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The effects of a combination of nonylphenol and estradiol on the gonadal sex differentiation of
male amago salmon
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Various environmental endocrine disrupters, as well as natural estrogen derived from humans and animals, are widely
distributed in nature. Researchers have yet to determine, however, whether these substances influence gonadal sex
differentiation independently or whether there are any effects that occur only when two or more substances are present
in the ambient environment. Here we report the effects of a combination of nonylphenol and estrogen on gonadal sex
differentiation in male amago salmon. We immersed alevins immediately after they were hatched in water containing
only nonylphenol (concentration for the experimental groups was 10, 20, 50 or 100 pg/L) for about a month. We
immersed other experimental groups of fish in water containing both NP (10, 20, 50 or 100 pg/L) and E2 (10 ng/L). We
histologically examined gonads of fish at about 2 and 7 months after the end of treatment. Although the testicular
differentiation of fish was not affected by NP at concentrations of 10 and 20 pg/L, a few fish treated with NP at 10 and
20 pg/L together with E2 had testes with some auxocytes and developed ovaries. A single treatment of E2 alone at 10
ng/L did not affect testicular differentiation. When high concentrations of both NP and E2 were present, a high
percentage of males became females. All fish in the control group had normally developed testes. These data shows that

NP can affect testis differentiation at least additively in combination with E2.



