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ABSTRACT

Background and aim: Hydrocotyle bonariensis Comm ex Lamm (Araliaceae) is one of these plants suffi-
ciently exploited in traditional African medicine for its hypotensive effect. However, the pharmacological
effects of those plants on cardiac functions are not well known. The potassium currents IKs and IKr,
responsible for the repolarization of cardiac cell action potential, strongly influence the human cardiac
rhythm. Therefore, modulators of these currents have a beneficial or undesirable medical importance in
relation to cardiac arrhythmias. In order to optimize the therapeutic use of this medicinal plant, we
studied the effects of hydro-ethanolic leaf extract of Hydrocotyle bonariensis on both potassium currents.
Experimental procedure: The patch clamp experiments for IK currents recording were performed on the
HEK 293 (Human Embryonic Kidney 293) cell line, stably transfected with either KCNQ1 and KCNE1
genes encoding the channel responsible for the "IKs" current (HEK293 IKs), or with hERG (human ether-
a-go-go related gene) gene encoding "IKr" current (HEK293 IKr).
Results and conclusion: This study revealed that the hydro-ethanolic leaf extract of H. bonariensis
significantly inhibits the slow potassium component (IKs) without altering the fast potassium compo-
nent (IKr). The extract at 0.5 mg/ml decreases IKs conductance by 24 + 4.1% (n = 6) without modifying its
activation threshold suggesting a direct blockade of the slow potassium channel. This selective action of
the extract on the IKs current reflects a class Il anti-arrhythmic effect.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Pharmacological studies of this plant have revealed its antioxidant
and anti-inflammatory properties.> However, all aspects of bioac-

Hydrocotyle bonariensis Comm. ex Lam. is a herbaceous plant
widely used by traditional Togolese medicine practitioners to treat
mainly hypertension and diabetes and also many other diseases.?

List of Abbreviations: HB, Hydrocotyle bonariensis; HEK, Human Embryonic
Kidney; HERG, human ether-a-gogo related gene product.
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tive interactions of this plant, whether beneficial or risky, are not
yet fully explored.

Cardiac arrhythmias induced by modulation of the QT interval
via certain drugs including antiarrhythmics, antibiotics, antide-
pressants and neuroleptics, is a relatively frequent side effect of
great clinical importance.* Hydrocotyle bonariensis, like most me-
dicinal plants used in sub-Saharan Africa in the traditional man-
agement of cardiovascular disease,”® has not been yet the subject of
scientific studies evaluating its effect on the QT interval.

The slow cardiac delayed rectifier current (IKs) formed by co-
assembly of the a-subunit KCNQ1 and the 8-subunit KCNE1”® and
the fast potassium current (IKr) generated by the KCNH2 or hERG
subunit (human Ether-a-go-go Related Gene)’ are the major
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repolarizing currents in the human heart. The slightest imbalance
between current flows disrupts this repolarization phenomenon,
making the heart more susceptible to the development of cardiac
arrhythmias, specifically pathologies such as long QT syndrome,
short QT syndrome and atrial fibrillation.'%!! Nevertheless, these
channels are considered as targets of class III antiarrhythmic
agents.'” Indeed, moderate IKs and IKr blockade may produce a
beneficial class III antiarrhythmic effect.

Then, we would like to evaluate the effects of the hydro-
ethanolic leaf extract of this hypotensive plant on the potassium
currents involved in the regulation of the cardiac rhythm, by tar-
geting the human IKs current and the IKr current. The aim of this
study is to detect a potential side effect of H. bonariensis related to
the cardiac rhythm disorder, and in a second time any beneficial
effect of this plant for the cardiac function.

2. Materials and methods
2.1. Biological materials

2.1.1. Plant extract

The leaves of Hydrocotyle bonariensis (Araliacea) collected in
Togo, have been identified in the Laboratory of Botany and Plant
Ecology of the Faculty of Sciences of the University of Lomé and
deposited in the herbarium under the identification number TG
15183. The hydro-ethanolic extract was obtained by classical
isolation and solubilization procedures (see supplementary).'®

2.1.2. HEK 293 IKs and HEK 293 hERG stable cell lines

The patch clamp experiments for IKs current recording were
performed on the HEK 293 (Human Embryonic Kidney 293) cell
line stably transfected with the KCNQ1 and KCNE1 genes encoding
the channel responsible for the "IKs" current (HEK293 IKs). After
selection in 1.5 mg-mL-1 geneticin (Sigma Aldrich) for 2 weeks,
colonies were picked using cloning cylinders (Sigma Aldrich). The
current carried by the hERG channel will be called IKr even if the
regulatory subunit of IKr is lacking. Complementary deoxy-
ribonucleic acid (cDNA) encoding for the human ether-a-go-go
related gene product (HERG; GenBank Acc. No. U04270) was
cloned into pcDNA3.1-Zeo (Invitrogen, Carlsbad, CA, USA) vec-
tor.*"> IKs and IKr were examined for channel expression by
whole-cell configuration of patch clamp technique.

2.1.3. Cell culture

HEK 293 IKs and HEK 293 hERG cells are stored in cryotubes
placed in liquid nitrogen at —180 °C. For culturing, cryotubes are
thawed under a laminar flow hood and seeded in 75 cm 2 culture
flasks at 37 °C in a humidified atmosphere enriched with 5% CO2.
Cells are grown in Dulbecco's modified Eagle's medium DMEM
supplemented with 10% (v/v) fetal bovine serum (Cambrex Bio
Science Verviers, Belgium) and 1% antibiotic (streptomycin, 50 U/
mL, Cambrex). The culture media are replaced after 24 h. When the
cells are confluent, a transplantation is performed. The medium is
changed every 48 h during the transplantation of the cells. The cells
are seeded in 35 mm Petri dishes to obtain a confluence of about
50% on the day of the experiment.'*!

2.2. Electrophysiology

2.2.1. Patch clamp technique

The ionic potassium currents were recorded in the whole-cell
configuration using an Axopatch 200A amplifier with a CV 202AU
headstage (Molecular Devices, CA, USA). Voltage clamp were
generated by a personal computer equipped with an analog-digital
converter (Digidata 1322a, Molecular Devices) using pClamp
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software v10 (Molecular Devices). Analyses were performed using
Clampfit 10 software."”

2.2.2. IKs recording protocol

Cells were held at a membrane potential of —80 mV. Currents
were triggered by 3s test pulses at +100 mV applied every 15 s until
steady state was reached. Current-voltage relationships (IKs) were
obtained by stepping the membrane voltage for 5.5 s at voltages
between —70 and + 90 mV in 20 mV increments, and tail currents
were generated by the following repolarization to —40 mV (for
3 s5).1> Cells were superfused with vehicle until stabilization, then
with H. bonariensis extract at 0.5 mg/ml (n = 5) until steady state,
followed by a washout period with vehicle. Note that preliminary
results obtained in our laboratory indicate that 0.5 mg/ml reduces
blood pressure in anesthetized rabbit by more than 30% (not
shown).

2.2.3. IKhERG recording protocol

Cells were held at a membrane potential of —80 mV. Currents
were triggered by 5 s test pulses at +20 mV applied every 10 s until
steady state was reached. Current-voltage (IV) relationships were
obtained by varying the membrane voltage for 4.25 s at voltages
between —70 and + 50 mV in 20 mV increments. Deactivation tail
currents were recorded at —50 mV'4.

2.3. Statistics

Results are expressed as mean + standard error on the mean
(n = 6). They are processed with GraphPad Prism 7.0 software.
Analysis of variance (ANOVA) and T-test are used to compare the
means. The results are significant if the p-value < 0.05.

3. Results
3.1. Effects of H. bonariensis extract on IKs potassium current

We first examined the effect of the Hydrocotyle bonariensis
hydro-ethanolic leaves extract (0.5 mg/ml) on the IKs currents,
with HEK 293 cell lines stably transfected with KCNQ1/KCNE1
subunits (Fig. 1). During the application of voltage clamp protocols
(see supplement) cells were superfused with vehicle until stabili-
zation (Fig. 1 A up panel), then H. bonariensis extract at 0.5 mg/ml
until steady state, followed by a washout period with vehicle
(Fig. 1A down panel). As show in Fig. 1 B, H. bonariensis extract at
0.5 mg/ml inhibits IKs to reach a stable state. This effect is partially
reversible. The mean inhibition value obtained is estimated at
21.88 + 3.69% (p < 0.05, n = 6) (Fig. 1C).

The effect of H. bonariensis extract on the current-voltage rela-
tionship of the IKs channel was estimated by normalizing current
values plotted against the test potential in the absence (Fig. 2 A up
panel) and presence (Fig. 1 A down panel) of the extract. Normal-
ized currents were obtained from the peak current amplitudes in
response to depolarizing pulses, in the range of —70 to +90 mV
(Fig. 2 A and B). The analyze of activation curves indicates a sig-
nificant decrease in maximal conductance without induced acti-
vation range shift. Indeed, Gmax is reduced by 24 + 4.1% (p < 0.01,
n = 6) percent while Vi is not modified (43 + 1.6 mV vs
45+ 23 mVp > 0.5 n=6)

3.2. Effects of H. bonariensis extract on IKr potassium current

We examined next the effect of the Hydrocotyle bonariensis
hydro-ethanolic leaves extract on IKr at 0.5 mg/ml. Unlike IKs
channels, the extract did not induce any change of amplitude and
kinetic of IKr (Fig. 3 A). In the same way, no significant effect of the
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Fig. 1. Currents recorded on HEK 293-IKs cells by imposing the stimulation protocol (n = 6). A: IKs current amplitude recording in control condition (upper panel) and in treated
condition (H. bonariensis extract at 0.5 mg/kg, lower panel). Arrows correspond to current I = 0. B: Time-course representing maximal IKs current before, during and after
H. bonariensis 0.5 mg/ml perfusion. C: IKs amplitude variation showed by T-test + mann-whitney test (*P < 0,05).
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Fig. 2. Currents recorded on HEK 293-IKs cells by imposing the I/V stimulation protocol (n = 6). A: IV curve recording in control condition (upper panel) and in treated condition
(H. bonariensis extract at 0.5 mg/kg, lower panel). Arrows correspond to current I = 0. B: Normalized IKs IV curve amplitude variation showed by ANOVA + sidak's multiple
comparisons test. C: Normalized activation curve obtained from tail current traces as a function of pre-potentials (ANOVA + sidak's multiple comparisons test). ***p < 0.001 &
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extract is detected on both the I/V (Fig. 3 B) and activation curves
(Fig. 3C) properties compared to the control.

4. Discussion

In this study, we investigated the impact of the hydro-ethanolic
leaves extract of the hypotensive medicinal plant Hydrocotyle
bonariensis on cardiac rhythmicity, by evaluating its effects on hu-
man potassium currents IKs and IKr.

The IKs and IKr currents are the major potassium components
which contribute to repolarization of human heart.!" They have
been recognized as potential targets for class Il antiarrhythmic
drugs that prolong action potential duration (APD) and refractori-
ness; they have been shown to be effective in preventing/sup-
pressing cardiac arrhythmias.!"'>1°

The present study showed that the extract of H. bonariensis at
0.5 mg/ml, significantly decreases the amplitude of IKs and the IV
curve. The extract reduces the overall conductance of IKs by about
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Fig. 3. Current recorded on HEK 293-IKr cells by imposing the IV curve stimulation protocol (n = 6). A: IV curve recording in control condition (upper panel) and in treated
condition (H. bonariensis extract at 0.5 mg/kg, lower panel). Arrows correspond to current I = 0. B: Normalized IKr IV curve amplitude variation showed by ANOVA + sidak’s
multiple comparisons test. C: Normalized activation curve obtained from tail current traces as a function of pre-potentials (ANOVA + sidak's multiple comparisons test). No

significant difference is observed.

24% without modifying the activation threshold. The absence of a
shift of the activation curve indicates that the extract modifies the
channel conductance without altering their kinetics. In conse-
quence, it is likely that the active molecules present in the extract
block the channel pore.

On the other hand, we have observed that the effect of the
extract is partially reversible. A possible explanation for this partial
reversibility would be the binding of the bioactive compounds on
different sites of one or more subunits of the slow component (IKs)
of the potassium channel. In addition, it is plausible that these sites
have a variable affinity toward the various components present in
the extract, explaining the partial reversibility. Sites with slower
interactions would put the channel in under-conducting states.
These results are similar to other studies performed on the phar-
macology of IKs potassium channels.”’ "' In contrast, no significant
change of both amplitude and kinetics of IKr has been induced by
the extract.

Several previous studies have also highlighted the anti-
arrhythmic properties of certain plants or plant-based com-
pounds indicating their effects on the slow and fast potassium
current. For example, in guinea pig ventricular myocytes, dauricin,
a bioactive component of Menispermum dauricum inhibited both
IKs and IKr currents.?’ Further examinations on the cardiac potas-
sium channels expresssed on HEK cells showed that grape flavo-
noids decrease HERG channels. In the same way, glycyrrhetinic
acid, a component of licorice root (Glycyrrhiza glabra) dose-
dependently blocked IKr and IKs in guinea pig ventricular myo-
cytes.”?2 The peculiarity of the effects of H. bonariensis leaf extract
that emerges from our work is its selective inhibition of the IKs
current. In human myocardium, in the absence of B-adrenergic
stimulation, inhibition of IKs induces little or no effect on the
duration of action potential repolarization and on the QT interval.>®
In contrast, in guinea pig papillary muscle, the inhibition of IKs
causes a prolongation of action potential duration.” The increase in
repolarization and QT interval by blocking IKs will be greater in the
presence of an already increased repolarization duration, either
pharmacologically with inhibitors of IKr or IK1 currents, or path-
ologically, in the presence of long QT syndrome or heart disease.
Furthermore, pharmacological inhibition of IKs which plays an
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important role of repolarization reserve, has been shown to
enhance the susceptibility of heart to develop torsade de pointes in
the presence of an IKr block.?>?> Moreover, specific IKs inhibitors
(HMR1556) have not been associated with QT lengthening and
torsade de pointes in humans under normal physiological condi-
tions.?* In the present study, the reduction of IKs conductance by
the plant extract is relatively small suggesting that proarrhythmic
properties of flavonoids appear unlikely.

This selective inhibitory action of the extract of Hydrocotyle
bonariensis leaves on the IKs current may contribute to its efficacy
similar of class Il antiarrhythmics, in addition to its hypotensive
virtues. Indeed, class III antiarrhythmic drugs that block potassium
channels and particularly IKs, are thought to prolong cardiac
repolarization but not the conduction velocity. Prolongation of the
action potential and refractory period of potassium channel-rich
tissues, combined with maintenance of normal conduction veloc-
ity are known to prevent arrhythmic phenomena.?®

5. Conclusion and perspectives

In this study, we evaluated the pharmacological effects on the
potassium channels IKs and IKr of the hydro-ethanolic extract of
the leaves of Hydrocotyle bonariensis; we found a selective inhibi-
tory effect of the IKs current. This effect is similar to the effects of
class III anti-arrhythmics suggesting the medical potential of this
plant in the management of cardiac arrythmias. In vivo arrhythmia
studies will be conducted to confirm the active and selective
blocking of IK channels by the hydro-ethanolic extract and to assess
its antiarrhythmic effect. Moreover, as the extract has not been yet
characterized, bioactive compounds identification will be per-
formed by classical chemical procedures.
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