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Introduction

Melatonin, the hormone synthesized by the pineal organ and the retina, has several functions, the main being the control of circadian and seasonal rhythms. This compound has also been described to influence feeding and locomotor rhythms (Pinillos et al., 2001; Zhdanova et al., 2001), as well as glucose homeostasis in fish (Delahunty & Tomlinson, 1984). In addition, in recent years it has been described as a potent antioxidant (Reiter et al., 2000). The aim of this research was to evaluate the effect of melatonin administration on goldfish metabolism and its ability to act as an antioxidant. Furthermore, melatonin effects on goldfish behavioural rhythms, food intake and locomotor activity, were also investigated.

Materials and Methods
The effect of melatonin, administered intraperitoneally (i.p.) (3 mg/kg), on feeding and activity rhythms was evaluated. Melatonin administration was carried out at mid light (ML), mid dark (MD), and after a one hour light pulse at MD and constant light (LL). In addition to these acute tests, chronic administration of melatonin (3 mg/kg) during ten days was also investigated. Administration of vehicle in the same conditions was also carried out to test the influence of fish manipulation.

In order to evaluate the in vivo capacity of melatonin as an antioxidant, goldfish were subjected to oxidative stress caused either directly by hydrogen peroxide (H2O2) baths or indirectly by hypoxia and subsequent reoxygenation. Mortality and lipid peroxidation in fish subjected to oxidative stress were measured. In addition, melatonin effect on glucose metabolism after food intake was investigated: glucose levels were measured in intact fish and after an i.p. injection of melatonin.

Results and Discussion
Melatonin administration caused a decrease on total food intake and activity, whereas vehicle administration did not show any effect on locomotor activity and even increased food intake. In goldfish maintained under LL, food intake was reduced both by vehicle and melatonin, but melatonin administration caused a significantly lower food intake than vehicle. Activity of fish in LL was similar between melatonin and vehicle injected fish. After a light pulse at MD, both melatonin and vehicle showed a decrease in food intake. Surprisingly, whereas melatonin injected fish showed a decrease of activity (-10%), vehicle fish showed a marked increase of locomotor activity (50%). Chronic treatment of melatonin in goldfish also caused an inhibition on total food intake. The first day of chronic treatment occurred a marked inhibition (36%), while the second day feeding inhibition was lower than the first day (18%) and was maintained around this level during the following days of chronic treatment.

These results suggest that melatonin administration has a sedative effect on goldfish inhibiting food intake, as has been previously observed (Pinillos et al., 2001). However, these effects depended on the light regime used. In addition, the effect on feeding and activity seem to be related, and the decrease of food intake caused by melatonin could be explained by the decrease of locomotor activity.

After the oxidative stress treatments, results obtained showed that melatonin only decreased lipid damage in muscle after hypoxia/reoxygenation (16,0 μM lipid peroxides/g tissue vs 33,2 μM/g tissue in the control group). In addition, mortality was not attenuated by melatonin. Furthermore, its effects on glucose metabolism caused an increase of mortality when melatonin was administered before hypoxia period. Since anaerobic glycolysis is the only energy source for goldfish under anoxia, and melatonin had a hypoglycaemic effect, any beneficial melatonin antioxidant effect during hypoxia is counteracted by its interference with glucose metabolism. In conclusion, melatonin had little effect, if any, preventing lipid peroxidation and mortality caused by oxidative stress.
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