Anti-melanogenic activity and underlying mechanism of compounds isolated from Zingiber zerumbet rhizomes
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Introduction. Melanin pigments produced by melanocytes protect skin from ultraviolet irradiation. Hyperpigmentation caused by sunlight overexposure increases the risk of melanoma, age spots, and freckles. However, commonly used whiting agents still have side effects, including photosensitivity and contact dermatitis, emphasizing the need for safer alternatives. Zingiber zerumbet is a Zingiberaceae plant that has been shown to possess anti-melanogenic activities. 
Aims. We aimed to identify effective anti-melanogenic compounds from the rhizome of Zingiber zerumbet using the melanocyte-based anti-melanogenesis platform and investigate its anti-melanogenic mechanism through cell assays, in vitro enzyme assays, and in silico molecular docking.
Methods. Melanin biosynthesis in mouse B16-F10 melanocytes was induced with 50 or 100 nmol/L α-melanocyte-stimulating hormone (α-MSH) for 24 hours. Anti-melanogenesis assays, Masson Fontana staining, and immunoblotting were conducted after treating with 5~50 μmol/L testing compounds for another 48 hours. In vitro tyrosinase activity was evaluated with the mushroom tyrosinase assay. Molecular docking was performed based on the mushroom tyrosinase (protein data bank ID: 2y9x), analysed with PyRx (0.8 version), and visualized with Discovery Studio (2019 Client version 24). Statistics were analysed by one-way ANOVA.
Results. Among testing samples, compound 6, a flavonoid, at non-cytotoxic concentrations significantly ameliorated α-MSH-induced melanin content and cellular tyrosinase activity (P<0.01 vs. α-MSH induction). Despite displaying high binding affinity with mushroom tyrosinase in molecular docking, compound 6 did not exhibit a cellular tyrosinase inhibitory effect. Moreover, compound 6 reduced α-MSH-induced protein levels of tyrosinase-related protein 1 (TRP1). Additionally, compound 6 reduced cellular dendrite formation without influencing melanosome transport and distribution.
Discussion. The flavonoid compound 6 isolated from Zingiber zerumbet rhizomes served as a potent anti-melanogenic compound with inhibitions on TRP1 protein expressions and dendrite formations in melanocytes.
