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The previous studies indicate that neurohypophysial hormones and prolactin are involved in hypo-osmotic regulation in salmonids. Hence, changes in the amounts of mRNAs for neurohypophysial hormones and pituitary hormones were examined in pre-spawning chum salmon (Oncorhynchus keta) during homing migration toward their natal hatchery, to understand molecular bases of freshwater adaptation in salmonids.

Since gonadal maturation accompanied a loss of salinity tolerance in many salmonids, that is, increased plasma Na+ levels and high mortality were observed when homing fish were retained in seawater (SW)(see Saito et al., 2001), we compared two salmon stocks that return short and long rivers to discriminate effects of hypo-osmotic stimulation from influences of sexual maturation.  The former is the Otsuchi River, in which fish need only a day to reach their natal hatchery 4 km upstream to the mouth of river, and the latter is the Ishikari River, in which salmon require 2 to 3 weeks to arrive the natal hatchery.

Chum salmon were sampled at several areas along their homing pathway from the coastal sea to the spawning ground in august at least for three years to eliminate year to year differences under influences of body size, nutritional condition, gonadal maturity and oceanographic conditions.  In addition, we examined effects of hypo-osmotic stimulation by transfer from SW to fresh water (FW).  Maturity of homing fish was estimated by gonadsomatic index, gonadal state, nuptial color and plasma steroid hormone levels.  Salinity tolerance was estimated by plasma Na+ and mortality in SW environment.

The absolute amounts of mRNAs for neurohypophysial hormones, vasotocin and isotocin, and pituitary hormones including gonadotropin subunits and growth hormone (GH)/prolactin (PRL)/somatolactin (SL) were determined by quantitative dot-blot analyses or real-time polymerase chain reaction (PCR) using cDNAs as the standards.  Changes in gene expression were accessed by the variations of mRNA amounts.

Homing fish of Otsuchi stock were fully matured, and showed high plasma Na+ levels and high mortality in the SW environment in the years when the warm current dominated in the coastal sea.  Hypothalamic vasotocin mRNA levels increased in the males, but decreased in the females (Fig. 1).  GH and PRL levels in the pituitary increased when fish entered the river (Fig. 2). The SW-FW transfer experiment in the same year showed that vasotocin mRNA levels markedly increased in the SW-retained control males, whereas the mRNA levels were decreased by SW-transfer in both sexes.  Interestingly, the amount of PRL mRNA was elevated in the SW-retained fish.  In the SW-FW transfer experiment performed in the year when the branch of cold current is dominant, such changes above mentioned were not apparent (see Saito et al., 2001; and Onuma et al., 2003).
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Fig. 1 Changes in the levels of vasotocin GH/PRL/SL mRNAs in homing salmon.

Fig. 2 Changes in the levels of pituitary mRNA in the Otsuchi stock chum salmon during homing migration (*, P<0.05).Comparison of long and short rivers.

Similar tendency, the decrease in the amounts of vasotocin mRNA in females (Hiraoka et al., 1997) and increase in the amount of PRL in both sexes during upstream migration, were also seen in homing fish of Ishikari stock (Fig. 2), although influences of sexual maturation were not apparent probably because of temporal and spatial separation of FW entrance and final maturation in this long river stock.

The present results showed year-to-year differences in the pattern of changes in expression of several hormone genes including those for neurohypophysial hormones and prolactin, probably because of the variation of sea surface temperature (SST) which modulate upstream migration.  High SST, which delay arrival to the natal river after sexual maturation, results in malfunction of hypo-osmotic adaptation.
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