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Introduction

The European eel (Anguilla anguilla) has a facultative catadromous life history. The juvenile glass-eel stage makes the migration into freshwater and the important transition from hypo-osmoregulation to hyper-osmoregulation. Despite the economic importance of the glass eel fishery to aquaculture and the significance of this freshwater transition to river system recruitment, relatively little attention has been directed at the osmoregulatory physiology of this life history stage (see Wilson et al. 2004). 

Two key ATPase associated with iono regulation in sea water and freshwater are Na+,K+-ATPase and V-ATPase respectively. Na+,K+-ATPase is the driving force for the elimination of Cl- in conjunction with the NKCC and a Cl- channel protein in seawater fishes and is also involved in Na+ uptake in freshwater fishes although levels of activity tend to be lower in freshwater fishes. The V-ATPase is believed to drive Na+ uptake by creating a favourable electrochemical gradient. In order to determine if there are seasonal changes in the expression of these two ATPase at the point of estuarine entry, monthly sampling was conducted throughout the year.

The regulation of Na+,K+-ATPase activity has been shown to be under endocrine control (McCormick 2001). The steroid hormone cortisol has been shown to increase levels of Na+,K+-ATPase in the gill as well as the number of branchial mitochondria-rich cells (MRCs) and has been called the “seawater hormone” although it does have similar effects in freshwater salmonids. In the present study, the role of cortisol in FW adaptation was investigated by looking at the effects of glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) blockade using the antagonists mifepristone (RU-486) and spironolactone, respectively. 

Material and Methods

Glass eels (Anguilla anguilla L.) were collected from the mouth of the River Minho monthly during the new moon phase over a 2 year period and transported to the laboratory where they were kept in small temperature controlled holding tanks. Some animals were immediately sampled as part of the monthly sampling regime. When numbers were sufficient, the remainders were kept in the lab for further experiments. No attempt was made to feed animals during holding. Animals were anaesthetized and given intra-peritoneal injections of either coconut oil (CO; 0.5(l·0.1g bw); CO+50(g·g-1 cortisol (F); CO +100(g·g-1 RU-486 (mifepristone); or +100(g·g-1 spironolactone (Sigma Chemical Co.). After 10 days animals were sampled. (Wilson et al. 2004).

Results and Discussion

There were no seasonal differences in the activity of branchial Na+/K+-ATPase or V-ATPase. During the summer months, however, late stage glass eels (more heavily pigmented and have spent a longer time in the estuary) Na+/K+-ATPase activity was significantly lower than in early stage glass eel (new arrivals to the estuary) from the same sampling. V-ATPase activities were not different. In additional experiments comparing FW and SW acclimated glasseels, V-ATPase activities were also not different. These results are altogether not too surprising since Na+ uptake rates in eels have been found to be quite low compared to trout that show marked changes in V-ATPase expression.

In the implant studies, a drop in branchial Na+,K+-ATPase activity was associated with acclimation to freshwater in control glass eels given CO implants (Fig.1; see also Wilson et al. 2004). This drop was also evident in glass eels give cortisol or RU-486 implants although in the latter group the drop was not significant (P=0.069). In glass eels given spironolactone implants there was clearly no change (P=0.988). These data suggest that cortisol might have a role in the down regulation of Na+/K+-ATPase activity through the mineralocorticoid receptor.
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Figure 1. Ouabain sensitive Na+/K+-ATPase activity measured in crude gill homogenates of glass eels given ip implants of coconut oil (CO), cortisol, RU486 or spironolactone after 7d in SW or FW.
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