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ABSTRACT

In follicles of the medak&ryzas latipes, forskoliri] FOstimulated production of both estradidl{i] E.0]
and Da[TIB-dihydroxyrl-pregnerid-one Do [TIR-diOHPOduring(T] hr of incubation, while exogenous testo-
sterone stimulated only the former. Effects of actinomycin D, amanitin, cycloheximide and puromycin on the F-
and testosterone-induced steroid production were investigated during/idro culture system for preovulatory
ovarian follicles. When isolated preovulatory follicles were incubated in medium containing actinomycin D,
amanitin, cycloheximide or puromycin combined with F or with testosterone, F- and testosterone-indadd E
(Ma[TIB-diOHP production was inhibited. A similar inhibitory effect was also observed with cyanoketone,
which is a specific inhibitor dfip-hydroxy/’-steroid dehydrogenaéé3-HSDI These results suggest that the
F- and testosterone-induced & da[T1B3-diOHP production in medaka ovarian follicles is probably mediated
by de novo synthesis of mMRNA.
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INTRODUCTION

It has been well established that the meiotic maturation of fish oocytes is under the control of one or more steroid hor-
mones, the maturation-inducing stérficgd Currently, the steroids are believed to be produced by gonadotropin-stimulated
ovarian follicle cells in several teledstostieret al .,[TTT] ; Nagahamd,[TT1[1 However, the mechanism of steroid produc-
tion is not adequately known in teleosts.

Cyclic AMP seems to have a primary role in mediating the effects of gonadotropin on the enhancenhémflo-
dihydroxytl-pregnemni-onéTla, [T1R-diOHPI production in amago salmon granulosaldéllagahamaet al .,[(TTT10] is well
established for the effect of gonadotropin on progesterone production in man@ratland Dufau,ITT]; Kolena and Chan-
ning,[T11J; Marsh[TTTJ; Robinsonet al .,[TTTI0 Forskoli FOJ which increases the intrafollicular level of cAMP, has been
used as a tool to investigate the role of cAMP in the regulation of meiotic maturation in mammaliafi bReyi@ssky, 1110
and of steroid productioriKwon and Schuetz] T17; Tanet al .,[TTT10] The involvement of protein synthesis in this process is
suggested by the fact that cycloheximide inhibits F-induced estfdd@|E;Cproduction. On the other hand, exogenous testo-
sterofé TOstimulates Eproduction in follicles isolated during vitellogengsgakaiet al .,[TTT100 The mechanism of stimula-
tion by exogenous T is not known for the fish follicles.

The objective of the present study was to determine whether or not protein synthesis is involved in F- and T-induced ster-
oid productionin vitro. We have found that protein synthesis and mMRNA synthesis inhibitors inhibit both F- and T-induced
steroid production, and suggest that some steps in the F- and T-induced steroidogenic procesdesgmicegrotein synthe-
sis and transcription of mMRNA.
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MATERIALSAND METHODS

Preparation of isolated preovulatory follicles
Adult medakasOryzas latipesC] were purchased from a fish 1 | T
farmét Koriyama, Nara Prefland kept under reproductive conditions B ranlicle
OO hr light, temperatur€J4T10 Ofor more thafil weeks before use.
From females that had spawned every day, ovaries were rermiovied
and ] hr before ovulation, which occurred about one hr before the on-
set of light, and placed into a saline solllibnmamatsu[TTTI] Large
preovulatory follicles were isolated by dissecting the ovaries with
watchmaker forceps then transferred into fresh culture migdium
Earle’s mediumIT], Dainippon-seiyaku, Osakesupplemented with] s r_. . =
pgiml penicillin G-KI Meiji-seikad and 1] pglml streptomycin sulfate P ta - [M
0 Meiji- seikal
Denuded follicles containing oocytes covered with granulosa cells
alone without the thecal cell layer and basement membrane were pre-
pared, as described elsewhdwamatsu, TTT1[]
Incubation of follicles

on

17a,20p—DIOHP (ng/ml)

Isolated follicles were eventually apportioned into the wells of a

culture plaféCell Wells; Corning Glass Worksand placed in an incu- it 7
B £
batorl[J0 O In each wellJ,[J and O individual follicles were incu- -l— ; r
% i

0

Estradiol—17p (ng/ml)

SRR

bated ifd ml of medium. L4

C
To test the ability of forskolinF : Calbiochem-Behringto induce Incubation time (hr}

oocyte maturation, large preovulatory follicles were preincubated in me- Fig.0 Effect of forskolid Fl on estradiolIp and

dium containing the drug for a given time, then incubated furthérfer [(Da[Op-dihydroxy- O -pregnen- O -one

[ hr in fresh plain medium. The effects of testostétoneSigmd] [ Oa1IB-diOHPOproduction by preovulatory

a-cyandd, O, (a-trimethyl-androsi-entB-ol4]-ongé CK, cyano- medaka follicles. Ten follicles were incubated

ketone ; Sterling Winthrdd actionomycin [DSigmd] amanitin inDJ mi of medium with or withoutFD) MH

. L. . ] The shaded columns and the blank columns
0 Sigmd] cycloheximide Sigmdl and puromydihSigma] on the F- indicate the values measured in follicle homo-

induced production of EandTla[TIB-diOHP were examined mixing genates and the values in media, respectively.
each reagent in culture medium in which follicles were incubatedfor The vertical bars represent the meanSEM
hr of the four replicates. C: contol group incu-

bated in plain medium farl] hr. ND: non-

Stock solutions of FfmMO, T pgimlidand CRIT] pugimlO detectalil=0T] p/mil

dissolved in ethanol were used by adding them to the incubation me-
dium to give a final ethanol concentration of less thdn .
Examination of oocyte maturation

At the end of incubation, oocytes were examined for germinal ves-
icle breakdowuhGVBDand for their ability to develop upon fertilization after ovulation or artificial removal of their follicle
layers with fine forcepdwamatsuet al .,[TTT10]
Radioimmunoassay of steroids

Following incubation, media were collected and storedl@fll] until radioimmunoassay forlcEKagawaet al .,[(TTT1[0]
and(Ca[TIR-diOHP Young et al .,[(T1TT10 Four replicate incubations were performed for each experimental and control
group.
Preparation of data

All data were presented as meanSEM. The significance of group differences was determined by Studets.

RESULTS

Effect of FK on B, and 17,208 -diOHP production by ovarian follicles
As reported previouSlylwamatsuet al .,[(TT11[] F of submaximal concentratiohgl or[(1] pMOstimulated both Eand
[(MaTIB-diOHP production by fully grownpreovulatory] follicleBILTIImIC just before stimulation by gonadotropin would
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have occurredn vival[T] hr before ovulationl E; production began hr after exposure toll uM F, and production of
[(MalTIBR-diOHP began betweénl hr andT] hi Fig.dJC0 Control folliclds[TIImIOthat were incubated in plain medium far
hr, produced a small quantity offEabout] ngiml in follicles: aboutlT nglml in mediuni] but ndJa[T1R-diOHP, as re-
ported by lwamatset al O[TTT]0and Sakaét al OTTT10
The capacity of follicleklImIdto produce EandTa[TIB-diOHP in the presence UM F was examined in two
groups of isolated fully grown follicles &f] hr andT] hr before ovulation. When follicles were isolaféd hr before ovulation
and incubated either for the fifsil hr onlyi fromT] hr to[T] hr before ovulatioflor for firsttT] Hrl from[1] hr to one hr before
ovulatiordin the continuous presence of F, abdlb nglml or about] ngIml of E; was produced respectively. In the folli-
cles that were isolated and incubated far hr beginning] HiT] hr before ovulationl before germinal vesicle breakdown
0 GvBDUof the oocyte, production of-&vas no longer stimulated by Fig.CJ0 In this follicle group, which was isolated after
in vivo stimulation by gonadotropimelease betweéh hr andT] hr after onset of light: lwamats,IT1] the capacity to pro-
ducda[TIB-diOHP was already presence irrespective of the F-effect. However, follicles isolated from bMahiesefore
ovulation were unable to produdga[TIB-diOHP when incubated in plain medium. When these follicles were exposed to F
for only the firstT] hr or for the firstT] Hrl from1] hr to one hr before ovulatidn they produced aboUtlll nglml or aboufl[]
ngl ml of(a[TIB-diOHP, respectively.
Effects of inhibition of MRNA and protein synthesis on forskolin-induced 172,208 -diOHP and E, production
Fully grown follicldsTIImI,[T1 hr before ovulatiofilwere incubated in media containing cycloheximidé pgl miC] puro-
mycin O, O and T pgdmi actinomycin DO, O and 1] pgdmlidor amanitia(1] pgdmi] added taéT] uM F. As shown
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Fig.0 Effect of forskolin on estradid@F and Fig.0 Effects of cycloheximide, amanitin, puromycin
[MoafTB-dihydroxy- O -pregnen- 0 -one and actinomycin D on forskolin-induced estradiol-
OMa[TIB-diOHPOproduction by preovulatory (0B and (a1 B-dihydroxyf] -pregneri-l -one
follicles isolated ] hr orl] hr before ovula- OMa,MBR-diOHPOproduction. Twenty preovula-
tion. Preovulatory follicles]ImIOisolated ] tory follicles were incubated i ml of medium
hr or1J hr before ovulation were incubated containing forskolihF: [T puMO combined with
withl striped columnd or withodt blank col- O O Oeach inhibitor fofT1 hr. Cyx, cycloheximide
umng] forskolil(] uMO until presumptive ; Amn, amanitin ; Pur, puromycin ; AcD, actino-
ovulation time. ND: non-detectaBlel[T] pg] mycin D.
mid
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in Fig.d, although F alone stimulated follicle cells to produce E
& 0 aboutdM pgl miO0 anda[TIR-diOHP about 1M pgimid] the F-
induced E and[Mla[TIR-diOHP production was significantly sup-
presseétPO0IMOby actinomycin@D O and T pugl mi0} amanitin 1]
pgImid puromycin O andXd pgdmlO and cycloheximidel pgl
mi The inhibitory effect of puromycin was dose-dependent.
Inhibitory effects of inhibitors of mRNA and protein synthesis on
testosterone-induced E; production

Testosteronel, [TT] nglmlO stimulated E production by whole
follicles and denuded fully grown follicles without the thecal layer
and basement membiar@, marked in column of Figll T-induced
E; production by fully grown follicle§J0ml,[1J hr before ovulatiofl
was inhibited by inhibitors of both mRNAC pugiml, actinomycin
D3 and proteimlX] pgiml puromycin andJ pgIml cyclohex-
imide[} synthedisFig.001
Effects of cyanoketone and testosterone on forskolin-induced E; and

Estradiol—17p (ng/ml)
L

B?éair?a

+AcD +Cyx +Pur

I

Fig.O

Effects of actinomycin D, cycloheximide and puro-
mycin on testosterone-induced estradiop produc-
tion. Five preovulatory follicles except for G group

172,208 -diOHP production
To ascertain the action site of F in production efalad Do [T13-
diOHP, the effects of TTT] nglmliJOand CK O pgimi a specific

were incubated fail hr in0 ml of medium contain-
ing testosterdie] ngImlO with! O O or withoud —,
blank column& actinomycin D AcD[ cyclohex-
imidel CyxO or puromycin Puril  The “G” column
indicates folliclésthe granulosa cell layer alone sur-
rounding the oocytéwithout the thecal cell layer and

inhibitor of the enzymélp-hydroxy/’ steroid dehydrogena&e-
Production &fla[TIB-diOHP by F-
stimulated preovulatory follicléSllml,[TJ hr before ovulationl was
completely inhibited in the presence of CK, but it was not affected by
exogenous testosterone. On the contrarypi®duction was stimu-
the basement membrane. C: preovulatory follicles of 15404 by exogenous T as a precursor, while it was only partially inhib-
control group incubated in plain medium. . . . .
ited by CK Fig.0O T and F synergistically promoted Broduction.
The F-induced Eand TDa[T1B-diOHP production was abrogated in the presence of CK. Incubated intrafollicular oocytes ma-
tured only in culture media containing F alone, which stimulated productidieifl13-diOHP by the follicles. Consequently,
the action site of F in production of Beems to mediate the actiori ff-HSD.
Effect of cyanoketone on progesteroneinduced E; and [T a[T1B-diOHP production
The effect of CK on production of-Eand TJa[T13-diOHP in follicular cells by addition of progestef6hE4+T1] ngImlC
was examined in fully grown follicles. In the presence oflCKuglmil] the progesterone-induced production of bottaid
[Ma[TIB-diOHP was not inhibitedrig.00 this was significantly highéPOOMTOthan that in the absence of CK by mecha-
nism unknown at present. Incubated intrafolliclular oocytes matured in culture media contaidipg’ml of progesterone,
which induced production @fla[TI3-diOHP by the follicles.

HSDO were examined.

DISCUSSION

The present study found that F-induced productionscdriel Tla [T13-diOHP by preovulatory medaka follicles was inhib-
ited in the presence of inhibitors of protein synthesis such as cycloheximide and puromycin. This suggests that in the medaka,
production of Eand a[TIR-diOHP by preovulatory follicles in response to F-stimulation invols#esiovo synthesis of pro-
teifl s[] as presumptively summarized by a diagréig.[0C1 The F-induced development of cell organs such as rough endo-
plasmic reticulum and Golgi compldxdwamatsu and OhtaJTT10 may also indicate active synthesis of proteins. Since
cAMP-induced E andla[TIB-diOHP producti@hour unpublished dafaas well as stimulation of cAMP production by F
O lwamatsuet al .,[TTT]; Takahashgt al .,[TTT]Oare inhibited by cycloheximide, most of the effects of F may reflect those of
cAMP, which induces steroid production dependent on new synthesis of [prsifeiThe increase in intracellular cAMP in-
duced by salmon GTH or hCG results in elevatiofilof-HSD activity tolJa[TIB-diOHE NagahamdITTI(0 Similarly, it
has been reported thaia-hydroxy-progesterone ahda[TI3-diOHP production induced by F and dbcAMP in amago salmon
ovarian folliclé$ Nagahamat al .,[(TTT100and E production by goldfish ovarian follicié§anet al .,[TTT10in response to go-
nadotropin are blocked by cyclohexirhiddéagahameet al ., (TT1]; Senthilkumararet al ., [(TTT100 F induced both £and
[(MalTIBR-diOHP production, but only its effect on production of these steroids is abolished of MRNA synthesis. This suggests
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Fig.0 Effects of cyanoketone and testosterone on forskolin-  Fig.0 Effect of cyanoketone on progesterone-induced produc-

induced production of estradid3f and (DalJp- tion of estradiollJB and [(Ma, [IR-dihydroxykl-
dihydroxytl-pregneni-one. Preovulatory follicles were pregnerid-one. Preovulatory follic[é&I mlOincubated
incubated in media containing cyanokdfb@& [l com- in media containing cyanoketon@KO combined with
binated with testosterah&(] in addition to forskolin progesteroneP ;[T andI1] ngImiOfor1J hr. Num-
O FO Numbers at the top of the columns indicate the bers at the top of the columns indicate the percentage of
percentage of oocyte maturation at the end of incuba- oocyte maturation at the end of incubation.

tion.

that both mRNA synthesis and protein synthesis are involved in the F-induced synthési§ Df3-diOHP. This agrees with
the suggestion that gonadotropin acts on granulosa cells to enhardgerihv® synthesis dfl1B-HSD by a mechanism involv-
ing RNA synthesisNagahamat al .,[TTT100 Thus, F appears to exert its effects@lu[TIB-diOHP production at the level of
gene transcription for thélB-HSD protein.

According to previous studieSakaiet al .,[TT17; lwamatsuet al .,[TTT1(] ovarian follicles of the medaka isolated during
vitellogenesis are capable of producing i& response to gonadotrapi@THL as the follicle increases in sizell B-HSD
mRNA levels in pre-vitellogenic or early vitellogenic follicles were elevated after incubation with LHaaredlcAMP agonist
in rainbow trolt Younget al .,[TTT1(] and aromatase mRNA levels increased in brown trout early vitellogenic follicles in re-
sponse to FShh vitr@ Montserratet al .,[TTTI[] But the ability of follicle to produce Fupon GTH stimulation ceases during
a critical period at the end of vitellogengdietweeiil] and 1] hr before ovulatiol The present data also reveal the poor abil-
ity of post-vitellogenic follicles to produce;iih response to F. Our previous reports suggested that the inductierpodditic-
tioll probably aromatase activifiis stimulated with increase in the intrafollicular cAMP Bylwamatsuet al .,[TTT]0and a se-
rum factar Iwamatsuet al .,[TT1100

As shown in the present data, fh@-HSD inhibitor CK abrogates the stimulatory effect of Flaio[TIB-diOHP and E
production by preovulatory medaka follicles. This result agrees with the repadrt fRBISD is essential for stimulation by F of
B production in goldfish ovarian follicléeganet al .,[TTT100 CK also inhibitsin vitro maturation of intrafollicular medaka oo-
cytes induced by GTH stimulatibiwamatsu and Onitake,TT1(1 Thus, F seems to stimulate &d Tla[TIB-diOHP produc-
tion via conversion of pregnenolone to progesterone.

In the medaka, aromatase activity, assessed indirectly by the conversion of exogenous testosteroreaaded during
vitellogenesis with the maximal activity in folliclegl hr before spawningSakaiet al .,[TTT10] This coincides with the present
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avel o data in follicles[T] hr before ovulatibhabout(T] hr before
Preg o e spawning! The maximal ability to producesEn preovulatory
: ‘*3’3'“5'}7}"’"““"5_“”“ follicles synchronizes with that stimulated by exogenous testos-
\Ek 20p-HSD \ terori@ TO On the other hand, exogenous T stimulateg®-
Prog — — 17a,20p—DiOHP .\\ GTH duction but did not stimulatéJa[TIB-diOHP and was only par-
cAMP-==AC tially affected by CK. The stimulation of T to produce ®as
* | inhibited by inhibitors of mMRNA and protein synthesis. These
T T | suggest that exogenous T stimulategpEduction not only as a
}_,_mmtaﬂ_‘%mﬁm._%_um.‘_] precursor of B Nagahamat al .,[TTT]; Tanakaet al .,[TTTJ; Fu-
purs D kadaet al .,[TTTJ] but alsovia new production of proteingpre-
E, i ey sumably aromatase or its regulatory profélny inducing mRNA

Fig.O Hypothetical pathways of steroids in the ovarian follicle of synthesis, as illustrated in Fig. Recently, the data of Luo and

the medaka. The production of CAMP is enhanced by go-
nadotropii GTHO and forskolifi FK[] and then estradiol- ~MRNA for follicle-stimulating hormone receptor and CYFA

O/ &0 and [ a,[0 B-dihydroxy4 -pregnent! -one [(1J aromatasé@were increased by exogenous T and dihydrotes-
OMa[TIB-diOHPO are producedia de novo protein syn-

thesis. This pathway is suppressed by cyanokeiOKel

However, CK does fail to suppress production ofdh-
hanced by exogenous testosterone. decreadésSakaiet al ., [ITTI0] The reduced production of;E

may be in part due to decreased aromatase activity. This unlike
to be, at least, due to the decrease in the production of endogenous androgen such as testosterone, firecacseritis not
improved by addition of testosterone in culture medi@akaiet al .,[TTT100 The mechanisms by which, Broduction in the
medaka post-vitellogenic follicles becomes low are still unknown. In the present experiments, F- and T-stimybadellé&
tion was inhibited by inhibitors of protein synthesis, suggesting that F- or T-stimulatexbéuction is mediated by new pro-
duction of protein. Thus, the sharp decreasesiprieduction may be due to inhibition of the newly produced mRNAlamnd

WiltbanK[1TTI0 on bovine granulosa cells have revealed that

tosterone.
In post-vitellogenic medaka follicles; Broduction sharply

proteins at the critical post-vitellogenic phase, rather by an inactivation of aromatase.
On the other han@Ja[TIB-diOHP production after the critical post-vitellogenic phase depends on new synthesis of pro-
teinvia mRNA transcription. A shift from production ofBo that of Do [TIB-diOHP takes place in the medaka follicle during
the critical period of post-vitellogenesis. This may be due to not only to stimulation of synthesis of proteinsSugHSD
via synthesis of MRNA but also to the decline of synthesislandctivity of aromatase due to the degeneration of follicle cells.
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