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At present it is well known that a pronounced and reversible metabolic depression occurs in livers of lampreys (Lampetra fluviatilus) during winter pre-spawning period. The depression is characterized by substantial decrease of tissue and cellular endogenous respiration, an oxidative phosphorylation reduction and ATP content drop. Besides, one of the most important peculiarities of hepatocyte energy metabolism of the winter lamprey is the absence of significant contribution of glycolysis in ATP production as well as its regulation via the availability of fatty acids for oxidation, which are the main respiratory substrates (Savina and Derkachev, 1983; Savina and Gamper, 1998; Gamper and Savina, 2000). Activation of the energy metabolism is observed following the appearance of the secondary sex characters in spring. As suggested, a strong and genetically programmed hormonal regulation of seasonal variations in metabolic rate to preserve energy resources for spawning takes place. However, molecular mechanism(s) of the phenomenon is still elusive. 

In the present work, a one more attempt to puzzle out the mystery of life and decease of the lamprey was made. Using isolated mitochondria as a model, we have found that enhanced mitochondrial membrane permeabilization and respiratory chain complex I inhibition are involved in the lamprey liver mitochondrial dysfunction that is the case during winter starvation period. In particular, effects of heparin, different respiratory substrates and mitochondrial permeability transition (MPT) inhibitors, namely cyclosporin A (CsA), ADP, Mg2+, bovine serum albumin (BSA), [ethylenebis (oxyethylene-nitrilo)] tetraacetic acid (EGTA), dithiothreitol (DTT), rotenone  and MPT pore inducers  such as Ca2+, inorganic phosphate (Pi), Cd2+, and laurate on in vitro liver mitochondrial function of the winter lamprey were investigated.  It is interesting that the mitochondrial bioenergetical parameters such as basal respiration rate, ADP-stimulated (phosphorylating) respiration rate, and respiratory control index were affected by heparin and MPT inhibitors while an influence of these chemicals on an uncoupler-stimulated mitochondrial respiration rate depressed strongly was marginal.  Substantial differences in their action in the presence of NAD- or FAD-dependent respiratory substrates were revealed as well. Besides, the lamprey mitochondria were highly permeable to protons and swelled extensively in 125 mM NH4NO3 medium both in the absence and in the presence of the oxidized substrates whilst the swelling was not the case in isotonic sucrose medium. Ca2+, Pi and laurate (i.e. potent MPT pore inducers) applied separately or in combination produced a high-amplitude swelling of the mitochondria in the sucrose medium but it was only partially sensitive to CsA (Figure 1). Moreover, as seen, both natural (laurate) and artificial (p-trifluoromethylcarbonyl cyanide phenylhydrazone, FCCP) uncouplers depressed markedly the Ca2+ plus Pi-promoted swelling of the lamprey mitochondria oxidizing succinate. 

Figure 1. A membrane permeabilization of isolated lamprey mitochondria was determined from their swelling (measured spectrophotometrically as apparent absorbance changes at 540 nm) in 250 mM sucrose medium (3 mM Tris-HCl, pH 7.3) at 20°C in the presence of succinate, rotenone, and oligomycin; mitochondrial protein content - 0.45mg/ml. The concentrations used are: Ca2+ - 20µM, Pi - 1mM, FCCP - 100nM, laurate -30µM, CsA - 2µM.
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Contrary, Cd2+ did not induce any mitochondrial swelling in the sucrose medium at all concentrations under study. Nevertheless, low Cd2+ produced a significant inhibition of basal respiration of the lamprey mitochondria oxidizing NAD-dependent substrates whereas it evoked a significant stimulation of the respiration on FAD-dependent substrates. Moreover, all the aforementioned changes in the respiration rate promoted by the heavy metal were CsA-sensitive. A comparison of action of the MPT inducers on lamprey liver mitochondrial function with their effects on the rat liver one characterized by us earlier (Belyaeva et al., 2002; 2003) was conducted, and important distinctions between the species were found. As a result, hypothetical mechanism(s) of the mitochondrial dysfunction observed in liver of the starving lamprey during the pre-spawning period of its life cycle is suggested. In particular, a participation of nonselective pore of the inner mitochondrial membrane (via induction of its opening in low-conductance state) as well as an involvement of components of the respiratory chain in the processes is suspected. The verification of this proposal is the aim of our future investigations. 
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