Ivabradine-derived dihydroxybenzoate salts as novel modulators of HCN channels
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Introduction. Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are key regulators of cellular excitability Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are key regulators of cellular excitability and are increasingly implicated in cancer-related processes. Ivabradine is a well-known HCN channel blocker; however, strategies to improve its pharmacological performance remain scarce. In this context, the formation of novel salt forms represents an attractive approach to fine-tune physicochemical and biological properties

Aims. To synthesize ivabradine-derived salts with dihydroxybenzoic acids and evaluate their potential as modulators of HCN channel activity.
Methods. Commercially available ivabradine hydrochloride was neutralized to obtain the free base, which was combined with selected dihydroxybenzoic acids to form salt systems. Characterization was performed using infrared spectroscopy (IR), nuclear magnetic resonance (NMR), and thermogravimetric analysis (TGA). Solubility was evaluated in different solvents. Biological activity was assessed using functional assays of HCN channel modulation.
Results. Ivabradine-derived dihydroxybenzoate salts exhibited differential modulation of HCN channel activity compared to the parent compound. Activity varied depending on the dihydroxybenzoic acid derivative, suggesting a relevant role of the counterion. Salt formation was also associated with changes in physicochemical properties, including solubility, which may contribute to the observed biological effects.

Discussion. These findings support salt formation as a strategy to generate novel HCN channel modulators. The observed differences highlight the importance of molecular design in optimizing ion channel-targeted therapies, particularly in cancer-related processes
