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Abstract


Mitochondrial K (ATP) channels (mKATP channels) opening was shown to be cytoprotective under different pathophysiological conditions. Generally it was supposed that the modulation of ROS and RNS production could largely explain antiapoptotic and cytoprotective effects afforded by pharmacological mK(ATP) channels openers. But how to explain cytoprotection regardless of contradictory effects of mKATP channels opening on ROS production in mitochondria? Relying on published data, we try to answer this question there.
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Mini Review



Mitochondrial ROS and RNS overproduction has a great cytotoxic potential well described in the literature. Several pathophysiological conditions and the action of cytotoxic agents are accompanied by excess ROS and RNS formation. These free radical products and their derivatives could easily modify cellular proteins, lipids, channels and enzymes and trigger multiple cell death pathways. Most dangerous is the interplay between ROS and RNS resulting in the formation of highly toxic products, such as •OH radical and peroxynitrite. Their excess formation is known to severely aggravate pathophysiological conditions. mKATP channels openers were shown to be effective in prevention of apoptosis and necrosis under different pathological states, but, regardless of extensive studies of last two decades, pathways of their cytoprotective action are poorly understood. The progress is essentially hampered by still unknown molecular composition of mKATP channels. According to literary data, protection against cytotoxic agents, stress and pathophysiological conditions for the most part occurred via suppression of ROS and RNS overproduction. The effects of mKATP channels opening on RNS production are little studied yet, and most attention was focused on the regulation of ROS formation. However, main difficulty in explaining the mechanism(s) of cytoprotective action of mKATP channels openers this way is that mKATP channels opening was shown to differently affect ROS production. So, it worth mention to consider which effects on ROS production should be expected from mKATP channels opening.

Bioenergetic effects of mKATP channels opening. Generally, it is supposed that suppression of ROS overproduction by pharmacological mKATP channels openers (pinacidil, diazoxide, cromakalim, etc.) is based on bioenergetic effects of mKATP channel opening [1]. According to the present knowledge, ATP- sensitive potassium transport, which is directed to the matrix space in energized mitochondria, dissipates ΔµH, a free energy generated by electron transport chain. Being energy consuming process, K+ uptake always enhances state 4 oxygen consumption and the respiration rate. Unlike protonophoric uncoupling that diminishes ΔpH component of ΔµH, uncoupling of the respiratory chain by mKATP channel opening results in elevated ΔpH because of K+ uptake into mitochondrial matrix. So, the dissipation of ΔµH in the case of mKATP channel opening could largely occur at the cost of A¥m, and the effect of K+ transport on Δ¥m becomes important determinant of ROS production. The same is supposed to be true for RNS, because the dependence of RNS production on mitochondrial energy state too was shown in the literature.

In the heart and nervous system, mKATP channels were shown to be effective against a broad spectrum of cytotoxic agents. Protection of neurons by mKATP channels openers against glutamate [2], 1-methyl-4-phenylpyridinium (MPP(+)) [3], 3-nitropropionic acid [4] cytotoxicity as well as protection of cardiomyocytes against doxorubicin cytotoxicity [5] was shown to occur primarily via suppression of ROS and RNS production and the improvement of mitochondrial functional state. However, the main complexity in understanding physiological relevance of the modulation of ROS production by ATP-sensitive K+ transport and cytoprotective effect thereof is that both elevation and suppression of ROS production ensuing from mKATP channel opening were shown to be protective under pathophysiological conditions [6-8]. The explanation could lay in high cell specificity of signaling pathways triggered by mKATP channels opening, however, published data on the pathways of cytoprotection afforded by mKATP channels opening are rather scarce.

Triggering of cytoprotective signaling Apart of simply bioenergetic effects, mKATP channels opening was shown to afford protection either by triggering protective signaling pathways or by the blockage of cell death pathways. For the most part, involvement of mKATP channels in cell signaling was shown to occur via modulation of ROS/RNS production, and one of most studied cellular targets of cytoprotection afforded by mKATP channels opening is mitochondrial permeability transition pore (mPTP), a giant nonselective mitochondrial channel involved in cell death pathways. As it was shown already in early works of Garlid's group, moderate elevation of ROS production by mKATP channels opening in cardiac mitochondria resulted in triggering one of the most effective pathways of cardioprotection that is the activation of mitochondrial protein kinase C (PKCs) with consequent blockage of mPTP [9].

The link between mKATP opening, the modulation of ROS production and the suppression of mitochondrial permeability transition pore (MPTP) activity resulting in a preconditioninglike effects is one firmly established in the literature [6,10,11]. Cytosolic stage of this pathway may include activation of phosphatydilinositol 3-kinase (PI3K), Akt, NO, cGMP and PKG pathway with resulting opening of mKATP channel, moderate increase in ROS production and activation of PKCs [6]. Rather surprising was that, different of the results obtained in the heart, in the brain protection mediated by PI3K-Akt-...-mKATP pathway with consequent neuronal preconditioning required suppression of ROS production [12].

Other signaling pathway such as suppression of cell death signaling [13] too was reported in the literature. Contradictory results with respect to ROS production only indicate that our understanding of protective pathways ensuing from mKATP opening is lacking of multiple links between bioenergetic consequences of mKATP channel opening and molecular mechanisms of protective signaling specific for different cell types.

Conclusion

Based on the published data, most effective cytoprotection by mKATP channels openers was afforded not so by simple modulation of the amount of ROS, RNS and their derivatives, but rather by triggering cell-specific protective mechanisms critically dependent on free radical formation. There is still a lack of knowledge on ROS signaling, but it seems that synergistic action of simply bioenergetic effects of mKATP channels opening and cell-specific signaling pathways triggered by ensuing modulation of ROS and RNS production play decisive role in cardio- and neuroprotective effects afforded by mKATP channels openers.

This synergistic linking between simply bioenergetic effects and protective signaling makes mKATP channels openers very effective pharmacological tool in cell and tissue protection against pathological states and broad variety of cytotoxicity agents. At present it seems that we are only at the beginning in understanding complex signaling network involved in anti- apoptotic action of pharmacological mKATP channels openers. Disclosure of these mechanisms would help better understanding physiological role and functions of mKATP channels in a living organism.
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