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Lampreys, the most ancient vertebrates, are representatives of Cyclostomata. During the sea period of life they behave as predators parasitizing on some bony fish. In the last year of their life cycle in autumn lampreys migrate from the Gulf of Finland to the Neva river and switch off the exogenic feeding for all the period of prespawning migration (autumn, winter, and spring). In May and June they spawn and die. On coming into the river from the sea the early migrants have the content of adenine nucleotides, ATP in particular, per g of liver wet mass similar to that in mammals. However, as winter approaches, a very rapid decrease in ATP content and increase in AMP take place. In winter the energy charge potential (ECP), represented as ATP+1/2ADP/ATP+ADP+AMP (Atkinson, 1971), falls to 0.18-0.2, which is typical of nonmetabolising cells in anabiosis. The low energy level of adenine nucleotides in the livers of lampreys (the AMP content exceeds 10-fold the ATP content) correlates with the high degree of pyridine nucleotides reduction in the both compartments (cytosolic and mitochondrial) and with an extremely small value for the phosphate potential (cytosolic compartment) (Table 1).

Table 1. Adenine nucleotides and redox state of liver cell compartments in nonadapted lampreys and their changes during thermal adaptation.

Nucleotides
Conditions


Control (t=4-5ºC


Thermal adaptation during 2 days (t=17-18ºC)

ATP


0.11
1.52

ADP


0.34
0.65

AMP


1.1
0.2

TA


1.55
2.37

ECP


0.18
0.77

Cytosolic

NAD/NADH
130
1200

Mitochondrial

NAD/NADH
1.7
10

Cytosolic

NADP/NADPH
0.0077
0.074

Cytosolic

ATP/ADP*Pi
55


       ATP, ADP, AMP, mkmol /g wet wt.

       TA, total adenine nucleotide pool (ATP+ADP+AMP).

The results obtained on the animals in winter without thermal adaptation (control) demonstrate the inhibition of glycolysis, the redox part of pentoso-phosphate pathway and also a very low respiratory activity of mitochondria. Such energy situation prevents the reaction of protein, glycogen and RNA synthesis at any significant rate. This phenomenon is widespread in nature. The adenine nucleotide pools and energy charge potential in the liver cells of flounder, goldfish, and eel under the influence of hypoxia are changed similarly to these characteristics in the liver cells of lampreys under starvation in the winter period (Jorgensen, Mustafa, 1980; Thillart van den G., et al., 1980; Waarde et al., 1983) The following should be emphasized. In winter the metabolic depression is reversible only in case of thermal adaptation (Table 1). But in spring, beginning from March, the energy situation in the liver cells of lampreys is changed in a natural way. The content of ATP increases and that of AMP decreases and in some cases these parameters reach the values similar to those of the early migrants though starvation is going on. Obviously, at least in spring, the processes of hormonal induction described early for some fish, (Mommsen and Walsh, 1988) take place in lampreys. Under the influence of pituitary hormones, the follicle cells release into the bloodstream estrogen, which enters hepatocyte and initiates the synthesis of vitellogenin. Simultaneously estradiol initiates the intensive lypolisis of intracellular lipid stores and increases energy status of hepatocytes to provide by energy the synthesis of vitellogenin. 
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