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Effects of Bisphenol A and Nonylphenol on In Vitro Steroid Production in
Matured Oocyte of Greenlings, Hexagrammos agrammus
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ABSTRACT : Endocrine disrupting chemiclas (EDCs) such as bisphenol A (BPA) and nonylphenol (NP) have estrogenic
activity and can alter reproduction in fish. In the present study, the effects of BPA and NP on in vitro steroid production
from oocytes of maturation stage (oocyte diameter=1.88 mm) from the greenling (Hexagrammos agrammus) were evaluated.
Oocytes were incubated with different concentrations of BPA and NP (0.1, 1, 10, 100 and 1,000 ng/ml) in the presence or
absence of 50 IU human chorionic gonadotropin (HCG) for 48 hours. After incubation, levels of 17 @,20 £ -dihydroxy-
4-pregnen-3-one (17 20 8 OHP), estradiol-17 8 (E;) and testosterone (T) from incubated media were quantified by radio-
immunoassay (RIA). In BPA treatment, 100 ng/m{ of BPA stimulated E, production regardless HCG supplement. Every
concentration of BPA inhibited T production without HCG although 0.1 ng/m{ of BPA stimulated T production with HCG.
In NP treatment, 10 ng/m{ of NP stimulated 17 20 8OHP and T production without HCG. 1 ng/m¢ of NP inhibited E
production. Taken toghther, these results suggest that BPA might have weak estrogen-agonistic effect and NP has estrogen-
antagonistic effect at final oocyte maturation stage of H. agrammus.

Key words : Bisphenol A, Greenling, Nonylphenol, Oocyte maturation, Steroid, 17 «,20 8 -dihydroxy-4-pregnen-3-one,
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2 o B Ao sjite]E o]&-3}o] bisphenol A(BPA)S} nonylphenol(NP)o] FEA|E A< spol] oj® JakS
v X & X] 7‘/\}0}7] A8 AedAol Jd= =2 v](Hexagrammos agrammus) FEAE(H7E 2F 1.88 m)E A LS in vitro

oA BPASH NP Aol 3 dRA|E9 HrH2ol= PN FEE ZAIG L GEAZo] BPAY NPE FE=7H(0.1,
1, 10, 100, 1,000 ng/mé)Z % 7}s}aL, 50 1U2] human chorionic gonadotropin(HCG)E & =7% BPA =+ NP2} &4 X7}
SIAY 1A @al 48417t Fob wikstdth ik 3wk We] 17 @,20 B -dihydroxy-4-pregnen-3-one(17 @ 20 3 OHP),
estradiol-17 8 (Ez) L¥] 1L testosterone(T)S] =& WAIA ISR RIA)S 531 FZF3HATh BPA 2] ol A= 100 ng/md
o] FETAM HCG A2] 5ol 4#glo] E; A4do] FRH ATk HCG A2]3lol A 0.1 ng/mte] =l T AL =3
HAo U, HCGE AgdtA] &2 AP+ B #5704 T A4S A=Atk NP ﬂﬁl?"ﬂ/‘it HCGE A 2latA] &
& A8L9) 10 ng/mle] FETONA 17220 SOHPS} T AAo] A5, 1 ng/mle] FETNANE E, AAo] A= 2ch
olate]l Ax= Egald, wgn|o] ALdAY WRAENA BPAE 23} estrogen-agonistic &3S, NP+ estrogen-
antagonistic £7& XY= Ao Z AR HT.
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ZEH R0l s 2&d| o3 2HEH, HalrAe A
=% 2 ¥ (gonadotropin)o] I wi7jA &S s 9k ¢
2ol o] A5 A|Fste ¢ A 7)(vitellogenesis)
ol estradiol-17 3 (Ex)7} & 2HZo|=g Zgatn,
F=52o] T59 AFHH viTA7174A= progesterone®]
FEAQ 17 @, 20 B-dihydroxy-4-pregnen-3-one(17 @ 20 3
OHP)Y} 17,20 3,21-trihydroxy-4-pregnen-3-one(17 @ 20 5 21P)
ol T2 A 2ERE|E 32E 0 U4HA Ut Nagahama
et al., 1994; Goetz et al., 1987). 53] wj& o dal £ 53
(germinal vesicle breakdown, GVBD)E ¥3sl= dd 9
HEA<% 742 20 5-hydroxy groupS 7HA AL Qe ZEHZ
o= o3 f=Hrha ¢l ATHYoshizaki et al., 2001;
Patino et al., 2003).

FHole &AW 9 o] ofF] A vA =
el s Haear glom, 53] yirlA ZoE2e ¢
S A weko] o3k A4 E wolx 3 It (Mazzoldi & Ra-
sotto, 2001; Baek et al., 2004; Mochida et al., 2004). W&
v A Ao &2 = Bisphenol ABPA)E Zet~g e A&, F
I8 ASZE AREHE BHolH X#E JsEFoE §
H Ao BuE I ItHBrotons et al., 1995; Olea et al.,
1996). BPA7} ol 7¢] Ao mlX& JFORE WS F
A7)0 0l A vitellogenin 9443 fr&, T3 Joio HAI £
A debA rehal A (vitellogenin) £1) 5, A4S AedR
A EAA Y] o 2EZAF ZEAAE 0 R A A, 1E
1 FAR S sttt Fala-o] Aa]| Fo] JItHChristiansen et
al., 1998; Smeets et al., 1999; Na et al., 2000; Baek et al.,
2004).

Nonylphenol(NP)& Z2t28 AlF, 2FA 3UE& Al
Ao AEE 2~0]E nonylphenol ethoxylates®] Ha]j A
Y Zo|th(Metcalfe et al., 2001). o] &l thak NP 9k
AuEH g4 2HEo|E T2E, vitellogeninyg et
1A (zona radiata protein) =2 571 FF o Fol A<

E
=

[e]

&

LR

g4 (ovotestis) o} 2 A2 4 o]} A/ w524
34 A3 S(Arukwe et al., 1998; Kinnberg et al.,
2000; Van Den Belt et al., 2002; Weber et al., 2003)2. 2,
NP7} | 2EZ AT FARGE 2445 8l ol AEZA] =84
(estrogen receptor; ER)l 23 Agsto] o] 7o) AAWEH]
Al ZelE& 4oz 4 e Basta gtk

BPASH NPE HIZ G Wiu] ek E4o] o]Fo] A4

ox L e o 1o oxt

ofl

SEE PRER R

(Tokumoto et al., 2004; Baek et al., 2007; Hwang et al.,
2008). ¥ 7= BPASH NP7} Aobg a4 059 gjn] 9]
GEAE ds7)d 83 9T gk A 2HROE 32
= AR M FFS ot 7] A A=A 6
Bahe GEAZE in vitro oA NP9} BPAY] 217t =&
A A By T 1831 17220 SOHPY] A FE9) Wals 2A}
3t

Aol g
goje 7|2 FH5 e 11~1290) F
oA A A5 YRS oz stginh APol= 05
mé/ £ &) 2-phenoxyethanol 2 PFHAIA A HEet & T4t
glol A A4S HH3} ice-cold balanced salt solution
(132.96 mM NaCl, 3.09 mM KCI, 0.28 mM MgSO; -
7H,0, 0.98 mM MgClI, - 6H,O, 3.40 mM CaCl; - 6H,0,
3.65 MM HEPES) .2 A| &3ttt AHE dae 7= Al
£ ol 8dt] HAERE A7 dRAXRE Fsiditt &
H dEAEE JHEA 3R] (Image-Pro, Media Cybernetics,
USA)E ol&3te] W7 34 & W73 oF 1.88 mell 3 3she=
< il ARSI el dE
Al 3= 24-well plateo] welld Leibovitz L-15(L-15) B <4
(Gibco, USA) 1 mlell 20719 GRAEE 77 £53 §
12°C ol Al 484171 vl sttt Balanced salt solutionz} L-15
Hj A o] pHE 7.9, AHFAF =+ 360 milliosmol 2 =43}
%tk BPASL NP7} WAo] A 2B 2ol= S 2E XA n|
A5 JES 2A1E7] Yal, BPA2H NP(Aldrich Chemical,
Milwaukee, W1, USA)E HjFx7]9] GEA X F=1(0.1,
1, 10, 100, 1,000 ng/ml)Z H7}3FATE NP9} BPA ]9 U]
21 Fof o] Uit dRA XY 45 F= 95 Fo)7]
218} human chorionic gonadotropin(HCG, Sigma Chemi-
cals, USA) 50 IUE #71st A3s A5
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OHPY] Tx& WAMHSSHH(RIA, radioimmunoassay) -
2 $H3g 20| S5 wj o] EFErl(ethy-
lacetate : cyclohexane = 50 : 50)& 37}sto] &3 ¥ 5~10
w1 —70CAM 35 ZHAES 459 771875 (free
steroids)¥H& AlE#e] 4 AAEE7IE AHAARAZ L
o, 9o FEHHEE 23] vESIIY. 449 FEES 1w
9] 0.1% gel-PBS =& (pH=7.5)o A&af=o] A zst
w742 —20Cell EAE

RIA] &3t ~H ZolE 528 =42 Kobayashi et al.
(1988)9] WS At SAsIA AR AH-E A
+ 5% Cosmo-Bio Co. Ltd.(Tokyo, Japan)Z58 ATt
Standard 3252 Steraloids Inc.(Wilton, NH, USA)<}
Sigma Chemical(St. Louis, USA)Z 58] T35ttt L3k W
AEAE [2,4,6,7-H]-E29} [2,4,6,7-H]- TS Amersham Life
Science (England) 258 +95t9 3, HAIEAE 17 2208
OHP= Scott et al.(1983)2] Hhol] 2314 [1,2,6,7°H]- 17 a
—hydroxyprogesterones A7=4& G474 HgoE I
= 28, AAS AS A

E,, T Z22]31 17 @20 SOHP RIAA 0] loiM A& AEH
2 747} 125 pg/ml, 10 pg/ml, 10 pg/mlo]RA3L, assay i
(intra-assay)$} assay 7H(inter-assay) W& A155 50% “ti
Aggol A A A3}, E; RIAAYIAME 3.4(n=3)%} 11.5%
(n=6), T RIAAIIAE 2.3(n=3)¢} 12.5%(n=6), 17 @203
OHP RIAAIIME 3.2(n=4)%} 9.5%(n=8) ]t}

3. SAEA

7R whE AP T SHE 2HEE YHFEE B
T TR F AR UYBiglen, 95% Aol one
way ANOVA 2 Tukey testS 3] thz79 g7+
A o35 AA8HATHp<0.05).

4 3

1. BPAZ} A7) dRAES] 2HZo|= Ao H|2]&=
43
wfn| o] o o ¢ oF 1.88 mnol] S FEhs =
& A A7l g GEAEE, o] FEFS
A

S

jus)

N 4
2 oF Fol3 AEA ol B& 77} B B0 Bl

Aol #ZAHTH(Fig. 1).
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Fig. 1. Morphology of oocytes from Hexagrammos agrammus
(Oocyte diameter=1.88 mm). Oocytes of final oocyte
maturation stage showing migrated germinal vesicles
(GV) and numerous oil droplets (Od). Scale bars indicate
1,000 #m. GV, germinal vesicle; Od, oil droplet.

BPAE =#jr|9] 4% dRAZNA HCG A 3o
F#glo] 17 220 BOHPY] Aol F8lg FFS v A] o
9FTHFig. 2). 12u BPA 100 ng/ml FE2 2|8 287
A E, %5(0.750+0.001 ng/ml)7} tZ7+0.340+0.047 ng/
ml)ell B8} Z7+8tAtHp<0.05). HCGS 3H7) A2 gk 74-$-o)
T H3 FEToIAM thz7(0.389+0.018 ng/mi)ol HIFH E,
AL Z7FA 7 8H0.609£0.014 ng/ml, p<0.05).

BPAZ} T Aol W= Wsls AWEH, BPAE E&
FETOAM T AAo] th27(0.35620.012 ng/ml)oll wls 7+
23} ¥ (p<0.05), HCGS} 3 A 2lgt 299l 0.1 ng/ml
Aol A T A4S thZ7(0.099+0.001 ng/ml)ol| Blsh
SJ3}A %7427 tH0.300+0.026 ng/ml, p<0.05).

2. NP7} Ad<s7] HRAES] 2 Eo|= A4 m|A|=
A3k

HCG F-A4 2714 NP 10 ng/ml A2]A] 17 220 S OHP ek
o] 74 =& $7(1.767+0.593 ng/ml)S VFERAITE A,
B2 A2 2T HT A0, HCG A2 tix+
Ho} =& ghs Hod ke s yepdth 3 HCG ¥
Aol A1 NP 10 ng/mee] s== T2 A4S tl27(0.099+
0.002 ng/me)ell Hlal frJshAl & 7HA % th(0.165+0.024 ng/
mé, p<0.05). HCGS} A A - NP= o] A 2
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Fig. 2. Effects of different BPA concentrations on in vitro 17 @203
OHP, E; and T production in greenling oocytes (oocyte
diameter=1.88 mm) in the presence or absence of 50 1U
hCG after a 48 h incubation. Values are meantSE of the
each steroid in three replicate wells with 20 oocytesinell. Data
were analyzed using one-way ANOVA and the Tukey test.
Bars with different superscripts are significantly different
from each other (p<0.05).
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WO R g HF e FEd o5 F420] MR el tf
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Fig. 3. Effects of different NP concentrations on in vitro 17 @20 8
OHP, E, and T production in greenling oocytes (oocyte
diameter=1.88 mm) in the presence or absence of 50 IU
hCG after a 48 h incubation. Values are mean+SE of the
each steroid in three replicate wells with 20 oocytes/well.
Data were analyzed using one-way ANOVA and the
Tukey test. Bars with different superscripts are signifi-
cantly different from each other (p<0.05).

& 2FshE oFo|t(Chung & Kim. 1994).

A5 G4 g8 239 dEA Eo| A NP(100 ng/
)= ElaJr E29] HAES A% tH(Baek et al., 2003).
e, BAYEY G @571 GRAZAA NPE TS
E>] A0l lo] F8ish J3ks vX|A] ekSkrH(Park, 2004).
AW o2 17220 SOHPY} 2 progestogens®] FE=+
HEANS BN B =7 ZastHA T w59 F71¢
Eigd) —7}615}3'_ A A ltH(Aida, 1988; Nagahama et al.,
1994). &3} Lin & Schuetz(1983)2] A-tell 2J3HH in vitro
2ol A estrogenol gonadotropinel] &J3] =¥ A< oA
oyl B8k, Pickford & Morris(2003)°ﬂ ojshd A
ZA2] 421 methoxychlor7} %4521 Xenopus lagvise]
A& GEAE 2 Zo|E A4 o] 2EZA 9
HARE& S7HA713L, Z2AZEHEY APFEE AsA
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T Bustitt eu]er AR SA4o] fFARE
=1, Hexagrammos otakiiol A% A< 7]dl] d|dsle W
BA|Eo|H NP= 17220 50HPY XS Adlsta E2
XS Z7035)= estrogen agonistz 2-8-3Hckal B g Qo)
(Hwang et al., 2008). Lt} & AFolA NPE =2fv] <]
GEAE HFASHGAA 1 ng/mld] FEANM B V8-S
AR B 10 ng/mle] FEToIA T o=
29l 17220 SOHPY] AL 3= A0 Kol HA3H
| F=7olA NP #3545 91o] estrogen antagonistZ
3te AoE AZEn 18y & sEFoA T4
A= flout thzol] His) 17 @20 SOHPY] AAlo] ¥
BRo) thej A= GVBD assay$} steroid receptore] -3+
ro 2o Ayl FQ st

BPATE GVBD7} A2 59| A% dRAZAA E,
€} 17 @20 OHPE ] thALE-S B A3)stAaL, o= BPA
7} estrogen 237} antiestrogen 243 FAlol 7}AH, GVBD
=l 0}~ B ofst Ao = FETHBaek et al., 2004,
2007). 53t Tokumoto et al.(2004)°l 93l BPA= DES
o} ﬂﬁ‘?zﬂ Akt o7 dRAE d5s A2
Zlolgtal Hustitt. 2y BPAE $AHE] 9 AHerE 2
AL AT F8lE-E THAAZTHNa et al., 2000). & <
T M= BPAE HCG ]9} A#glo] 17 @20 SOHP A4
de T 4TS PAA FRoY, LsEoA B4 A4
= S8k T3, BPA% BE Ae FETolA T A4
FE9 BPAE T A4
= =djve] HF

%Jﬂr?ﬁ% Zﬁﬂf‘l%‘ —’F A #?‘& ANEEZA &S AY

o

ke rlo Ho
g

il

B AAs, ke J&5TA GEA XA NPT estro-
gen antagonistZ, BPAE ¢F3t estrogen agonistZ 285}
Ao yepgon, o) &A%, 5 GVBDel dojo] U
olue= dd o] AAQN wieAA Y g2 77 B UiiH
72 A3t L%L—t— =3] = AAolth o] Al7]el faEA
of g =ad A A 3R J' aea g E 3
FagolE 9 o]:% nA 7hs s HHXﬂ T °iﬁr1 Azt
Hch. webA o oo} AHE a3, o]y
& ARE 7ERE =Y E £3 Al
o] WitHl FofEHol o) oj9A uwdEHeA < 0}71 H
A= in vivo A48 FHks 3 A7t Qs

Effects of BPA and NP on Steroid Production 279

Ml

Aida K (1988) A review of plasma hormone changes du-
ring ovulation in cyprinid fishes. Aquaculture 74:11-21.

Arukwe A, Celius T, Walther BT, Goksoyr A (1998) Plas-
ma levels of vitellogenin and eggshell zona radiata pro-
teins in 4-nonylphenol and o,p'-DDT treated juvenile
Atlantic salmon (Salmo salar). Mar Environ Res 46:
133-136.

Baek HJ, Park MH, Lee YD, Kim HB (2003) Effect of in
vitro xenoestrogens on steroidogenesis in mature female
fish, Chasmichthys dolichognathus. Fish Physiol Bio-
chem 28:413-414.

Baek HJ, Park MH, Lee YD, Kim HB, Kim JW, Yoo MS
(2004) Effect of bisphenol A on ovarian steroidogenesis
in longchin goby (Chasmichthys dolichognathus). J Kor
Fish Soc 37:192-196.

Baek HJ, Hwang 1J, Kim KS, Lee YD, Kim HB, Yoo MS
(2007) Effects of BPA and DES on longchin goby (Chas-
michthys dolichognathus) in vitro during the oocyte
maturation. Mar Environ Res 64:79-86.

Brotons JA, Olea-Serrano F, Villalobos M, Pedraza V,
Olea N (1995) Xenoestrogens released from lacquer
coatings in food can. Environ Health Perspect 103:608-
612.

Christiansen LB, Pedersen KL, Korsgaad B, Bjerregaard P
(1998) Estrogenecity of xenobiotics in rainbow trout
(Oncorhynchus mykiss) using in vivo synthesis of vitello-
genin as a biomarker. Mar Environ Res 46:137-140.

Chung EY, Kim SY (1994) On the maturity and spawning
of the greenling, Hexagrammos agrammus (Temminck
et Schlegel). Korean J Ichthyol 6(2):222-236.

Goetz FW, Fostier A, Breton Y, Jalabert B (1987) Hor-
monal changes during meiotic maturation and ovulation
in the brook trout (Salvelinus fontinalis). Fish Physiol
Biochem 3(4):203-211.

Hwang 1J, Lee YD, HB Kim, Baek HJ (2008) Estrogenic
activity of nonylphenol in marine fish, Hexagrammos
otakii, during oocyte development by evaluating sex



280 FAF - 713

steroid levels. Cybium 32:251-252.

Jobling S, Casey D, Rodgers-Gray T, Oehlmann J, Schulte-
Oehlmann U, Pawlowski S, Baunbeck T, Turner AP, Tyler
CR (2003) Comparative responses of mollusks and fish
to environmental estrogens and an estrogenic effluent.
Aquat Toxicol 65:205-220.

Kinnberg K, Korsgaard B, Bjerregaard P, Jespersen A
(2000) Effects of nonylphenol and 17 j3-estradiol on
vitellogenin synthesis and testis morphology in male platy-
fish, Xiphophorus maculatus. J Exp Biol 203:171-181.

Kobayashi M, Aida K, Hanyu | (1988) Hormone changes
during the ovulatory cycle in goldfish. Gen Comp En-
docrinol 69:301-307.

Lin YW, Schuetz AW (1983) In vitro estrogen modulation
of pituitary and progesterone-induced oocyte maturation
in Rana pipiens. J Exp Zool 226:281-291.

Mazzoldi C, Rasotto MB (2001) Extended breeding season
in the marbeled goby, Pomatoschistus marmoratus (Te-
leosti: Gobidae), in the Venctian Lagoon. Environ Biol
Fish 61:175-183.

Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG,
Khan C, Hughes RJ, Croley TR, March RE, Potter T
(2001) Estrogenic potency of chemicals detected in se-
wage treatment plant effluents as determined by in vivo
assays with Japanese medaka (Oryzias latipes). Environ
Toxicol Chem 20:297-308.

Mochida K, Ohkubo N, Matsubara T, Ito K, Kakuno A,
Fujii K (2004) Effects of endocrine-disrupting chemicals
on expression of ubiquitin C-terminal hydrolase mRNA
in testis and brain of the Japanese common goby. Aqua
Toxicol 70:123-136.

Na OS, Oh SR, Lee YD, Baek HJ, Kim HB (2000) Effects
of bisphenol A on the hatching of fertilized eggs and
spawning of adult fish in Songsari, Oryzias latipes. J
Kor Fish Soc 33:378-382.

Nagahama Y, Yaoshikuni M, Yamashita M, Tanaka M (1994)
Regulation of oocyte maturation in fish. In: Sherwood
NM and CL Hew. (ed.), Fish Physiology. VV13. Molecular
Endocrinology of Fish. Academic Press, London, pp

A3} A

393-439.

Nichols KM, Snyder EM, Snyder SA, Pierens SL, Miles-
Richardson SR, Giesy JP (2001) Effects of nonylphenol
ethoxylate exposure on reproductive output and bioin-
dicators of environmental estrogen exposure in fathead
minnows Pimephales promelas. Environ Toxicol Chem
20:510-522.

Olea N, Pulgar R, Perez P, Olea-Serrano F, Rivas A,
Novillofertell A, Pedraza V, Soto AM, Sonnenschein C
(1996) Estrogenecity of resin-based composites and sea-
lants used in dentistry. Environ Health Perspect 104:298
-305.

Patifio R, Thomas P, Yoshizaki G (2003) Ovarian follicle
maturation and ovulation: an integrated perspective. Fish
Physiol Biochem 28:305-308.

Park MH (2004) In vitro effect of endocrine disrupting
chemicals on oocytes maturation of yelloefin goby, Acan-
thogobius flavimanus. MS Thesis, Pukyong National
University, Busan, Korea.

Pickford DM, Morris ID (2003) Inhibition of gonado-
tropin-induced oviposition and ovarian steroidogenesis
in the African clawed frog (Xenopus laevis) by the
pesticide methoxychlor. Aquat Toxicol 62:179-194.

Sato N, Kawazoe I, Suzuki Y, Aida K (1998) Release of
salmon gonadotropin and 17 ¢ -hydroxyprogesterone from
lipophilized gelatin emulsion at 10, 20 and 30C in the
Japanese eel. Biotech Tech 12:797-800.

Scott AP, Sheldrick EL, Flint APF (1983) Measurement of
17 a,20 3 -dihydroxy-4-pregnen-3-one in plasma of trout
(Salmo gairdneri Richardson): Seasonal changes and
response to salmon pituitary extract. Gen Comp Endo-
crin 49:128-134.

Smeets JS, Holsteijin I, Giesy JP, Seinen W, Van Den
Berg M (1999) Estrogenic potencies of several environ-
mental pollutants, as determined by vitellogenin induc-
tion in a carp hepatocyte assay. Toxicol Sci 50:206-213.

Sohoni P, Tyler CR, Hurd K, Caunter J, Heteridge M,
Williams T, Woods C, Evans M, Toy R, Gargas M,
Sumpter JP (2001) Reproductive effects of long-term



Dev. Reprod. Vol. 12, No. 3 (2008)

exposure to bisphenol A in the fathead minnow (Pime-
phales promelas). Environ Sci Tech 35:2917-2925.

Tokumoto T, Tokumoto M, Horiguchi R, Ishkawa K,
Nagahama Y (2004) Diethylstilbestrol induces fish oocyte
maturation. Proc Natl Acad Sci 101:3686-3690.

Van Den Belt K, Wester PW, Van Der Ven LTM, Ver-
heyen R, Witters H (2002) Effects of ethynylestradiol on
the reproductive physiology in zebrafish (Danio rerio):
time dependency and reversibility. Environ Toxicol Chem
21:767-775.

Weber LP, Hill RL, Janz DM (2003) Developmental es-
trogenic exposure in zebrafish (Banjo rerio): Il. Histo-

Effects of BPA and NP on Steroid Production 281

logical evaluation of gametogenesis and organ toxicity.
Aquat Toxicol 63:431-446.

Yoshizaki G, Shusa M, Takeuchi T, Patifio R (2001) The
induction of oocyte maturational competence by gonado-
tropin in Nibe, Nibea mitsukurii (Teleostei, Sciaenidae)
requires activation of the protein kinase A pathway, and
RNA and protein synthesis. Fish Physiol Biochem
25:201-208.

(received 18 October 2008, received in revised form 18
November 2008; accepted 18 November 2008)



