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“Physiological studies on internal and external regulation of melatonin production in fish pineal gland”
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The aim of the present study is to clarify involvement of external and internal factors in melatonin production in

the pineal gland of golden rabbitfish Siganus guttatus and Mozambique tilapia Oreochromis mossambius, which
inhabit different aquatic environments. Melatonin production in the cannulated rabbitfishes and tilapias were
measured at 3-h intervals; it fluctuated daily, with a noctumal increase and a diurnal decrease. Exposing the
cannulated fish to several light intensities (1500-0.1 1x) and to natural light (0.3 Ix) suppressed melatonin levels
within 30 min. Under light-dark (LD) cycles, melatonin secretion from the isolated pineal gland of golden
rabbbitfish increased during the dark phase. Melatonin secretion from the pineal gland was suppressed under
continuous light conditions, while culture of the pineal gland under continuous dark conditions seemed to
duplicate melatonin secretion corresponding to the LD cycles in which the fish were acclimated. When cultured
pineal gland was kept under natural light conditioné on the dates of the fuil and the new moon, small amounts of
melatonin were secreted at night. Moreover, exposure of the cultured pineal gland to artificial and natural light
conditions resulted in a decrease of melatonin secretion within 2 h. On the other hand, rhythmic melatonin
synthesis disappeared on pineal gland culture of tilapia under constant dark and light conditions. After
ophthalmectomy, plasma melatonin levels did not vary with LD cycles in tilapia. These results suggest that the
pineal gland of golden rabbitfish possesses strong photic responsiveness with circadian rhythmicity, while that
of tilapia is sensitive to light but lack circadian pacemaker activity. Involvement of cortisol in melatonin
synthesis in the pineal gland of the tilapia was examined. In vitro culture of the pineal gland with cortisol at a
stress level (100 ng/mL), but not at a physiological level (10 ng/mL), resulted in a significant decrease in
melatonin secretion into the culture medium. No change in circulating melatonin was observed when the fish
were reared under stress conditions, although significant increase in circulating cortisol was evident.
Quantitative real-time polymerase-chain reaction (PCR) revealed that glucocoticoid receptor (GR) mRNA is
expressed in the pineal gland and fluctuates daily with increases at 0600, 1800, and 0000 h and a decrease at
1200 h. Neither culturing the pineal gland with cortisol at the stress level nor rearing the fish under stress
condition alters GR mRNA abundance in the pineal gland. Effect of sex steroid hormones on melatonin
production in the cultured pineal gland was also examined. Reverse transcriptase-PCR analyses showed that two
estrogen receptors (ERa and ERB) and two androgen receptors (ARa and ER) are all expressed in this gland.
An increase in the mRNA expression levels of ERp, but not ERa, was observed by addition of estradiol-178
(E2) to the medium at 10”7 M. Incubation of the pinéal gland with E2 and 11-ketotestosterone (11-KT) for 6 h
resulted in elevation of melatonin content in the medium with a dose-dependent manner. It was suggested that
the fish pineal gland is targeted by the steroid hormones and its melatonin synthesis is affected by physiological
conditions of the fish. Relatively high cytochrome P450c17 (CYP 17) mRNA was expressed in the female pineal
gland but not in the male one. It is suggested that the pineal gland secretes steroids in relation to sex specific or
reproductive stage specific events. It is concluded that the fish pineal gland has muiti-roles in the
hypothalamus-pituitary-interrenal/gonadal axes, which plays important roles in stress responses and reproductive

activities.
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