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Abstract

The effect of gonadotropins, forskolin and IGF-I on steroidogenic enzyme gene expression and E2 production
by the rainbow trout follicle were measured. The results indicate that 3β-HSD gene expression is regulated by
gonadotropins partially through the cAMP/PKA mechanism. The effect of IGF-I on P450arom mRNA levels
suggests that IGF-I is a major regulator of P450arom gene expression.

Introduction

Pituitary gonadotropins (GTHs) are major regulators
of oogenesis through their stimulation of sex steroid
synthesis by ovarian follicles. In teleosts, GTHs stim-
ulate production of estradiol-17β (E2) which induces
oocyte growth through its control of vitellogenin syn-
thesis in the liver during vitellogenesis. In salmonids,
it is known that follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) both stimulate steroid
production by ovarian follicles. The cAMP/ protein
kinase A (PKA) pathway partially mediates the ac-
tions of FSH and LH on ovarian steroidogenesis in
brook trout follicles (Planas et al. 1997). Insulin-
like growth factor I (IGF-I) has also been implicated
in regulating ovarian steroid production in mammals
and other vertebrates including fish (Maestro et al.
1997; Behl and Pandey 1999; Kagawa et al. 2003).
However, the precise mechanisms by which these hor-
mones regulate steroidogenesis, especially regulation
of steroidogenic enzyme genes remains unclear. The
aim of this study was to determine the effects of
FSH, LH and IGF-I on expression of steroidogenic en-
zyme genes and steroid production in ovarian follicles
of rainbow trout. We measured mRNAs encoding
P450 aromatase (P450arom), 3β-hydroxysteroid de-
hydrogenase (3β-HSD) and P450 side-chain cleavage
enzyme (P450scc), and E2 production by ovarian
follicles in vitro.

Materials and methods

Two-year-old female rainbow trout (Wanaka Trout
Hatchery, New Zealand) were obtained from breeding
stock held in flow-through fresh water under ambient
conditions. Pre-vitellogenic follicles or early or late
vitellogenic follicles were used for incubations. At
each stage, follicles from three females were isolated
from ovarian connective tissue and then incubated for
18 h in the rainbow trout ringer in the presence or
absence of forskolin (10 µM), salmon FSH, LH or
human IGF-I (all at 100 ng/ml). E2 levels in incub-
ation media were measured by RIA. Following total
RNA extraction, samples were subjected to Northern
blot. Hybridization signals were normalized to those
of 18S.

Results

E2 production by follicles at all stages was stimulated
by forskolin. FSH and LH stimulated E2 production
by vitellogenic follicles. FSH stimulated a signific-
ant increase in P450arom mRNA, but only in early
vitellogenic follicles. By contrast, IGF-I consistently
stimulated 3–7 fold increases in P450arom mRNA in
follicles at all stages. 3β-HSD mRNA levels were
increased significantly in early vitellogenic follicles
incubated with forskolin or with FSH or LH. P450scc
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mRNA levels were not consistently affected by any
treatment.

Discussion

GTHs and forskolin stimulated E2 production in rain-
bow trout follicles, as reported previously. The stim-
ulatory effects of GTHs and forskolin on 3β-HSD
mRNA levels indicate that gonadotropins regulate 3β-
HSD gene expression, partly through a cAMP/PKA
mechanism. FSH also appears to regulate transcription
of the P450arom gene. The consistent stimulatory ef-
fects of IGF-I on P450arom mRNA levels suggest that
IGF-I has a role in regulating E2 synthesis.
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