Identification of licorice metabolites as novel GIRK channel modulators regulating heart rate
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Introduction. Licorice is a common food additive and is used in Chinese medicine. Excess licorice intake can trigger atrial fibrillation (AF), and AF patients possess constitutively activated G protein–gated inwardly rectifying K⁺ (GIRK1–4) channels. Whether licorice directly modulates GIRK channel activity remains unknown.
Aim. To determine whether licorice metabolites alter atrial rhythm by modulating GIRK channel activity.
Methods. Two major licorice constituents—glycyrrhizic acid (GA) and its metabolite 18β-glycyrrhetinic acid (18β-GA)—were examined using two-electrode voltage-clamp recordings in Xenopus oocytes expressing cardiac-type GIRK channels. Site-directed mutagenesis and molecular docking identified structural determinants of drug action. The impact on spontaneous beating rate was assessed by motion analysis in cultured rat atrial myocytes.
Results. GA reduced GIRK currents, whereas 18β-GA enhanced them. Phosphatidylinositol 4,5-bisphosphate (PIP₂) was essential for 18β-GA–induced activation, while Gβγ coupling was not. Mutation of a cytoplasmic-pore glutamate residue abolished the 18β-GA effect, indicating its critical role in drug binding, and this was confirmed by molecular docking. In cardiomyocytes, 18β-GA suppressed spontaneous beating; this effect was reversed by the GIRK blocker tertiapin-Q.
Discussion. The licorice metabolite 18β-GA activates cardiac GIRK channels through a mechanism requiring PIP₂ and a key cytoplasmic glutamate residue. Activation of GIRK channels by 18β-GA reduces atrial contractility, providing a potential molecular basis for licorice-induced atrial arrhythmias.
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