All patients underwent weekly
follow-up safety assessments during the study. Vital signs,
routine blood tests, liver function and kidney function tests,
electrolyte tests, and ECGs both at baseline and at the end of
treatment were examined. Adverse events were monitored and
determined by the investigator during follow-up using the
criteria of definitely, probably, possibly, probably not, and
definitely not attributable to XSN. Premature termination of
the trial was considered if the patient had a major adverse event
or significant worsening of PVC-related symptoms.

Sample Size
The sample size was calculated based on the following method.
This is a three-armed RCT study. The XSN group vs. mexiletine
group was designed as noninferiority and the XSN group vs.
placebo group was designed as superiority. The TERs after
treatment with mexiletine, XSN, and the placebo for the total
number of PVCs were assumed to be 70.5%, 71.0%, and 30.0%
respectively. The superiority margin is 25% and the
noninferiority margin is with a type I error rate of alpha =
0.025 and a power of 80% (type II error rate of beta = 0.2), and
thus, the required sample size for XSN group was 298 at least.
According to 2:2:1 design, the sample sizes for the XSN,
mexiletine, and placebo groups were 300, 300, and 150
respectively. Accounting for a dropout rate of 20% of the
patients after randomization, a total sample size of 900 was
required (360 in the XSN group, 360 in the mexiletine group, and
180 in the placebo group).
Frontiers in Pharmacology | www.frontiersin.org 5
Statistical Analysis
The baseline data from patients who underwent randomization
were analyzed as the full analysis set (FAS). The per-protocol set
(PPS) included all patients in the FAS who complied with the
protocol and completed the study through the final visit. The
safety set (SS) included all the participants who received
treatment and safety follow-up for at least one time. The
analysis of the primary and second efficacy endpoints were
performed in both FAS and PPS. The safety parameters were
performed in SS. Continuous data were presented as the mean ±
standard deviation (SD), and dichotomous data were presented
as numbers and percentages. Comparisons of the data between
patient groups were performed using independent sample t-tests
for continuous data. Paired sample t-tests were used to compare
the pre- and post-treatment data from each group. The Fisher
exact test or the Wilcoxon rank sum test was used to compare
binary variables or ranked data. Ninety-five percent confidence
interval (CI, two-sided) was presented as appropriate. All
statistical analyses were performed with SAS software. A P <
0.05 was considered as statistically significant, and all statistical
tests were two-sided.
RESULTS

Cellular Electrophysiology
The Effect of XSN on the AP of Cardiac Ventricular
Myocytes
The application of XSN at various concentrations to the isolated
cardiac ventricular myocytes produced a concentration
FIGURE 1 | Flowchart detailing enrollment and follow-up.
May 2020 | Volume 11 | Article 600
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dependent prolongation of the AP duration (APD) with an EC50

of 0.78 mg/ml, which was reversible upon washout of the
medicine. Figure 2A shows the superimposed AP traces (A)
recorded at control, the presence of different concentrations and
at washout of XSN as the keys indicated, and the peak current
values recorded under different experimental conditions are
plotted below against time as the keys indicated. Figure 2B is a
dose-response curve of XSN with normalized (to the control as 1)
APD prolongation against the concentration of XSN; at as low as
0.4 mg/ml, XSN significantly prolonged APD: 0.4 mg/ml, 1.286 ±
0.119 (n=8, P < 0.05); 0.8 mg/ml, 1.463 ± 0.061 (n=9, P < 0.05);
and 1.6 mg/ml, 1.803 ± 0.177 (n=7, P < 0.05). The curve fit of the
data produced an EC50 of 0.78 mg/ml.

The Effect of XSN on the Whole-Cell Potassium
Current of the Cardiac Ventricular Myocytes
XSN prolonged APD implies that it may block potassium
currents to cause the delay of repolarization of the AP. This
possibility was tested using a conventional method of recording
Ik in the isolated cardiac myocytes. Figure 3 shows the steady-
state activation of Ik in the absence and presence of XSN, the
Frontiers in Pharmacology | www.frontiersin.org 6
currents were elicited by applying a series test pulses of 300 ms
with potential range from 20 to −90 mV. The results shows that
XSN at 0.4 mg/ml suppressed IK and the effect was reversible.
This experiment was repeated in seven cells (n=7). The result
mechanistically supports the APD propagation property of XSN.

The Computational Simulation of the Experimental
Data
As we reported previously that XSN blocked human hERG
channels in a dose-dependent manner with an IC50 of 0.34
mg/ml (Wang et al., 2019b); the data were applied to
computational simulation of human AP. The result presents a
clear class III antiarrhythmic feature of APD prolongation by
XSN as shown in Figure 4, which also agrees with the results
shown in Figure 2 that XSN prolongs the APD of isolated
cardiac myocytes. Figures 4A, B are the data extracted from
our previous publication (Wang et al., 2019b). Figure 4C is the
simulated human AP traces of control and in the presence of 0.4
mg/ml XSN as the keys indicated.

The Comparison of XSN With One of Its Single
Compound Liensinine
There are more than hundred known compounds in XSN; it is the
multicomponent medicine that suppresses cardiac arrhythmia
effectively in patients. Following conventional thinking, the first
question asked would be which compound (s) in XSN induced the
prolongation of APD? To try to answer the question we tested a
few compounds of XSN, here we present the results on liensinine,
extracted from one of the 11 herbs formulated XSN, Nelumbinis
Plumula. Figure 5B shows that liensinine blocked the voltage-
gated fast INa and significantly prolonged APD with a different
profile from XSN (Figure 5A). Figure 5C shows that XSN at 0.4
mg/ml and liensinine at 10 µM both significantly prolonged
APD90, However liensinine did not prolong APD50 in contrast
with XSN: Liensinine at 10 µM prolonged APD90 (1.350 ± 0.04,
n=4, P < 0.05) without affecting APD50, 0.96 ± 0.03 (n=4, P >
0.05); XSN at 0.4 mg/ml significantly prolonged APD90 and
APD50, 1.22 ± 0.03 (n=5, P < 0.05) and 1.34 ± 0.06 (n=5, P <
0.05), implying that a single compound could not produce the
multicomponent action of XSN.

Clinical Study
Patient Characteristics
From April 2014 to January 2016, 861 patients from 39 hospitals
across the mainland of China were enrolled in this study and
were randomly assigned to receive XSN, mexiletine, or the
placebo. Of the 861 patients enrolled, 343 patients were
randomized to the XSN group, 345 patients were randomized
to the mexiletine group, and 173 patients were randomized to the
placebo group. Fifteen patients in the XSN group, nine patients
in the mexiletine group, and eight patients in the placebo group
were lost to follow up. As a result, a total of 829 patients (328 in
the XSN group, 336 in the mexiletine group, and 165 in the
placebo group) completed the study. The baseline characteristics
of the 829 patients are shown in Table 1. The XSN group,
mexiletine group and the placebo group were comparable with
A

B

FIGURE 2 | The effect of Xin Su Ning (XSN) on the action potential (AP) of
cardiac ventricular myocyte. XSN prolonged APD in a dose-dependent
manner. (A) APD90 data points, extracted from every AP recorded through
the entire experiment, plotting against the time with XSN applications at
various concentrations indicated in the bar below the plot and the
superimposed AP traces recorded at control and in the presence of XSN at
different concentrations as the keys indicate. (B) The dose-response curve of
XSN on APD90 at concentrations ranging from 0.2 to 1.6 mg/ml, with an
approximate EC50 as 0.78 mg/ml.
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respect to demographic characteristics, clinical manifestations,
AECG parameters, and medical treatments. Of the 861 patients
enrolled and randomized, 74 patients due to loss to follow-up or
noncompliance with the study protocol. The dropout rate by trial
arm was 34 cases in the XSN group (dropout rate: 9.91%), 21
cases in the mexiletine group (dropout rate: 6.09%), and 19 cases
in the placebo group (dropout rate: 10.98%). As a result, a total of
779 (90.48%) patients (307 in the XSN group, 320 in the
mexiletine group, and 173 in the placebo group) completed the
4-week follow-up and were included in further efficacy analyses.

Efficacy Analysis
There was no significant difference in the total number of PVCs
at baseline between the XSN group, mexiletine group and the
placebo group (P =0.5886, Table 2). Whereas a smaller number
of PVCs was observed after a 4-week treatment than at baseline,
in the XSN group (4645.89 ± 6772.17 vs. 9250.56 ± 6297.37
beats/d, P < 0.0001), mexiletine group (4480.37 ± 6851.37 vs.
8983.23 ± 6439.02 beats/d, P < 0.0001), and the placebo group
(7617.16 ± 8794.66 vs. 9129.63 ± 6796.15 beats/d, P < 0.0001); in
addition, compared to the placebo group, the XSN group and
mexiletine group had a statistically significant change in the total
PVC frequency after the 4-week treatment period (P < 0.0001,
Figure 6). In the FAS analysis (Table 2), in the comparison
between the pretreatment and 4 weeks post-treatment data, the
SER and ER were 45.73% and 20.12% in XSN group, 40.77% and
Frontiers in Pharmacology | www.frontiersin.org 7
22.32% in mexiletine group, and 14.55% and 12.73% in placebo
group, respectively; the proportion of patients with a TER
reduction in the frequency of total PVCs for the XSN,
mexiletine, and placebo groups were 65.85%, 63.10, and
27.27%, respectively (P < 0.0001); the proportion of patients
with a TER reduction in the frequency of PVCs was significantly
greater in the XSN group compared with the placebo group
(38.58%, 95% CI: 30.07–47.10%, P < 0.0001). The PPS analysis
showed similar trends (39.78%, 95% CI: 30.07–48.68%, P <
0.0001, Table 3).

In terms of the secondary endpoints, there were no significant
differences in the severity of PVC-related symptoms, including
palpitation and chest discomfort, at baseline between the XSN
group, mexiletine group, and the placebo group (Table 4).
Nevertheless, significant differences were observed in the
respective PVC-related symptoms at the final visit between the
XSN group, mexiletine group, and the placebo group (Table 4).
When analyzed by FAS and PPS, patients receiving the XSN
treatment experienced significantly greater SER, ER as well as
TER of improvements in their PVC-related symptoms including
palpitation and chest discomfort compared to patients receiving
the placebo treatment (all P < 0.0001, Tables 1 and 2).

Safety Analysis
The adverse events are presented in Table 5. A total of 861
patients were included in the SS analysis. Adverse events were
FIGURE 3 | The effect of Xin Su Ning (XSN) on the whole-cell Ik of the cardiac ventricular myocytes. The upper panel shows the voltage clamp protocol and the
current traces recorded at control, in the presence of XSN and the recovery as indicated above the current traces. The lower panel shows the current–voltage
relationship plots at control and in the presence of XSN and the data presented is n=7.
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A

B

C

FIGURE 4 | The computational simulation of the human AP. (A, B) Data extracted from our previous publication (Wang et al., 2019b); Xin Su Ning (XSN) blocked
human hERG channels in a dose-dependent manner with an IC50 of 0.34 mg/ml. (C) The simulated human AP traces of control and in the presence of 0.4 mg/ml
XSN as the keys indicated.
A B

C

FIGURE 5 | The effect of Xin Su Ning (XSN) and liensinine on action potential (AP) duration. (A) The effect of XSN at concentration of 0.4 mg/ml and the effect of
liensinine at concentration of 10 µM on AP. (B) The effect of Liensinine at 10 µM on INa, and the voltage clamp protocol is shown above the current traces. (C) The
APD90 & APD50 plots against time with XSN and Liensinine applications indicated in the keys. The APs and data points in panel (A–C) were recorded in one myocyte
in a continuous experiment.
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reported in 50 patients, including 18 in the XSN group, 21 in the
mexiletine group, and 11 in the placebo group (P = 0.8430). All
reported adverse events were mild and were judged to be
probably not attributable to XSN. Neither death nor serious
adverse events related to XSN was reported during the study.
Compared with the placebo group, the administration of XSN
had no significant impact on the liver, kidney functions as well as
the ECG parameters (Table 6).

DISCUSSION

As a TCM formula, XSN has been certified to treat tachycardia
type of arrhythmias since 2005. Its clinical efficacy has been
widely accepted. The results we reported here provided further
and rigorous cellular mechanistic and clinical evidences helping
to understand why and how XSN exert its antiarrhythmic actions
clinically in its everyday applications.

Previously we reported that XSN blocks human sodium and
potassium channels (Wang et al., 2019b). We report here that
XSN prolongs APD in a dose-dependent and reversible manner.
These pharmacological findings have clearly classified XSN as a
class I & III antiarrhythmic medicine (Vaughan Williams, 1992).
These cellular pharmacological evidence, therefore, provides
support for XSN’s clinical antiarrhythmic applications, which
is further supported by the clinical trial data we presented here.
TABLE 1 | Baseline characteristics of the study population.

Items XSN group (n = 328) Mexiletine group (n = 336) Placebo group (n = 165) P

Age, years 53.50 ± 13.09 52.12 ± 13.62 53.86 ± 13.21 0.3193
Male 121 (39.41) 151 (44.94) 77 (44.67) 0.3132
Height, cm 165.54 (6.93) 166.14 (7.27) 166.01 (7.13) 0.3481
Weight, kg 66.05 (9.88) 66.81 (11.45) 66.03 (10.41) 0.7145
Systolic blood pressure 125.32 (10.86) 125.09 (11.94) 125.13 (11.32) 0.8532
Diastolic blood pressure 77.42 (7.63) 77.64 (7.63) 77.59 (8.34) 0.9948
Symptoms
palpitation 281 (91.53) 299 (93.44) 148 (97.37) 0.4184
Chest discomfort 267 (86.97) 283 (88.44) 138 (80.79) 0.8606
PVCs, beat 9250.56 (4180.00,11589.50) 8983.23 (4184.50,11593.00) 9129.63 (4091.00,11780.00) 0.5886
PACs, beat 236.48 (0.00,31.00) 233.78 (0.00,33.00) 165 (0.00,34.00) 0.8253
May 2020 | Volume 11 | Art
PVCs, premature ventricular contractions; PACs, premature atrial contractions; XSN, Xin Su Ning.
FIGURE 6 | The total number of PVCs from baseline to 4 weeks after
treatment in the Xin Su Ning (XSN) group, mexiletine group, and the placebo
group. PVCs: premature ventricular contractions. #P < 0.001 vs. baseline,
*P < 0.001 vs. the placebo group. Continuous data were presented as the
mean ± standard deviation (SD). A smaller number of PVCs was observed
after a 4-week treatment than at baseline, in the XSN group (4645.89 ±
6772.17 vs. 9250.56 ± 6297.37 beats/d, P < 0.0001), mexiletine group
(4480.37 ± 6851.37 vs. 8983.23 ± 6439.02 beats/d, P < 0.0001), and the
placebo group (7617.16 ± 8794.66 vs. 9129.63 ± 6796.15 beats/d, P <
0.0001). In addition, compared to the placebo group, the XSN group and
mexiletine group had a statistically significant change in the total PVC
frequency after the 4-week treatment period (P < 0.0001).
TABLE 2 | Primary and secondary endpoint results after 4 weeks of follow-up in the FAS, n (%).

Items XSN group (n=328) Mexiletine group (n=336) Placebo group (n=165) Rate difference,% (95% CI) P

Primary endpoints
SER 150 (45.73) 137 (40.77) 24 (14.55)
ER 66 (20.12) 75 (22.32) 21 (12.73)
TER 216 (65.85) 212 (63.10) 45 (27.27) 38.58 (30.07–47.10) <0.0001
Secondary endpoints
Palpitation
SER 163 (52.41) 137(41.03) 32 (20.65)
ER 91 (29.26) 81 (24.85) 52 (33.55)
TER 254 (81.67) 218 (66.88) 84 (54.2) <0.0001
Chest discomfort
SER 189 (60.77) 174 (53.37) 57 (36.78)
ER 56 (18.01) 48 (14.72) 29 (18.71)
TER 245 (78.78) 222 (68.09) 86 (55.49) <0.0001
FAS, full analysis set; CI, confidence interval; SER, significantly effective response; ER, effective response; TER, total effective response; rate difference, rate of TER in XSN group − rate of
TER in placebo group; P, XSN group vs. placebo group.
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Our clinical data describe the first three-armed, randomized,
double-blind, placebo-controlled, parallel-group, multicenter
trial regarding TCM treatment for PVCs. Although
conventional AADs are the first-line therapy for patients with
incapacitating PVC-related symptoms, due to the proarrhythmic
effects and adverse side effect of most AADs, the clinical use of
these drugs has been severely restricted. In our study, we found
that XSN improved the overall counts of PVCs and PVC-related
symptoms in a pre- and post-treatment analysis, and its efficacy
was noninferior to that of mexiletine, a class Ib conventional
AAD and was significantly superior to that of the placebo. In
addition, the results of the present study also demonstrated that
XSN was tolerated and safe in patients with PVCs during the trial
treatment, which support the finding that there has no severe
adverse reactions induced by XSN being reported since 2005
when it was certified to be sold in China.

Some limitations in our study must be acknowledged. Firstly,
for the experimental data, although the antiarrhythmic effect of
XSN in animal experiments was presented for the certification to
produce in 2005 in China (unpublished), the report we presented
TABLE 3 | Primary and secondary endpoint results after 4 weeks of follow-up in the PPS, n (%).

Items XSN group (n=307) Mexiletine group (n=320) Placebo group (n=152) Rate difference,% (95% CI) P

Primary endpoints
SER 148 (48.21) 137 (42.81) 24 (15.79)
ER 65 (21.17) 75 (23.44) 21 (13.82)
TER 213 (69.38) 212 (66.25) 45 (29.61) 39.78 (30.07–48.68) <0.0001
Secondary endpoints
Palpitation
SER 161 (52.45) 135 (42.19) 31 (20.39)
ER 90 (29.32) 79 (24.69) 52 (34.21)
TER 251 (81.77) 214 (66.88) 83 (54.6) <0.0001
Chest discomfort
SER 187 (60.91) 171 (53.44) 55 (36.19)
ER 55 (17.92) 48 (15.00) 29 (19.08)
TER 242 (78.83) 219 (68.44) 84 (55.27) <0.0001
May 2020 | Volume 11 | A
PPS, per−protocol set; CI, confidence interval; SER, significantly effective response; ER, effective response; TER, total effective response; Rate difference, rate of TER in XSN group − rate of
TER in placebo group; P, XSN group vs. placebo group.
TABLE 4 | A comparison of PVC-related symptom severity among XSN, mexiletine, and placebo group at baseline and 4 weeks after treatment, n (%).

Items Baseline 4 weeks after treatment

XSN group
(n=328)

Mexiletine group
(n=336)

Placebo group
(n=165)

P XSN group
(n=311)

Mexiletine group
(n=326)

Placebo group
(n=155)

P

Palpitation
None 27 (8.23) 23 (6.85) 6 (3.64) 0.6171 147 (47.27) 114 (34.97) 32 (20.65) <0.0001
Mild 97 (29.57) 118 (35.12) 57 (34.55) 145 (46.62) 177 (54.29) 93 (60.00)
Moderate 178 (54.27) 161 (47.92) 84 (50.91) 19 (6.11) 31 (9.51) 26 (16.77)
Severe 26 (7.93) 34 (10.12) 18 (10.91) 0 (0.00) 4 (1.23) 4 (2.58)

Chest
discomfort

None 42 (12.80) 40 (11.90) 17 (10.30) 0.9471 187 (60.13) 171 (52.45) 56 (36.13) <0.0001
Mild 146 (44.51) 163 (48.51) 83 (50.30) 118 (37.94) 134 (41.10) 82 (52.90)
Moderate 136 (41.46) 122 (36.31) 62 (37.58) 6 (1.93) 21 (6.44) 15 (9.68)
Severe 4 (1.22) 11 (3.27) 3 (1.82) 0 (0.00) 0 (0.00) 2 (1.29)
PVC, premature ventricular contraction; P, XSN group vs. placebo group; XSN, Xin Su Ning.
TABLE 5 | Adverse events reported during the study, n (%).

Items XSN group
(n=328)

Mexiletine group
(n=336)

Placebo group
(n=165)

Headache 2 2 1
Dizziness 3 3 2
Palpitation 0 1 0
Sinus bradycardia 0 0 0
Atriaventricular
block

0 0 0

Gastrointestinal
symptoms

3 3 2

Abnormal liver
function

2 3 2

Urinary infection 1 2 0
Anemia 1 1 0
Rash 2 3 2
Conjunctivitis 2 2 1
Osphyalgia 2 1 1
Total adverse
events

18 (5.25) 21 (6.09) 11 (6.36)
XSN, Xin Su Ning.
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here does not include the effect of XSN in arrhythmic animal
models, we, therefore, aim in the near future to carry out
experiments that should reflect the clinical efficacy of XSN in
animal models to support our cellular electrophysiological
findings. Secondly, for the clinical study, the follow-up period
of our study was only 4 weeks and this period may be short and
not sufficient to evaluate the medium- to long-term effects of
XSN for the treatment of PVCs, as well as the adverse events
associated with long-term therapy. Long-term clinical trials are
needed to further verify the results of our study and assess the
long-term efficacy and safety of XSN in the treatment of PVCs.
Secondly, not all patients enrolled in the current study have
structural heart disease. However, in the real world, patients with
PVCs are often suffered from organic heart diseases, such as
coronary heart disease, hypertension, primary cardiomyopathy,
or heart failure. These patients should be included and analyzed
in future clinical trials.

XSN formula was designed to treat arrhythmia with phlegm-
heat heart-disturbed syndrome (PHHD) according to Chinese
medicine theory. We recently reported a network/systematic
pharmacology study on XSN with a novel weight coefficient
introduced to mimic the relative amount of all the components
in relation with the weight of the corresponding herb in the
formula (Wang et al., 2019a). Combining the collected data and
our discoveries in the lab, a panoramagram of the
pharmacological mechanism of XSN was established. Pathway
enrichment and analysis showed that XSN treated PHHD
arrhythmia through multiple ion channels regulation,
protecting the heart from I/R injury, inhibiting the apoptosis
of cardiomyocyte, and improving glucose and lipid metabolism.
This study demonstrated the wider spectrum of the likely
pharmacological effect of XSN based on its multi-targeting
property that support the clinical therapeutic outcome
observed in nearly 15 years of its clinical use.

With the support of our previous discoveries (Wang et al.,
2019a; Wang et al., 2019b) and data presented here, we can
conclude that the antiarrhythmic action of XSN does have
cellular electrophysiological basis with class I & III antiarrhythmic
characteristics (Vaughan Williams, 1992). In addition, the widely
accepted computational simulation of human APs based on our
experimental data with XSN has also shown the class III
antiarrhythmic characteristics of prolonging APD, an action that
Frontiers in Pharmacology | www.frontiersin.org 11
increases the effective refractory period which suppresses
tachyarrhythmia, PVCs, caused by reentry mechanisms. XSN
blocks the whole-cell IK would contribute to the APD
prolongation. The difference on APD prolongation between XSN
and liensinine indicate that one single compounddoes not assemble
XSN’s action on APD. The clinical study showed significant
inhibition of PVCs in patients, which can be mechanistically
supported by our cellular electrophysiological discoveries.
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