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Introduction: The heart-rate lowering agent Ivabradine (Ivab) is used for cardiac ischaemia; its activity is mediated by inhibition of hyperpolarisation-activated and cyclic nucleotide-gated (HCN) channels in the sino-atrial node.
Aim: To demonstrate that pharmacologically concentrations of Ivab improves cardiac myoycyte viability in vitro after hypoxia reoxygenation (HxR) insult.
Methods: Freshly isolated adult rat primary ventricular myocytes (PVM) and cultured H9c2 myocyte-like cells were treated with 1 or 3 microM Ivab, exposed to 1 or 2 h hypoxia (residual oxygen <2% of saturation) followed by re-culture for 24 h under normoxic conditions (reoxygenation).  Cells were assessed for viability and mitochondrial function including ATP levels and the ATP/ADP ratio. In other studies cells were transfected with SiRNA to knockdown HCN-2 or HCN-4 expression before Ivab treatment and experimental HxR insult.
Results: Ivab dose-dependently decreased LDH release (~2- and 4-fold; 1 or 3 microM Ivab, respectively) and inhibited caspase activation (decreased 1.7- and 1.4-fold) in PVM and H9c2 cells. This enhancement of cell viability involved maintenance of mitochondrial function and sustained ATP production (as judged by assessing the ATP/ADP ratio, mitochondrial membrane potential and intracellular [ATP]). Addition of Ivab post-hypoxia, but before reoxygenation, decreased Ivab’s protective action. The involvement of cardiomyocyte HCN channels in Ivab’s cardioprotective action was demonstrated by using targeted SiRNA approaches to inhibit HCN-2 (decreased ~60% vs control) or HCN-4 (decreased ~75% vs control) mRNA expression. Targeted knockdown of HCN-2 or HCN-4 channels reversed the protective action of Ivab after HxR insult; loss of activity followed the order HCN-2 > HCN-4.
Conclusions: Ivabradine markedly improves cultured myocyte viability after experimental HxR injury. This activity is independent of heart rate-lowering but is a consequence of Ivab inhibiting HCN-2/4 channels.
