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Elasmobranch fish utilize nitrogenous waste products as osmolytes to maintain osmotic balance. Urea is the predominant osmolyte and is synthesized via the ornithine urea cycle (OUC) enzymes and glutamine synthetase (GSase), as glutamine is the required as the substrate for nitrogen donation to the OUC. Despite reabsorption of urea from the kidney tubules (e.g. Morgan et al. 2003) and a gill epithelium (e.g. Pärt et al. 1998, Fines et al. 2001) that is relatively impermeable to urea, urea is lost to the environment and must be replaced. Since synthesis of urea via the OUC is energetically expensive (Anderson 2001) and dogfish may feed only at irregular intervals, we hypothesised that dogfish would have an acid-base disturbance associated with feeding, as well as a strong N-conservation system and an effective N-conversion system from amino acids to urea. This study investigated the effect of feeding, and thus elevated nitrogen status in Pacific spiny dogfish (Squalus acanthias), food-deprived for 1 week. 

Adult dogfish (about 2,000 g) were collected by trawl netting and were held in a 75,000 L circular tank at Bamfield Marine Station, and then were fed twice weekly with flatfish and herring. Both natural feeding and experimental feeding by stomach tube were investigated. In the natural feeding, sharks were transported to a small tank (36 L) an hour after feeding with whole dead flatfish and herring in the circular tank. In the experimental feeding, sharks were collected from the circular tank, anaesthetised, and surgical implantation of a stomach cannula, and a caudal arterial blood catheter were performed.  Experimental food consisted of equal weights of minced flat fish and saline, infused via the implanted stomach tube. 
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Figure 1. The effect of natural feeding on urea and ammonia excretion in S. acanthias over 48 hours following a feeding event.  Data are presented as means ± SEM. (starved N = 12; fed N = 8)
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Figure 2. CPSase III activities in the liver and muscle of S. acanthias after a natural feeding.  Data are presented as means ± SEM. (N = 3-12)

A marked disturbance of blood acid-base status (“alkaline tide”) and a small rise in plasma ammonia followed experimental feeding. In both treatments, only minor increases in ammonia excretion and no change in urea excretion occurred, indicating strong N-retention after feeding (Fig. 1). 

Experiments were performed to determine enzyme activities related to nitrogen and fat metabolism in liver and extrahepatic tissues. This study shows that carbamoyl phosphate synthetase III (the rate-limiting enzyme of OUC) activity in the muscle is higher compared to the liver and that the activities increase after feeding (Fig. 2). The contribution of muscle to urea synthesis in the fish body appears to be much larger than that of liver when body mass is considered. Furthermore, enhanced activities of nitrogen scavenging enzymes (e.g. GSase), arginase and enzymes of fat metabolism (e.g. B-hydroxybutyrate dehydrogenase) were seen after feeding in both liver and extrahepatic tissues. These changes were accompanied by a marked, persistent decline in plasma B-hydroxybutyrate and small delayed increases in plasma urea, osmolality and trimethylamine oxide. Urea excretion was unchanged, but ammonia excretion was raised in fed fish. In conclusion, we suggest that N-conservation is a high priority in this elasmobranch, and that feeding promotes ureogenesis and growth. Furthermore exogenous nitrogen from food is converted into urea not only by the liver but by the whole body, while calories are directed into fat metabolism.  
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