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Effects of nonylphenol and bisphenol A on sex stedoormones activity
in ovarian development dflexagrammos otakii

In-Joon Hwang

Department of Marine Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

In this study, vitellogenic (oocyte diameter of @(J.74, 0.82-0.86 and 1.08-1.12 mm)
and mature oocytes (oocyte diameter of 1.95-1.97) from the greenling Hexagrammos
otakii) were exposed ton vitro xenoestrogens such as nonylphenol (NP) and bisph&n
(BPA). To investigate the effect of NP on steroicetabolism, vitellogenic oocytes were
incubated with 10 ng/ml of NP in the presence JH]{7a-hydroxyprogesterone as
precursor. The major metaholites produced vitro are androgens [androstenediones)(A
and testosterone (T)] and estrogens [estrong @Bd estradiol-13 (Ez)]. NP showed no
clear effects on steroid metabolism at vitellogenmcytes. In the effect of NP on steroid
production at vitellogenic stage, NP increasedT Eratio at 0.1, 1 and 10 ng/mL in the
oocytes of 0.80-0.82 and 0.92-0.96 mm. In the axydf 1.08-1.12 mm, NP increased
EJ/T ratio only at 100 ng/mL. Qocytes of 1.95-1.97 nwere exposed to NP and BPA
with or without 50 IU HCG (human chorionic gonadgin). NP increased ;H ratio at
0.1, 10 and 100 ng/mL without HCG and increasedl Fatio only at 100 ng/mL with
HCG. Moreover, NP inhibited H20BOHP production at every concentration without
HCG. In BPA treatment, BPA increased/E ratio at 0.1, 1 and 100 ng/mL regardless
HCG. BPA inhibited 1@20BOHP production only at 100 ng/mL without HCG altigbu
BPA stimulated 1@20BOHP production at 1 ng/mL with HCG. Taken toghthdénese
results suggest that NP exhibited clearly estragexdtivity regardless ovarian development

and BPA has weak estrogenic potency at final oocygturation stage oH. otakii.
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off

Bul 4B F NP ZHad, 8549 398 AARe) AR solt

=
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KCIl, 0.28 mM MgSQ-7H0O, 0.98 mM MgCdl-6H0, 3.40 mM CaCl6H0, 3.65
mM HEPESP.2 A3, dHE dae 7l AAS o83l diE=z
Zrzke]l dRAZEE RStk 4 dFol dadM dAERE % dR
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Table 1. Characteristics of five greenling femalgsed in this study.Oocyte
diameter was presented as the major diameter amahgs

Total length Total weight Oocyte diameter
(cm) (9) (mm)
Fish 1 325 433.25 0.70-0.74
Fish 2 355 533.02 0.80-0.82
Fish 3 34.1 531.03 0.92-0.96
Fish 4 37.0 646.24 1.08-1.12
Fish 5 254 196.20 1.95-1.97




o NPS} @7 #7kstach E3 NP/h bhe] 2HZolE 528 g4 v

= 9 A8 98, NP (Aldrich Chemical, Milwaukee, WI, US&) 7z 4
Y TEFEE HUFSAT. 3 ¢F 1.95-1.97 mny dEAMEZ s A= NP

o BPA 9o y&nrl FoEAdd et dRAE wgaHRE Fol7] 3|
human chorionic gonadotropin (HCG, Sigma ChemichISA) 50 IUS % 7}3F 4

g7 At

S djkd e 5380 (ethylacetate : cyclohexane = 50 : B0)23] +=
3 E, T =& 17020BOHPY =% E Aida et al. (19843 ol g} WAlH

M (radioimmunoassay) 2 EA3tH k. “Ado] 9 0.70-1.12 mm] d =
AE wgdo e Bt T 52 =F3A, *HHo] oF 1.95-1.97 mm!
HYEAE A= B T 2832 1702080HPS] 5 =5 A3t}
Ao Alg" F A= =5 Cosmo-Bio Co. Ltd. (Tokyo, Japap)= FE <A
t}. standard & 2 52 Steraloids Inc. (Wilton, NH, USA%} Sigma Chemical
(St. Lousi, USARYEH T3l ma wWAZAE  [2,4,6,7°H]-E.9)
[2,4,6,7°H]-T-> Amersham Life Science (Englarg)el 743593, WALH A
¥ 17a20B0HP= Scott et—al. (1983 WHdl 93 [1,2,6,7°H]-17a
-hydroxyprogesterom@ -8} &4 4 Hgo=z A& 5 TLCo 3 £ 3 A
= A& AT
E,, T 283 17a20B0HP RIAAIC] lolM HAax #AE&%Fe Zz 125 pg/mL,
10 pg/mL, 10 pg/mk] %3, assayuy (intra-assayy} assay 3t (inter-assay)¥ &
AFE 50% AN AFEAA 243 23, E RIAAAME 3.4 (n=3p} 11.5%
(n=6), T RIAANME 2.3 (n=3p} 12.5% (n=6), 1@2080HP RIAAI M= 3.2
(n=4)2} 9.5% (n=8%]t}.



ot A 24 (60F™, Merckpl A2 A171 ¥ Adg &3 4w (benzene : acetone =
80 : 20 ¢} Benzene : ethylacetate = 80 : 2 A AWA AT A7 gk

_Zr‘s'_
Be AN A dAEASY %Y F ES BE 22E 3712, YA W
HEL 254 nme] QA Fhol Al BlEt Tk gk Tl UEhd tiAIEAES
WA AW (autoradiography, Fuji Bas 300Q)2 A &Helatdom, A<

o
)

HEd o) g s A7 4 =g Zet 5 mLe] £38 9 (dichloromethane :

methanol = 9:1 $£23dd. &gld g E2S HPLC (high performance
liquid chromatography, Waters) ©]&3le] EFE 2 2] retention time} < x]3}
£t fractionsts R olslgek. #8®  fraction  Liguid Scintillation Counter
(PACKARD TR-CARB-2100T, USAE ©]&3}4] radioactivity =4 & thAlE 2
HE i Adtstden, 48 tAEZ > HPLC-radiodetector =213}
Stk HPLC 7] 71824 =z Table 2} Ztl. HPLC-radiodetectcg &1 ¥ U
ALE A& gas chromatography-mass spectrometry (GCHISE A 31311, GC/MS

(GCMS-QP5050A, Shimadzu, Japas)s x2S table 3¢ Zt}.



Table 2. HPLC instruments and analysis conditions for sedparaof steroid

metabolites
HPLC Waters Alliance
Column SunFire G, 4.6x150 mm
Mobile phase 20% methanol : acetonitrile = 60 : 40
Flow rate 1 mL/min
UV detector Waters 2487 Multiwavelength Absorbance Detector
Radio detector 3-RAM Model 4-Radio-HPLC Detector
(INJUS system, USA)
Injection volume 2010
Ending time 15 min




Table 3. Analytical conditions of GC/MS for idenmtétion of steroid metabolites

Instrument GC/MS (Shimadzu 5050A)
Column DB-5MS (30 m x 0.25 mm x (ui
Flow rate (gas) Int/min (He, 99.999 %)
Injection mode Splitless mode
Injector temperature 275.00
Detector temperature 280.00

80.00 T (1.00 min) —
10.00 C/min, 250.00C (0 min) —
3.00 C/min,280.00C (0 min) —

5.00 C/min, 295.00C (4 min)

Oven temperature




one-way ANOVA tesg A *]3to] Tuckey tesE F3 95% A FFolA tix

T} APT 4 2UBoE 52E Fxe) §93 A4S AAFA



AREAl 719 11g-124 e AR E FAxdrle da Wl dEAxe] dEEA o

=

A4S By 34 ¢k 0.70-0.74 mny]
(Fig. 1-A). 37 ¢}
0.80-0.82 mn#} 0.92-0.96 mny] FEAZNME & FHRZ dFsgo] Z3

Ha dole mgEHo] #EEeH, dFHgFo] Axd el Fosic
z

V)
AW

BEAE 2HZoE HAER &4

W7ol oF 0.70-0.74 mm, 0.92-0.96 mne il 1.08-1.12 mm] &5 4] Z o A]
[*H]17a-hydroxyprogesterore 2 F-8] A A E 2g 2o]= thAlEAE ] TLCA 9
BHAE Ay T, B 2E3 B 5 XFERY XA (Fig' 2). A7+E4=R

BE AAE FQ8 gAERAE = A, T, B 1837 B2 HPLC-radiodetecta®
3-5.)
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Fig. 1. Histological obggn‘rati , :/‘ Hexagrammos otakii. A;
Ovary with oocytes of 0.70-0.74 ‘mm diameter. Yollesicles were shown in
ooplasm. B; Ovary with oocytes of 0.80-0.82 mm dden Yolk granules were
shown near the nucleus. C; Ovary with oocytes &2@.96 mm diameter. Yolk
granules were accumulated into ooplasm. D; Ovarth vaocytes of 1.08-1.12 mm
diameter. Fully vitellogenic oocytes and residuallidles were shown in the ovary.
E; Ovary with oocytes of 1.95-1.97 mm diameter. eRipocytes which has
well-developed zona radiata were shown in the av&@wyale bars indicate 500m.
N, nucleus; RF, residual follicle; YG, yolk granul&V, yolk vesicle; ZR, zona
radiata
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| — Origin | 1788 Origin & _, Origin

Fig. 2. Autoradiograms of steroid metabolites iretigdl  with fH]l?a
-hydroxyprogesterone from greenling ovarian fodil at three different oocyte
diameter. Four metabolites were separated by thyerl.chromatography developed
with a benzene:acetone (4:1) and benzene:ethylatecefd:1) solvent system. A,
Oocytes of 0.70-0.74 mm- diameter. B; Oocytes of2@®6 mm diameter. C;
Oocytes of 1.08-1.12 mm diameter,, Aandrostenedione;1E estrone; E estradiol-17
B; T, testosterone
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Fig. 4. HPLC elution profile of the radioactive stiard steroid and metabolited,

etabolizedE2; uthentic metabolizedE1.
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Fig. 5. Mass spectra of steroid metabolized by rjileg oocytes identified as
androstenedione (@} testosterone (T), estradiol{17(E;) and estrone ({E A,
authentic A; B, metabolized & C, authentic T; D, metabolized T; E,
authentic k& F, metabolized E G, authentic E H, metabolized E

Analytical conditions are summarizedin table 3.
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NP7F G337l dRAX 2eRol= s28 titgd mAs T2
Fig. 67} 2t} W47 < 0.70-0.74, 0.80-0.8218] 3 1.08-1.12 mml 31& ]
EAZAA NPE T2 tA&S tzTe] sl FAANRoY, §93 o
et A g kth S NP7F ExZ 9 thAbE S thET o Hlis| AfAIZ o
Fog Aol UEhbA gt A Ero 29 HAbge] mXE NP 9w
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A — Cantral

50 Ezza MP 10 ngdml a0

50 50

40 40
& 0 &
2 2
s , &
g 100 100 g
= — Caontrol =
Q Q
ﬁ 30 ez=zzn MNP 10 ngme a0 :%
= =

60 60

40 40

20 20

0 -7 % S % % 0

070074 092096 108112 070074 092098 1.081.12

Oocyte diameters (mm)

Fig. 6. Effects of NP, (10 ng/mL) on steroid metasrol from PH]17a
-hydroxyprogesterone of isolated greenling oocytébe percentage of radioactivity
associated with each isolated steroid was calail&tethe percentage of total steroid
recovered from initial TLC. Values are meanzSE aicle metabolism rate. Data
were analyzed' using one-way ANOVA and the Tuckegt.t&here were not any
significant differences compared to controls. Admastenedione (#; B, testosterone
(T); C, estradiol-1B (Ey); D, estrone(Ey).
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4. NP7} G384 71X 2E20lE 328 YA uAe 9T

P A7) sEsteE dd ¢ 0.80-0.82 mm, 0.92-0.96 mmrg] i1 1.08-1.12

—

mm ¢l GYEAXE Ao E NPE Ztzh 0.1, 1, 10, 100 ng/mt] s ==

B AAdZA= Fig. 7 Zo. dAo] ¢ 0.80-0.82
mmel GREAZEE NP 0.1, 12832 10 ng/mlol A T AAE dhxFo 1
3l frojstA AMA ALY (P<0.05), B AAol= FYst Aozt YetA] &
o W7ol ¢F 0.92-0.96 mm! dEAEZANA= NP 0.1, 1283 10 ng/mL
AN T AAHS ol vls] FotA Asistd e (P<0.05), NPAHE §%
of vlgElst] T Aol ZAHE HAIFS EAY. NP 0.1 ng/mkl A= E AA
S FsHA F7MAFH Y (P<0.05). WF7d o] oF 1.08-1.12 mm] G R A EZ A=

2

NP7E TSH B 440l FRE %2 A4 29t 53, T =& NP A
w0l sl QadE 4% BPou hET F98 Helt BEuUA
it

A T B9 FxtE E/TY HE&=E 483 c (Fig. 8). BIT vl&S A

Ao

2HZoOlE $2% % WSl @E WEH wde] AR ol&Hu Uut
(Bevans et al., 1996; Folmar et al., 1996). NP A.1z18]3 10 ng/ml= Y7 9]
¢k 0.80-0.82} 0.92-0.96 mm] YFEA EZo|A EJT H]E&S thx+ o Hls] F9
3HA Z7FA1 7Y (P<0.05). W7 ¢F 1.08-1.12 mml FE A ¥EoA = NP 100
ng/mLAl M 9 EJ/T Bl &S #23HA S7HA1# T (P<0.05).
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Fig. 7. Effects of different NP concentrations om vitro testosterone and estradiol8l7
production in greenling oocytes after a 36-h intigdoa (A) oocyte of 0.80-0.82 mn{B)

oocyte of 0.90-0.94 mm (C) oocyte of 1.08-1.12 m¥alues are mean + SE dhe

concentrations of each steroid in three replicatellsvwith 20 oocytes/well. Datavere

analyzed using one-way ANOVA and the Tuckey teststeAsk shows significan

differencesfrom controls (P < 0.05)

_19_



8.00

%k

— Control
NP 0.1 ng/mL
600 b BB NP1 ng/mL I
’ NP 10 ng/mL
NP 100ng/mL L
7
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2.00 | %
\
N
s
0.00 s
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Y

2

Oocyte diameter (mm)

Fig. 8. Effects of different NP concentrations an vitro Ey/T ratio in greenling
oocytes (oocyte diameters = 0.80-0.82, 0.92-0.96 ar08-1.12 mm) after &86-F
incubation. Values are mean = SE of the ratios athe steroid inthreereplicate
wells with 20 oocytes/well. Data were analyzed gsione-way ANOVA andthe
Tuckey test. Asterisk shows significant.differencesfrom controls (P < 0.05)
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PAZ

N

7} 0.1, 1, 10283 100 ng/mle] =52 H71sk & A4 2gIZol=

TE2E AAARE vwd 24 Fig. 9, 104 2.

NP 3@l A -HCG 3stelA To] Adsx= NP 1 ng/mlellA, B2 A4

TZ+ NP 104 100 ng/mlo| Al 9 stA Z71s ek (P<0.05). 1@2080HPS]

HAEEE BE NP g =T o84 7489t (P<0.05). +HCG
sl A T AAdsE+= NP 0.1 ng/mlell A 714 Ekout iz Bl #2

gt ztole YEYA ZUth B AAdFE== NP 100 ng/miel A5t f <] 31A

Z71stgom, 17a2080HPS} AT = NP 1 ng/mlo] A gr §98tA =713}

At (P<0.05). BT ¥ &S AHrW (Fig. 11), -HCG 314 NP 0.1, 10, 100
ng/mLell Al EJT Bl &S diZ7oll vla] fostA S7HAZH 2 H, +HCG 3ol A

NP 100 ng/mil| A5+ EJT Bl &S #9234 S7k2 17t (P<0.05).

BPA A3 FAE -HCG &4 BPA 1 ng/mlo A= Tl AAEEE =7}

AN AT (P<0.05). Bo] AT E=+E BPA 0.1, 1 18] 3 100 ng/mloll A 2] 1A

Z71stgth (P<0.05). 1d2080HPS] A ¥ == BPA 100 ng/mlo A 69 st

A adE B (P<0.05). +HCG3}o| A BPA:E T MAlEwol 583 &

B2 Holz ¢ttt B9 AA¥EE BPA 0.1, 1183 100 ng/mle Al & <]

A Z71et9om, 17a20B80HPY] A= =% BPA 1 ng/mlo A vk £ 231

Z7vet4 T (P<0.05). BIT HI&S AHEW (Fig. 12), -HCG 3ol 4 BPA 0.1, 1
283 100 ng/mlel Al E2/T Hl&S izl vl fFostA F7HA#H oH,

+HCG 3}olA BPA 0.1, 1 283 100 ng/mlll A SolatA Z71AZA

(P<0.05).
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Fig. 9. Effects of different NP concentrations onvitro testosterone, estradiol{#7and 17
a20BOHP production in greenling oocytes in the preseor absence of 50 IU hCéitel
a 48-h incubation. Values are mean + SE of the eotnations of each steroid ithree
replicate wells with 20 oocytes/well. Data were lgpad using one-way ANOVA andhe
Tuckey test. Asterisk shows significant differencesfrom controls (P < 0.05)
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Fig. 10. Effects of different BPA concentrations om vitro testosterone, estradiol-27anc
17020B0OHP production in greenling oocytes in the preseor absence of 50 IWCC
after a 48-h incubation. Values are mean + SE @& toncentrations of each steroid
three replicate wells with 20 oocytes/well. Datarev@nalyzed using one-way ANOVANC
the Tuckey test. Asterisk shows significant differencesfrom controls (P < 0.05)
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Fig. 11. Effects of different NP concentrations onvitro EJ/T ratio in greenlingoocyte:
(oocyte diameter = 1.95-1.97 mm) in the presencealmsence of 50 IU hCG after 48-F
incubation. Values are mean + SE of the ratios afhesteroidin three replicate weblgith
20 oocytes/well. Data were analyzed using one-wdOXA and the Tuckey testAsterisk
shows significant differencesfrom controls (P < 0.05)
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Fig. 12. Effects of different BPA concentrations omvitro EJ/T ratio in greenlingoocyte:
(oocyte diameter = 1.95-1.97 mm) in the presencealsence of 50 IU hCG after 48-+
incubation. Values are mean + SE of the ratios athesteroidin three replicate webNgith
20 oocytes/well. Data were analyzed using one-wdOXA and the Tuckey testAsterisk
shows significant differencesfrom controls (P < 0.05)
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