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Computer Simulation Study

of the Potential Anti—arrhythmic Properties of Paeonol

Soojin Lee*

Department of Physiology, College of Korean Medicine, Sangji University

Paeonol is a major component found in the Paeoniaceae family such as Paeonia suffruticosa Andrews. Paeonia
suffruticosa Andrews has traditionally been used to enhance blood flow and relieve joint pain in east Asian countries
including China, Korea and Japan. Current research has shown that paeonol blocked the voltage-gated sodium
channel and L-type calcium channel. However, there is a lack of research to reveal the relation between cardiac
function and blockade of ion channels by paeonol. Therefore, the aim of this study is to investigate whether paeonol
has anti-arrhythmic effects via modulating cardiac ion channels. It is collected that the effects of paeonol on multiple
ion channels such as the fast sodium channel and L-type calcium channel from published papers. To incorporate the
information on multi-channel block, we computed the effects using the mathematical cardiac model of the guinea-pig
and rat ventricular cells (Noble 1998 and 1991 model) and induced early after-depolarizations (EADs) to generate an
arrhythmia in the whole heart. Paeonol slightly shortened the action potential duration in the normal cardiac
ventricular action potential by the inhibition of sodium channel and L-type calcium channel. Paeonol presented the
protective effect from EADs by the inactivation of sodium channel but not L-type calcium channel. Paeonol did not
show any changes when it treated on normal ventricular cells through the inhibition of sodium channel, but the
protective effect of paeonol through sodium channel on EADs was dose-dependent. These findings suggest that
paeonol and its original plant may possess anti-arrhythmic activity, which implies their cardioprotective effects.

keywords : Systems biology, Computational modelling, Anti-arrhythmia, Cardiac ion channel, Paeonol
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Table 1. Summary of paeonol studies on cardiac ion channels
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EEAAY o] Ad A ¥l&Z FESIY Aol L&A

O

HO

C;HyOs, Molecular weight = 166.17

Fig. 1. Chemical structure of paeonol.

ARE 7199 gt A
Y YEYI ndlg mopel CellML (http://www.cellml.org)'®
oA guinea-pig AlZA|Ze] o] Ad = (Noble 1998
model)’” % rat AZAE ol Md =Z(Noble 1991
model/”'g Mestgich. A% WY AR 2dL PEeb] 9
A A OjdtoA ZjEE  Cellular Open Resource
version (COR) 0.9°/2 Zgslgict. Byme YA 2
st AL J1E0] A7S Estol AU YA A2AZ
o o2 MY udo] UEF ol iy I FWIe
22 Qsto z7|SEEZ(early after-depolarization, EAD)
o gt ulMe AslETEd. AR WEkao] oL Ad & U
E& Adxt L-type Z4& Ad ZZbo] thgt paeonold] &its #
&sl7] QA= AAF AAte] SEXS] ol L WU Qr g
o) O oleAlde WAL WSHIZIA G WASRA it o]
2 Aol sigsts W] £XIE paeonold] o5l AAH vl&w
= ZAAA dHsto AEolA st

m mo &

4 o

1 A7) AH8E ARt A7) 54

ARro] o] 2 Ado] thdt paeonol®] &itE patch clamp %
2 Agstel M A7 % Wo| B A7) Ag=iglon] 3 W
37, 02 § Be A204 230” A7AT £ W LS 2000
gol wEY A7 ASH AZ: rat A2Azel
guinea-pig®] AZAZE= R}o]7} QI o0 AMEE paeonol?] F&=
T AA 10 pMPE 1,000 pM7HA] ChStich. Zhang'®e

rorlo ckE
O

. Concentration of Cardiac ion IC50 of inhibition
Author Year Journal Country Experiment Cells paconol channels of ion channel
Guinea-pig Iu* 17 uM
Ma Y. et at” 2006 Eur J Pharmacol UK P?tdl’w‘ clamp ventricular 10 yM ~ 320 uM N "
echnique myocytes Ieadt No inhibition
Zhang GQ. et af® 2003 Methods Find Exp Clin China Patch clamp Rat ventricular 10 uM ~ 1,000 M Tt 561 uM

Pharmacol

technique

myocytes

*, Ina fast sodium current, t, Icat, L-type calcium current



S.]. Lee

307

paeonol9] L-type Z4 A'do] thet AMEME rat HIAZOA
Esto] IC50= 561 pMojglen], Ma’:= UEF ol Mg ¢
L-type Zr& A'doll tigt &35 guinea-pig ATAZLOJA ZA5HE]
Zhango]| v[3] W2 F%=(10 ~ 320 pM)olA] ALE F3F5HYI=0] LU
EE o]2 do] o3t AR|Eat= #HIstYOLHICS0 = 17 uM)
L-type ZH& Ado] ot AA|gat= S9161K] FolRtHTable 1).
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entricular Action Potential (mv)
entricular Action Potential (mv)

v
v

T
0 05 L) 0 05 150

ential (mv)

Ventricular Action Porential {mv)

Ventricutar Action Pot

0 05 1{sec} 0 05 1{sec)
Fig. 2. Cardiac ventricular cell membrane action potential based on
Noble 1998 and Noble 1991 model. A & B. Normal guinea-pig and rat
ventricular cell membrane action potential (dotted line) of Noble 1991
and Noble 1998 model each. C & D. Normal guinea-pig and rat
ventricular cell membrane action potential (dotted line) and membrane
action potential of early after-depolarizations (EADs) induced by Ina (fast
sodium current) inactivation shift on the mathematical model (solid line).
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Fig. 3. Effect of paeonol on the ventricular cell action potential. A.
Effect of inactivation of Iv. by paeonol on normal guinea-pig ventricular
cell membrane action potential. B. Effect of inactivation of Ic... by paeonol
on normal rat ventricular cell membrane action potential. C. Effect of
inactivation of Iy, by paeonol on EADs-induced guinea-pig ventricular
cell membrane action potential. D. Effect of inactivation of Ic.. by
paeonol on EADs-induced rat ventricular cell membrane action potential.
a, ventricular cell membrane action potential; b, action potential with
induced EADs; ¢, action potential with application of 17 pM of paeonol (A
& C); d, action potential with application of 561 pM of paeonol (B & D).
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Fig. 4. Concentration dependent effect of paeonol on the ventricular
cell membrane action potential. A. Effect of inactivation of Ixa by
paeonol (10 ~ 320 puM) on normal guinea-pig ventricular cell membrane
action potential. B. Effect of inactivation of Iy, by paeonol (10 ~ 320 puM)
on the EADs-induced guinea-pig ventricular cell membrane action
potential. a, ventricular cell membrane action potential; b, action potential
with induced EADs; c~f, action potential with application of 10, 17 (IC50),
80, and 320 uM of paeonol.
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