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Abstract: Arrhythmia is the abnormal heart-beat frequency and/or rhythm caused by the origin of cardiac
activity and/or conduction disorder. Arrhythmia disease has various manifestations and complex etiology, which
can occur alone or complicated with other cardiovascular diseases. A sudden arrhythmic onset may lead to sudden
death, whereas a sustained onset may lead to heart failure. In cardiomyocytes, calcium overload induces apoptosis
and leads to arrhythmia. Calcium channel blockers have been widely used in clinic as a routine cardiovascular drug
to regulate calcium signal, but their efficacy on different arrhythmia complications vary, and they also have potential
therapeutic risks. Therefore, it is of great significance to seek calcium signal modulators targeting new mechanisms
from plants and other natural product resources and develop them into anti-arrhythmia drugs with higher safety and
better curative effect. This review focuses on the calcium signal regulatory effects of plant-derived natural calcium
channel antagonists in arrthythmia models, highlights the research progress in recent years, and summarizes the effects

and mechanisms of various natural drugs such as alkaloids, saponins, quinones and flavonoids, which regulate Ca**
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homeostasis, to provide a theoretical basis for the drug development of natural calcium channel antagonists to prevent

and treat arrhythmia in the future.
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Table 1  Natural product therapies with antiarrhythmic properties. AF: Atrial fibrillation; I, ;: L-type calcium channel current; ATX-II:
Anemonia sulcate toxin ITI; CaM: Calmodulin; CamKII: Calmodulin-dependent protein kinase II; LTCC: L-type Ca>* channels; I/R: Ischemia

reperfusion; VA: Ventricular arrhythmias; AVB: Atrioventricular block

Active Molecular . . . .
. . Natural drug Antiarrhythmic type Probable mechanism State of evidence  Ref.
ingredient formula
Alkaloid Matrine CH,,N,0 Arrhythmias following myocardial ! | P 1 I, density, In vitro/animal [5,6]
infarction; AF Cav1.2 protein models
Oxymatrine CH,N,O0,  Arrhythmias following myocardial | Cavl.2 mRNA In vitro/animal [7]
infarction models
Sophocarpine C,;H,,N,O Experimental arrhythmia induced by ! | In vitro/animal ~ [10-13]
ouabain and isoproterenol models
Tetrandrine C,;H,N,O,  Early posterior depolarization and ! I In vitro/animal [18]
ventricular arrhythmias models
Isoliensinine C,,H,,N,O Early post depolarization and late post | Teor In vitro [20]
depolarization
Dehydroevodiamine C H N,O - . In vitro [22]
Changrolin C,,H,)N,0 - 11, In vitro [24]
Isorhynchophylline  C,,H,(N,O,  Experimental arrhythmias caused by ! Ie, In vitro [25]
ouabain and calcium chloride
Quinones Tanshinone ITA C,,H,;0, Long QT syndrome; ventricular | CaM, CaMKII and LTCC  Animal models  [26,27]
arrhythmia following myocardial mRNA
infarction
Tanshinone IIA C,,H,,NaOS Pathological Q waves | CaM and CaMKII mRNA Clinical research  [29]
sodium sulfonate
Aloin C, H,,0, Experimental arrhythmias induced by | |, In vitro/animal [37]
aconitine, hypercalcium and ATX-II models
Glycoside Ginsenoside Re C,H,0, - . In vitro [36]
Ginsenoside Rbl C,,H,,0,, Late post depolarizing; ventricular ! Teor In vitro/animal [34]
arrhythmias models
Ginsenoside Rgl C,H,0, Arrhythmia following I/R ! Lo In vitro [36]
Ginsenoside Rg2 C,H,,0,, Experimental arrhythmia induced by | CaMKII phosphorylation ~ Animal models [37]
CaCl,
Paeoniflorin C,H,,0,, - oL In vitro [38]
Flavonoid Icariin C,;H, 0, Experimental arrhythmias induced by | Ieo In vitro [39]
aconitine, isoproterenol, hypercalcium
and ATX-II
Isovitexin C,H,,0, - ! Lo In vitro [40]
Resveratrol C,H,,0, VA and AVB following I/R ! I, In vitro [42,43]
Orientin C,H,0, - . In vitro [44]
Terpenes  Schisandrin B C,,H,,0, Experimental arrhythmias induced by | I.,,; | calcium channel,  In vitro/animal [46]
aconitine recovery time models
Others 6-Gingerol C,H,0, - ! Lot In vitro [47]
Paeonol C,H, 0, - I 1, In vitro [48]
Crocetin C,H,,0, Experimental arrhythmias induced by | I, In vitro [50]
aconitine, ouabain and calcium chloride
Nardosinone C,H,,0, - ! I In vitro [51]
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Figure 1 A diagram of known plant-derived natural product targets in
in Table 1. NCX: Sodium-calcium exchanger type 1; PKA: Protein kina:
reticulum; RyR2: Ryanodine receptor type-2; PKC: Protein kinase C;
VDCC: Cav2.2 N-type voltage-dependent Ca®* channel
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calcium signaling. Details of the natural products are summarized

se A; cAMP: Cyclic adenosine monophosphate; SR: Sarcoplasmic

SERCA: Sarcoendoplasmic reticulum calcium transport ATPase;
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