ES5E X X¥amPbPrroF=rROATuaAf RKEVEVEK, FF 7
—AP4SO IA RO NEFFL-S-FF VAT =T —BiEH®ICRIET

SAVT =/ =)V EERT R e BE RN ORE

5. 1 WFEERY

RN BULEHE N, BEEYCOE NORFWR CETER R EITERA 7
BEE RIS THREENSTRENTVS ), Zhb0WEIIRKEIKRES
IR END ZE06, RACHEERBOETEME N LA HRIERZ5 &
BITHEERZZOND, TNETREARZBVWT, £IZZ AT P—-178
R -7 b T A MRT R U ERT B A RFRVE D ORFAT B EYFR BT
FELLTHAWVWLNTE R, LALRBSINLO@ITIZME, HFE, AL
ML HALEMBEOFHRA 7 ) —= FTEORENERNICITOR TR Y *), #
BEL VAV E, BT 0SS = RAERMOINERTHEBMICKIT SR bu s
VEMERBORERREELEIONTWS, BT u s = i 3INEFHEIMIC
B RIRERIRES N7 ETHY, BRARECRWTILERER bW INT
TR ha U OERICEL Y R CERIN, LHP 2 L TAERBRICRYAE
., SIEBHROBRZCEELREZELL TV, BREOLFET s =
BRITEICHRR L AICEESN N, B, BARUHEMNICKRRAZ RS
W TET s =idkshin, LArLR2R6, ARV T = /) —/VER
RERTA MrF Rz baFURERE RTHEIL. BED DV ITRER
AILBVWTET R =VEARTHI LD, BT = 3kBREROTR

M S RMEOREER RT3 D OEARIEEL B 9,

133



J=nNT7x /)= (NP) IZ, 7utLrD3BEARED/ X7 /) —ND
RIS L 0 TEMIZAREh2, NP RT=FLodx¥( FERIBSE/ =4
7=/ —/Ax kFL—b (NPEO) OF THA ZF REEMEAIE LTRAND
N5, BATIZNPEO XEICTEADHEH, mBAIE L THMETSE, KT
¥ SBRI¥E BEIESIHEAINTVWS, NPEO 7T AFAT =/ —/L=x
k%< L—b (APEO) O—FETHD ., APEO OTVFNLEDF THRFEL 9
?® NPEO DAERIIA 80 %L J/HEL . BV DREDIIRFE 8§ 04T TN
Tz /)= hF¥LL—FThHB, NPEO (X TS DIFRMEGIRLEEIC
VT FFVEOEHEBEZY ) =T =2 —A P FF T L— (NP2EO)
R/ =NT 2 ) —NE) = FFTL— b (NPIEO), = hF T EDRWHPB ANV
REINMEL LI ) =T 2 ) — AT HINVEFTL—h (NP2EC), /=117 =
J—=IE ) ANRFT L —F (NPIEC) LWoleHHENER L. £D&K, Bk
SHEBRAEZET NP Z4EMTAZLBRESN TS ), NP OREETH
B 4 =NT = =i, 177 pgl UTOBRERECRNT, AFY Oryzias
latipes DYESMERECRERIETE51ZFEZ L Y, 50 pg/l LEOBRBBEICK
WT, BEAFDITHEINREEZEREND LV IBERDHD Y, Znkdic, AE
WX T 5RFWN L EALEHEOT R b FUARIEAR, TERoDERICK -
THIERZ INDERBEFIMEZITD 2D, invitro IZBWTTZRA ha iy rx
BIEEARROBER two-hybrid HRICE B2 =X b &/ UIEERERR R E3fTbiv T
W3, In vivo IZBWTIX, E7ul = EEARR, —HHREER, ZHARRR
EREENEDTNDE, LrLiedd, ZThbRA 7 ) —=r 7 RURRRIZ
BWT, ABREZAETEDICAVONITREARHIEEN DT X b/ iR
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WE., BIHEHTR Fo s L RRCEDEOBEERIC O VWTIIEEA LA
RA3720N,

FRIXNES, 4BIIBNT, THREMPIITEDTZ FrTUREENT
B, ZhoRlEX s oMb T a = 2 EETDHILEHALNIILE,
RERGRLENDIZEENDF=ATA Y, FARBRA Y, 7 ARTu—NVRT
A7 F—NRBETR M UoRERZ TR THEBT X buFUid, ARV
THARBELZHIL TS Z L REATWS Y, ZL OB habF o/ i3E
FREBRICBW TR br U ZABICEA L. RNA SRICBVWTZ= X br s
veTd=A MERELTEE PP H50IEL D RNA BEEZHEEL=R
hesy 7o d=X MEAZTRL, BRL LTHTR ba /B EHE
REZRET Y, —iC. AW EULEBEDO TR b u U RERA 2R
BA Y —= v TRBRICBWTIX, RIS Ulctkx RHREBI S AV 61T
W5, ZNOMAEFICE T EP TR bu Uik, =R ba S U R BRI
ALTR huFUEERZRT I OFET 2R ABRILEME L EE/ER L.
RRLELT, ThoRBILEVEOI A Fa/ URIERICEREZE X, b
IEEERZRIZTRIESEDLEZEZ O D,

AR TIX, ¥ X 3 Carassius auratus Z AV, FEFIZEENSEHT X
farvl NP OBEFELTRLMITIILEENC, F=RATA 0084
YA Ui lEh= 2 bu s VEEE (FD2) b2VWiIEmEFEE (CD2) &5
%, BBEDO NP CBRBELIZHES L Fa B 2MP LT/ =VEE X7
aAf KL EY (FRAMNRTRY, 11-27 FFRMRTRVEOBTZ R N UF—

N-178) B, BFFF b7 v —2A4P450 1A (CYP 1A) RKIFHEEBRREHERTINVE

135



FAS-FFL AT xT5—F (GST) FBHIZRIETEEZ ML,
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5. 2 #MBEFGE

5. 2. 1 {L¥9HELAREFTRER

NP Z7 NV RY vF (ER). B2 v/~ (RR) LVEALL, Zhboi
BRICEVMBRIIZ AFNVANLT 5V F (DMSO) (ZH#E LERICH Lz, RE
FERAFENL. KERVARRAMERDOL ¥ A v EFEEORIESEE No.5 (FD2),
< 2 FifEl (TD2) RUVEEA =« AfAkt (CD2) &A= ), TD2 RU* CD2
XN FNREREBRASE E) Bo~RAs T TNEEE 24 RE & H EP
1.5 Z v iz, RO EFEKR O % Table 1 12777

5. 2. 2 AEFTRASHOEH=RA Sl ERLETX bul U EHE
FD2, TD2 RU'CD2 FOMEY TR hu /U E&i%, 83 EDHEITHE, H
hru~wvII74—/8 07 LEERESHE (LC-MSMS) (2L o THIEL
7o 72, THNOERFOKRTR Fa U EEIL. E4EOFEITED, two-
hybrid #512 LV & b= R ba U RBEET VT 7 RUN—F (RER-aRUB) B

FNENERAENT-BRERAVERE LT

5. 2. 3 #HEAKLREER

5. 2. 3. 1 ZREAMIIIEX FaohdrTos/=VEE

PERRBA U7X X 3 Carassius auratus ZRHEEZ L VBA L TERICHL
7o A L-ERAIIZANOKEIZBNT, BRRET OKER UYEER THE
L7230 1 BN T ABOKIECE 6 EE90.3 BEIZ4 T 63 ARIEAE L7z (2001
EsH~6HL¢%§#uMﬁbtmﬁm%ﬁmbtoHn\nn&UHmz&
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BREEHZY 1.0 %EE X7z, A T 1 BEIC 1| BITV., &ERE?L 1
AR R E R O RR £ WE L, WREERTLAET 7, 14, 28, 42, 63
B ICRENICRMLZ1To 7, 63 BEOKREEKR TR, SFEFOREAER VR
BERLZAEL, K, ERRECHIFEBEZME L, b Lo ARERE U
HBIZERZAIESR., ST CTRELRE, iz, ThAENEEKEI
Xt 5 B4 & AFERAEISE (GSI, %) RUAFREHEE (HSL, %) & LTEHL,
5. 2. 3. 2 HEERELEXTHEXS X3 ~0NPRE

PERRB U7X Fa o REEE L VEAL TERICH L, BALLER
AITEPNOKHICEN T, BARETOKER O EM O LT, 60 Ko
HEA (KE : 18.546.6g) #TNTH 12 BT, BUERKEXK THIHBRE
WEE 0.1, 1, 10 BT 100 pg/l IKFAM L7= NP2, FHhEhAKIE21£1°C T28 H
EIBREE L7- (2001 4E 5 A~6 A). XHRETIZDMSO (0.01 ml/) DOH %, Btk
SRBCIIOHRERE 1 ug/l D B2 2FHROLGTRE L, BREIIEH25]
DA T ABKEE R, AL 12 FREAH, 12 KHEREH, pH 7.2-7.6 TIT o
2. 7KFEAD NP BRI 24 R EICEERM L7, RBRAICIIBEDTY
1.0 %END FD2 HHVNICD2 % 1 B 1628 HME A5 27, NP BRI L IRE
7,21 RO 28 AT, BIRERH S EAEORRA LY BERFIICRLZIT 27,

28 BEIOBRBEK T %, SEEOBEFER FEFRZAE L, 0K, £5E
B R ONTRERR 2 18 HS U7z, #H L ARRR ORI EEZRIER, OoFE
T80CTHRE Lz, £/, TATNEEFEICHT HEE 2 AR EREK
(GSL, %) R UFg&ES (HSL %) & LTHEH LT,
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5. 2. 4 Mik&Isny—irR%
MR IZADRBEBIFIRE 0 25 G DEREZ AV THRR L, MRIXE I 0.1
75 & O aprotinin (10,000 KIU/ml), 0.1% phenylmethylsufonyl fluoride & U* heparin
(14.0 Uml) 28Lo4ABEARKEKR LIRS LT, BEKIZ4CT20 5 (1,800
Xg) Bl L TMEHT oMLz, X, 15mlBF2—TITHEL, BRI
FRELERTHET 30CTHRFLE, 2TOBREITICTITo I,
R U FFEEI T, 4 fZBD 025 M A7 a— AR THREVFA XL, 271
Y — LE43IE Arizono 5 19, Ariyoshi b PO FIEICIES THRBI L, BF R

7 Bt Lowry b WOFEIZREW FMET VT I V2 BERRLE LTRIE LT
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Table 1. Ingredients and compositions of fish diets'”

Fish diets Ingredients
Formulated diet (FD2) defatted rice bran 55 %, casein 40 %, vitamin mix,
“No.5” 3.0 %, mineral mix 2.0 %

fish meal 65 %, wheat flour 21 %, defatted rice

Trout diet (TD2
(152 bran 6.0 %, soy bean meal 2.0 %, corn gluten meal

“Crumble for trout” )
3.0 %, vitamin mix 2.0 %, mineral mix 1.0 %

fish meal 38 %, wheat flour 25 %, defatted rice

Carp diet (CD2
P ( ) bran 18 %, soy bean meal 15 %, corn gluten meal

“Floating pellet for carp, 1.5” i ) )
1.0 %, vitamin mix 1.0 %, mineral mix 2.0 %

* Composition which does not include vitamin mix and mineral mix.
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5. 2. 5 MmMPEFas=HE
it T o e REORER. B2 EOFEHST, XL ¥aLras
SRR ERIEEERTHaAVRETFY U URE ) ZJa—FAHE (T
VAVxz=y 7, BBER) EAVW-ERAERNERE (ELISA) TiTo7l, FHAIE
RTIHIRvA 7T L — bRV, FrFabTas=13100 pg/l D E2
(= 28 ATHIREE L/-BES 2 ¥ a b, BA AVl Y T bERAVCHRER
Eru<w 57 4— (HPLC) KL VERLE VY, Bl T/ =vD
&y BIZEMIET VT I 2 IBEHEYE LT Bradford 0FEICL Y RIEL
Tro EEWEIZ1 RHIZY 0.78ng 55 50ng DRERF U Favrus/=r2H
W, FRLEBEREO T 0 /= ixZHAE TITo 72, RIERSOmF &
Fus=VRER, BT o= MEEREORERPOEH Lz, AJE

RIZBTAMFET a5 = ORERAIT 39 ng/ml Tho7,

5. 2. 6 MmMHAHRTEA FFEALECDORIE

MADTR R T PA—A-178 (E2). TR FAF T (TS) BLK 11-7 b7
A FAFrY (11-KT) BEORIEIX, Asahina & VO HFEIZREVE ZHTAEEE
{LEEZ AW ELISA IZ L V1To72, AT ICEDOBEZRLT,

HRP #Z#HiR (E2: 6-0x0-E2-6-CMO-HRP, TS: Testosterone-3-CMO-HRP, 11-
KT: 11-oxo-testosterone-3-CMO-HRP), #if& (E2: anti-6-ox0-E2-6-CMO-BSA. TS:
anti-Testosterone-3-CMO-BSA, 11-KT: anti-11-oxo-testosterone-3-CMO-BSA) &
T Cosmo Bio Co., Lid. L VA LT, o-7 ==L U7 I _HGEEE (OPD &)

TR IE BR) LVEALL, ?ﬂﬂ"ﬁ:’t:ﬁttf;%ﬁﬁﬂi\ BRYL T 5H
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FLLIZIFRENICES L, TRUSDORT A FEDEGERMOESITERT
XBIELE T, EERAROARGERL, E2: 25000 £, TS: 25,000 £,
11-KT: 100,000 {&%, FiEDOFRAEHE % | E2: 25,000 £, TS: 50,000 £, 11-KT: 50,000
L L. EnEns R ER TR L,

BELTW MR EMER, YY) ara—TF 4 Vv P ELORBEICHR LT,
ZhiZ 10 FEOVZFNT—TLEMLISERLZER, KBLZ—TNVE
DRSS THETHEIHEBEL -, ZhimaHBPT3I30CIIEZML, R
TaA REVEVEZELRT—TAVEEER L7z, ZOmMBEEREL 3 BT 2%,
| Ellll Lz —T VEN b T —T IV E5ERIIERE L, & UEREREK (0.05 M H3BO3,
0.5 % 4ME7VT I, 001 % FAuY—L) THEMRL, JIEARARE L
2o HOMPLHE_HE FHU Y X 1gG ¥ IgG, # 00779, CAPPEL; U.S.A) %
Bf{b L= 7 L— M2, BIEARE. HRP EZERHURB L UHSEZEN € 50 ul
TOIEICMZ, 4CT I8 BRI ST, RS TH. 0.85 % NaCl K&K T 7
Elgei L, FEK (02M 7 =8, 0.01 % H202, 0.05% OPD) % 150 ul 3°-20
% 20°CTC 40 HRERG & BTz, ZhiZ 6 N OFiE% 50 ul T 2MMA s EFLE
¥, EO%~A 7S —hY —F— (ELx808 Ultra Microplate Reader,
BIO-TEK #8) %M\ T 490 nm IZB T2 EMELZREL. BEFITY 7 bV

=7 ASSAY ZAP (BIOSOFT; UK.) IZ X W BMHMENSLHRLVE LV BEZEH LT,

5. 2. 7 EYRHBERK OV GST HHERIE
CYPIA OFEHRIEIIE 2 EOFEIZEW. = X VY VT 4 (EROD) &

VA RFL VY NT 4 (MROD) DBRTA I VLT LD VI NT 4 VERE
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HPLC TEETAZ LIZL> o7z, 625 mM U By 77—, 625 mM
MgCl,., 0.625 mM NADP+, G-6-P DHase 2 1} 2.5 yM O EEE % &1 RIGHK 320
pl 1237 v Y —LRRIBIE 40 pl, 5 oM G-6-P 40 pl ZHML T 22CHKIBFT
Rit% 20 T -o 7z, RIiS#%, 9OCTRIGZEIE Lz, RIGEIEIRIZ 400 pl
DB E ANT 045 pM ET ¥ A XD PTFT 74 & — (LY ET, Ny ¥
TA—R, TAUVH) ZBLELOERRERAREL Lz, BIEICITREHRHES
D3EEGE S iz HPLC 26 L7z, Waters SYMMETRY C 18 4 7 A(Z 0.001 M EF
BAARETR (pH 5.7) /A % ) —/v% 60/40 (1 ml/min) THii LR HEF (Ex 550 nm,
Em 585 nm) IC L > THBLNBLI AT 4D —7 2 EBE LT, RERIER
WCIEBECHFRLZVI VT 4 v ERVWE,

GST FEMEDRIEIX, GST * Tag assay kit (/ 372, TAVH) AV, Fv
MR SN2 BERRAEICH > TiTo T, £, F U7 HEOEEIX Lowry

b VDR EETITok,

5. 2. 8 fEEHEMT

2T OMEEIE, Stat View 5.0 for Macintosh % iV TITVY, p<0.05 2 HE
%0200 Uk, MYSGRE, MUGE, GSL HSI ROMLS U5 04 = @
EBEOREZITV. E0BERBD OB EIE— BB BT (one
way ANOVA) #1To7fz, —TEBSBIIIZEBNT, FEENRDONIEE
IZIZZERE (Dunnett’s post-hoc fRE. 3 5V it Fisher’ PLSD post-hoc #R7E) 12
FVEEEEZRE L, So8ERED o2V EEIT Kruskal-Wallis DJERL

FMREEZITV., AEEZENRRO b 725K E 121X Bonferroni adjusement Z b - T
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Mann Whitney ® U BE%1ToTz, EMF T F/=VBEILBWT, E&E

TRELTOT—ZICBEAL TIEETROFEIEZ AV,
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5. 3 f&HR
5. 3. 1 ﬁﬂ¢tginéﬁ%I2bnﬁyﬁ§

FD2, TD2 RUCD2 FIZEENB T =AT A, FABL v A7 F—NVR
W ARF u—NLEE% Table 2 IT7RT, CD2 FDOF = A7 A > (128,358.9 ng/g)
X TD2 (48,673.2 ng/g) =° FD2 (57.6 ng/g) LB L THEIETH-o/, CD2
DX A ¥ A > (100,767.8 ng/g) b E 7= TD2 (37,994.7 ng/g) <° FD2 (69.2 ng/g)
LHEB L THREETH o, FD2 HDA 74—/ 4.0 ng/g BH & izp3, TD2
RUNCD2 TidHENenolz, CD2 D7 A AT 0 —/1id 42.4 ng/g FRH &
N7=Dizx L, TD2 1% 22.4 ng/g. FD2 1% 4.0 ng/g Tholz, Zh b 3 BEDH

BHZ BT A= R v ¥ & 81T CD2>TD2>FD2 DEIZEVMEEZ /R LTz,
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Table 2. Phytoestrogens contents in fish diets using LS-MS/MS analysis.

Diets Genistein Daidzein Equol Coumestrol
Formulated diet (FD2) 57.6 69.2 4.0 4.0
Trout diet (TD2) 48,673.2 37,994.7 N.D. 22.4
Carp diet (CD2) 128,358.9 100,767.8 N.D. 42.4

The data of fish diets were represent total ng/g diet. N.D.: Not Detected (less than 4.0

ng/g). Data represents the mean (n=3).
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5. 3. 2 fRHFO=X bl EE

LZRERFOR-F NV v —BI L HBERLERMRICE TS hER-ak U
IR BT R b A UfEEY Fig. 112, ZhbDT R haFUElE T A RS
TA—N-17pRE L THRE L/ME (B2 #E(E) % Table 3 (T, l3?7“11/9 =
= #—¥iz & BEEFLERT O FD2, TD2 KU} CD2 1> hER-alZx$ 3= R |
a4/ UEEIE, FRENRHBARLUT Ch o7 (Fig. 1-A), hER-BIZXT 5T
A b UEREE, CD2 O E2 EET 39.91 ng/g M S, fOFEHIR
HIRALUFT TH-7 (Fig. 1-C),

- Ny u=F—BIZ L HEERLE% D FD2, TD2 KT CD2 H® hER-ail
MTBTR had UoEEE. ERENRHRALLT, 26.51 ng/g KT 95.91 ng/g
B &h- (Fig. 1-B), FD2, TD2 XU CD2 H® hER-BIZHFTHTR ha
X, FRENBRHBARL T, 29526 ng/g BT 758.54 ng/g R s hviz (Fig.
1-D),

B-Z N b= F—PIZ X BEERNEHZIZEIT S TD2 KO CD2 @ hER-BIZx%Y
TBHxTR by AEHIE, hER-allx T 5EMH L B L T 10 fFRERVVEEZ
RLl, ZhbfstoT R ba s Eiid CD2>TD2>FD2 DIRICHEHVMEZ R L

7’4
—o
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90 } —o—FD2 (A) | —e—FD2 (B)
——TD 2 —a—TD 2
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-

-10 . . 2 A . . ; ) . . . . .
0 39 78 156 313 625 1250 2500 O 39 78 156 313 625 1250 2500

Concentration (ug/ml) Concentration (ug/ml)

Fig. 1. Dose-response curves of agonist activity for FD2 (O and @), TD2 (A and
A) and CD2 ([] and M) using the yeast antagonist assay system for human estrogen
receptor o (A and B) and $ (C and D). Fish diets with (close circle) or without (open
circle) the hydrolysis were showed. The values of antagonist activity were represented
as the rate (%) of CLN intensity (T/B). The all data represent the mean (n=4).
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Table 3. Estrogenic activities of fish diet for human estrogen receptor-o. and f using

yeast two-hybrid assay.

*Estradiol-17f equivalent (ng/g)

Diet hER-a hER-$
Without With Without With
Formulated diet (FD2) N.D. N.D. N.D. N.D.
Trout diet (TD2) N.D. 26.51 n.d. 295.26
Carp diet (CD2) N.D. 95.91 39.91 758.54

*Fifty micrograms of sample was used for the assay. Diets with or without the
hydrolysis were also showed. N.D.: Not Detected. n.d.: not determined. The all data

represent the mean (n=4).
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5. 3. 3 {E¥EEAER, EEAKE, GSI, HSIRUGMHP LT as= RE

BEX ¥ 3 |Z FD2, TD2 XUt CD2 %EEI{ZKES?#: D1 %&E5 %63 BHEAE
L7z & & OEEFER MEREROBRFNE(LE Fig. 2 (7Y, AT, R
7, 14, 28, 42 &tﬁ 63 BRIZBIT A IHBOENOICHEEEIRD N2 T

(ANOVA),

HEF % 2|2 FD2, TD2 RUXCD2 2B EBEHY 1| %EE 2 63 RMFAT
Uiz, SB#IZI81F 5 GSI R HSI % Fig. 3 (R, FD2 ROt TD2 fEHEED
GSILiZ, FNFNFEE 127 %Kk K121 % ThoDIZH L, CD2 HREEREITTEY
0.97 % & BEFEVVEZ R L (Fig. 3-A). LA L. Thbd 3 #HO GSIizkiF
HPEEZIIRD bed o7 (ANOVA), FD2 #afH#ED HSI 1%, ¥ 2.38 % T
BHofeDIZR L, TD2 R CD2 #fERIT. ThENFH 339 %RV 3.19 %
ETFBVWMEZRLE (Fig. 3-B), Lo L, Zhbd 3HMO HSIIZBITSFEZE
IO LN -7 (ANOVA),

BEX X 2T FD2, TD2 RIXCD2 2 AEEHY 1 %&E5% 63 AHFAT
Lict DM LT r s = REDENKE(LE Fig. 4 1I27Y, CD2 /GHED
M af = @EIL TD2 AREEREE LB LT, #fF 14 RV 28 HEICHE
WA L7 (p<0.05, Mann-Whitney’s U-test), CD2 #afEBEOIMF YT s =2
JBEEIT FD2 /RfHRE L LB LT, #REH 7,14,28,42 RT* 63 BRICHEICHEM L

(p<0.05, Mann-Whitney’s U-‘test)o IhbfEE SR FaomMP LT

= EAREIX CD2>TD2>FD2 DNETH - 7,
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Fig. 2. Change in body weight (A) and body length (B) in the male goldfish fed FD2,
TD2, or CD2 for 63 days. Fish were fed 1.0 % body weight volume of one of the three
diets (TD2, CD2 and FD2) every day for 63 days. Columns and bars represent the mean
and standard deviation.
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Fig. 3. GSI (A) and HSI (B) in adult male goldfish. Fish were fed 1.0 % body weight
volume of one of the three diets (TD2, CD2 and FD2) every day for 63 days. Columns

and bars represent the mean and standard deviation.
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Fig. 4. Plasma vitellogenin levels in adult male goldfish. Fish were fed 1.0 % body
weight volume of one of the three diets (TD2, CD2 and FD2) every day for 63 days.
Columns and bars represent the mean and standard deviation. Plasma vitellogenin levels
of CD2-fed fish in all feeding period were significant difference compared to that of
FD2-fed fish (p<0.05, Kruskal-Wallis test and Mann-Whitney’s U-test). @ Significant
difference compared to TD2-fed fish °* (p<0.05, Kruskal-Wallis test and Mann-
Whitney’s U-test).
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5. 3. 4 FEGKR, REFE, GSI RV HSI

H¥x ¥ a2 FD2 53 CD2 2B BHEHY 1| REE5 X, FIHRER
E 0.1, 1, 10 ZT* 100 ug/i @ NP iz 28 HRIRE Lz & 2 OEREFERERERK
£ % Table 4-1, 4-2, 5-1 RO 52 1277, FRBEEMICEVWTHEEZERIRO LN
7272 (ANOVA),

FD2 % #5f5 L NP | 28 H j#g#% L7z & & GSI RV HSI % Fig. 5-A (279
FD2 #EEBED HSI 13, £BRBERICBVTEY 2~3 %RBE TS NP BERMIC
BT BEEZEIBD bhkd o (ANOVA), —F., GSI ik, SEBEBRICH
THH I~4%BETE NP BERMICE T SHEEEBD AR

(ANOVA),

CD2 % #fH L NP (2 28 FRIMRE L7z & & O GSI RU HSI % Fig. 5-B IS,
CD2 #fERED HSI IR ER T 3~4%RETE NP BEHMICLIFEE
33D bk o7z (ANOVA), —7., GSI i%, & NP BRERMN CREKTFN
REIIRDONRhrolzb DD, E2 BREFO LM REE Ll U THREEN
ICEBENED BT (p<0.05, Dunnett’s post-hoc BRIE) o

HSI i% FD2 #3fE8E & L# L T CD2 #REEREA K& <. GSI I3 CD2 #afHEE & b

B LT FD2 {RfEEEN/ N EVWVEm 2R LTz,
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Table 4-1. Change in body length in the FD2-fed group exposed to NP concentrations of
0.1, 1.0, 10 and 100 pg/l for 7, 14, 21, and 28 days

NP treatment Body length (cm)
(ng) Day 0 Day 7 Day 14 Day 21 Day 28
Initial 9.95+0.71
Control 10.08+0.47 10.10+0.27 10.20+0.39 10.3410.38
0.1 10.00+£0.32  9.90+£0.33 10.14+0.32 10.16+0.29
1.0 9.82+0.78 9.74%+0.78 9.92+0.76 10.00£0.76
10 10.02+0.78 9.90+0.87 10.14+0.79 10.1210.85
100 9.96+0.84 9.86+0.82 10.06%0.79 10.12%0.79
E2-1.0 9.82+1.23 9.74%+127 9.92+1.19 9.92+1.23

Data represent the mean and standard deviation. The control fish were exposed to the
solvent carrier only (DMSO 0.01 ml/I), and the positive control fish were exposed to

the nominal concentration of 1.0 ug/l of E2.
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Table 4-2. Change in body weight in the FD2-fed group exposed to NP concentrations
of 0.1, 1.0, 10 and 100 ug/l for 7, 14, 21, and 28 days

NP treatment Body weight (g)
(ng/l) Day 0 Day 7 Day 14 Day 21 Day 28
Initial 323472

Control 320434 325431 325431 339435
0.1 301429 306224  314+21  322%18
1.0 209+72  302+7.4  31.1x74 317477
10 320476 331480  33.6%77  342+79
100 311487 317487  323%89 331492
E2-1.0 3124119  31.6+11.6 31.8%11.4 32.6%11.7

Data represent the mean and standard deviation. The control fish were exposed to the
solvent carrier only (DMSO 0.01 ml/l), and the positive control fish were exposed to

the nominal concentration of 1.0 pug/l of E2.

156



Table 5-1. Change in body length in the CD2-fed group exposed to NP concentrations
of 0.1, 1.0, 10 and 100 pg/1 for 7, 14, 21, and 28 days

NP treatment Body length (cm)
(ug/) Day 0 Day 7 Day 14 Day 21 Day 28
Initial 9.50%0.67
Control 9.80+0.57 9.86%+0.64 9.86+0.56 9.94%0.69
0.1 9.64+0.76 9.60£0.63 9.76%0.71 9.76+0.72
1.0 9.68+0.55 9.68+0.72 9.80+0.65 9.68+0.69
10 9.84+1.00 9.96+0.93 10.00%£0.92 9.92x+0.96
100 9.46+0.54 9.48+0.59 9.52+0.57 9.52+0.58
E2-1.0 9.46+0.78 9.44+0.45 9.42+0.58 9.44+0.48

Data represent the mean and standard deviation. The control fish were exposed to the
solvent carrier only (DMSO 0.01 ml/l), and the positive control fish were exposed to

the nominal concentration of 1.0 pug/l of E2.
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Table 5-2. Change in body weight in the CD2-fed group exposed to NP concentrations
of 0.1, 1.0, 10 and 100 g/l for 7, 14, 21, and 28 days

NP treatment Body weight (g)
(ng/h Day 0 Day 7 Day 14 Day 21 Day 28
Initial 30.8+5.7
Control 31.8+£58  32.7+57  33.6+£56  34.7+63
0.1 31.8+£6.0 328464  33.7+6.6  34.7+%7.1
1.0 32.5+5.7  33.6+6.7 348+78  353%+75
10 32.1+£8.1  33.6+£79  34.6+82  352%85
100 30.0+4.3  304%+42  31.5+45 324148
E2-1.0 29.9+6.3  293+6.6  29.8%6.5  30.5%6.6

Data represent the mean and standard deviation. The control fish were exposed to the
solvent carrier only (DMSO 0.01 ml/l), and the positive control fish were exposed to

the nominal concentration of 1.0 pg/l of E2.
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Fig. 5. Levels of gonadosomatic index (GSI, 4) and hepatosomatic index (HSI, ) in
the FD2- (A) or CD2- (B) fed group exposed to the nominal concentrations of 0.1, 1.0,
10 and 100 pg/l of NP for 28 days. The GSI, % and HSI, % was calculated as a ratio of
gonad and hepatopancreas weight to body weight. Columns and bars represent the mean
and standard deviation. *, Significant difference compared to the control fish (p<0.05,
Dunnett’s Post-hoc test).
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5. 3. 5 m¥rIrms=r

HXX¥alCFD2 % EBHEDN 1 %REX. FIHERERE 0.1,1, 10 XT 100
ug/l DNP 228 BERE LIz EZ0MF LT s =V REL{LE Fig. 6-A [T
T, FD2 ZAREEL7-HEX L F a3 O NP IRERTLIRE 7, 21 RO 28 BRIZBIT D
MHETas =@, SRR, NP-0.1~10 pg/l BEH L HIZFEH 10 pg/ml
R Td o7z, FD2 Z#5EE L7- NP-100 pg/l RUNE2-1 g/l RBERIL, AL
HBELCTIRE 7 ARICARCBAEVLPET S =V BREEZ R L (p<0.05,
Dunnett’s post-hoc BRE), 7z, BRE 21 XU 28 A& L ERICAERICHVLF &
FTuy = BEER L (p<0.05, Dunnett’s post-hoc fR7E)

HEXX¥alcC22EAGFED 1 %EEZ, MIHIRERE 0.1,1,10 XU 100
ug/l O NP (2 28 AIIRE L7 & & Ot U5 0 5= BEZILE Fig. 6B I0F
To CD2 ZHEEE L 7- % BEER T NP-0.1~100 g/l BEFHOBRE 7 BRIZBITS
M as = BEIXFEY 100 ugml BETHY, SRELLEBELTEEE
IR 5N o7z (ANOVA), LA>L7ed5, NP-100 pg/l BREE 28 BRICR
WTOLMBRLEBLTHFRECHVWLFET 2 /= OEMAFRD iz

(p<0.05, Dunnett’s post-hoc 7€), FD2 #AfExiREE & bz L T, CD2 #REExTH

i 10~100 FRRERBEOL T 0 = ELE LT,
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Fig. 6. Levels of plasma vitellogenin synthesis in the FD2- (A) or CD2- (B) fed group
exposed to the nominal concentrations of 0.1, 1.0, 10 and 100 pg/l of NP for 7, 21, and
28 days. Columns and bars represent the mean and standard deviation. *, Significant

difference compared to the control fish (p<0.05, Dunnett’s Post-hoc test).
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5. 3. 6 MPRTaA FFELEYV

XU ¥ alZFD2HDWVIECD2 #BEHED | %EE 2. THRERE 0.1,
1, 10 T} 100 pg/l O NP 12 28 ARRE L/ & & O TS, 11-KT R E2 RE
% Fig. 71T 7

FD2 ##&fEL7- NP-0.1 BTN 10 pg/l BB IZRIF 2 MF TS BEIX, HREEL
B L CTHEBICIEVMES R L2 (p<0.05, Dunnett’s post-hoc fR7E). LA>L. NP
REERE ICKTE LEARRECIAD LT, ThLLSORBEHICZEVTIX
5 10~15 ng/ml OEEEFEE THB L= (Fig. 7-A), —F5. CD2 Z#fEL 7= &
BRERICBVT, FREHMICEERZIB DO (ANOVA), L L
RARL, ERERO TS BEIIRER L UKL THRICEELZ R L (p<0.05,
Fisher’PLSD Post-hoc #8%E), %2 NP-100 pg/l BBER TiX 0.5 ng/ml 2B THHF
IZIEVMEZ R L7 (Fig. 7-B).,

A 11-KT #EEiL. FD2 GEEEICIVTIZ NP-0.1 ug/l REH CTETIRREZ
RIERBRALNTELDODOFEZEITRL (ANOVA), REFIERARETHH

(Fig. 7-C), —5. CD2 #EHEICE W TIIRBEHMICB T 5FEEZIHED LN
ozt DD (ANOVA), xHBEE, NP-100 pg/l X TF E2-1 pg/l BREEREIJIREE
A& LB L THERICIEMEZ R L (p<0.05, Fisher’PLSD Post-hoc #R%E). HFiZ
NP-100 pg/l BREERE CTIZFEH 0.3 ng/ml & FEFEIZEVMEEZ R L7 (Fig. 7-D),

M E2 AL, FD2 &5V ik CD2 #fF NP BEH L TIZBWT, RKERE
LiZBD 5§, F 250~1000 pg/ml 1E & THB L= (Fig. 7-E and F), W
NOBRBE L AR L OFEZIRD SR> (ANOVA),
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Fig. 7. Levels of plasma testosterone (A and B), 11-ketotestosterone (C and D), and
. estradiol-17p (E and F) synthesis in the FD2- (left sides) or CD2- (right sides) fed group
exposed to the nominal concentrations of 0.1, 1.0, 10 and 100 pg/l of NP for 28 days.
Columns and bars represent the mean and standard deviation. *, Significant difference
compared to the control fish (p<0.05, Dunnett’s Post-hoc test), and °, significant
difference compared to the initial control fish (»<0.05, Fisher’PLSD Post-hoc test).
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5. 3. 7 HAf EROD, MROD Kk U GST &t
FD2 $» 5\ ¥ CD2 #5 % NP % 28 AMRE L= tEX X a Off I/ m Y —
A1 EROD & U MROD &% Fig. 8 IZR"d, AFI 7 v —A3i1}5 EROD &
" MROD i3, FD SR CTRIERBHICISAEZITLENROONT
(ANOVA)., ¥3 0.1 pmol/mg/min §i[# TH 7= (Fig. 8-A),
" —%. CD2 JEEBETII NP-100 pg/l RERZBR\V =SB ER TEH 0.1
pmol/mg/min Bi# T -7z (Fig. 8-B), NP-100 pg/l BBERIIMEEL LB L T
3 ERERMELR LS, HEEALEREERD bhibr>72 (ANOVA),
FD2 3V I CD2 #5% NP % 28 AMBRE L -HEX ¥ a lZBITHHFIZ
1Y — LD GST % Fig. 9 ITR T FI 7 v Y — L 8iF % GST FHEikiX, FD2
HBHNWE CD2 25 %27:% NP REBICLIIARZIRDOURN- T
(ANOVA), LA L. CD2 #fE&EiT FD2 #ARERE & ol L TREVEEZ TR

@g’.?)o 7o
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Fig. 8. Levels of hepatic EROD and MROD activities in the FD2- (A) or CD2- (B) fed
group exposed to the nominal concentrations of 0.1, 1.0, 10 and 100 pg/l of NP for 28

days. Columns and bars represent the mean and standard deviation.
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Fig. 9. Levels of hepatic GST activity in the FD2- () or CD2-fed group (L) exposed
to the nominal concentrations of 0.1, 1.0, 10 and 100 pg/l of NP for 28 days. Columns

and bars represent the mean and standard deviation.

166



5. 4 BE

VAR, WL ELEHEDOR 7 V—= v JIZBT 2RRIEDRRE L EE
BB D AR ENTWS, LaLedd, REOEYTa =V EARTE
e Licin vivo 227 ) ==V 7RBICBV T, RBYMFOAFCERIND
HIREASPAEO T e =V EAILEXZEEBIIALMA TR, £, Th
HEBIFICIITR b a S URIERETRTHEBT A P S U BEEhTEY., &
BILEYE L OHMEERVEZDOND, B3, 4EIBWVWT, THAT Y —
=V SRBRIZBVWT, FEFAPOEY A b S U ERRLBRZ R SV
EMZALNCTILESEEZ R L, £ CAETIE, @RFICEEh5HEY
TA MRS L NP OBAREEBLRALHITHILZERICLI

¥9°, FD2, TD2 RU'CD2 FIZEEND S =RAT A, A B A 74
—VEURZ ARTFe—VEBEHE L, Znb 3 BEOFERHNIRT HHEY =
Z b a s oE X CD2>TD2>FD2 DMEICEVVEZ R L7, \iZ, FEFEEFO
&7W?D:ﬁ—fmiéﬁiﬂﬁﬁﬁmxﬁémmﬂ&v%uﬁﬁémzbu
FUEMRREL, B2 EEL LTEHLE, I u=F—BIZ K DER
SLPRHZ 31T B TD2 KU CD2 ® hER-BIZx$ 5T R b w7 &ML, hER-all
X HIEMEL B LT 10 BRERVEEELRL, BLELAROBRERE
i, ZThof@Blox R b ua s & CD2>TD2>FD2 DJEIC&EHVMEZ 7~ L7,
& 52, FD2, TD2 RTRCD2 2 AAKESHY 1 %EEX 63 AMAT L7k
U ICBITAMFET r Y = BELRRICREE L, CD2 AFEEEOML
FETFu s = REIL TD2 AREERE L LB L T, #RfH 14 RUN28 ARICAEICH

AU, FD2REABEL LB LT, #8607, 14,28,42 RN 63 BIZLICAEIZHEM L=,
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Ihb 3 EEOREBEELLEX VX aohF TS = VEEREIR
CD2>TD2>FD2 DIETH -7z, Bl EDZ L h 5, FD2, TD2 KU CD2 HIZE &
3T X bas U WEX. CD2>TD2>FD2 DJEICEVZ L B3R RR ST,

Iho 3EEOEEID S L, FD2 MR b a S U REFEE, CD2 24
Y X ra S UEERFERE L, ThOoE TN ENEX NP (228 AMREL
HEX XambPerTrul=rRUKERT oA RRLVECERE RS CYP 1A
RO GST EMEICRIETHE LR, FD2 25X lEX ¥ a THHRERE
0.1,1,10 X Tt 100 pg/l ® NP % 28 HHIREE L7z, £TD NP BRERIZE\T HSI
ROGSHIZABEZREIRO LT, MBED GSL I ETOHE L RKRDO LA
NThote?, —F, CD2 # 52X ZWMED NP [TIRE L X ¥ a2 T
H HSI RO GSI KABEARD LN ehofz, THHDZ &b, 100 pg/l LA
TO NP I3HEF X 3D HSI R GST ICHELRZWZ L3RIz, LAl
A D, FIHIRRERE 1 ug/l @ E2 IRERO GSI IR L LB L THERICH
L7, Jobling & 2N, 4 BEDORRBZTAFINT = /) —MLEMEELER
He= < R Oncorhynchus mykiss \ZHMBE L, MP LT o/ = EE L NEMN
TR ha s rOEL, EHICE GSI OBADITENLDTR hu U RIEAICE
STHIEBISRIZEBEL TS, ZThbDZennb, E2 & CD2 FIZEE
NEZZRA Pa U HFPEPEAELENODOTR ba S URIEBICX VX X
g DRBRBEZLZAR LI LAWRRENT, 2D, CD2 2#5272£T®D NP
%ﬁﬁwGﬁm\Hn%%itéT@NF&%ﬁ&%&bfﬁwﬁéﬁ?@ﬁ
WZhole, TNHLORRGEKL, CD2 FOT R hua /U &HME. HITHEHT R

raeZFrOERIZEY GSIOBDVEZFELEZEEX LN,
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— Rz, AT A RELVEVOLPRBREOHERIZT 4 — RNy 7 BBIC X
STHTHREENTEY, £RHBHREALVEVBEFLVEY (GoRH) & 4%
BRI A LTS (GTH) 20 L TREREICHEEB SN TVS, REICBNT,
B TIZ, GTH ORIBIZ L > T 11-KT BAREN., TNIEFEREETS
5 W, LiddoT, ARTA huf o= R hayfrip 4R R b
a5 B OBBIR ST, AFERCESERTIENY Tide, RIKRTE-
T RS- A TER R O R EIEE LR S W, JIRMROIBHESCATERE OFAE
EEBIEBITILNELLNDS, I TAFETIE, EYH=X br i &Kk
VEESHEFAE 55X NP KRB LIZEX L X aOMERAT oA, FELVEVEDER
{BIZDOWTCERE L7z, FD2 &5\t CD2 # 5% 722 To NP BRERIZE VT,
HeF ¥ 3 i TS RO 11-KT REICH 2 REKFOLZEBITRD N2 p
o, LxLARRS, CD2 25 %72 7ToH NP BE#HOMSP TS XU 11-KT #
Eix, BERTCLBLTHERICBA L. EHICTFD2 25X 7£TO NP RERH
LHE LU TBWMEZ RTEMICH o7z, FROBEN T =T A ZRELL
SURRZBVTHESNRTVWSE P, ZhbnZ b, CD2 HIZEEND S
ZATA VR AR VEOEY T A IS BT ba S URIERETRL,
HEXF¥aofd TS & 11-KT OAREHH L, ERE LT GSI DD Z25| &
ELEZEBRTRRINTE,

—%. FD2 HBMICD2 25 %2742 THO NP BREFICBWT, X Faod
fuef B2 BB 5 AR R BT R bz o 7z, Villeneuve & 291,
MRE L= HE= A Cyprinus carpio ZB\, 4-/ =NV 7 = /) —NOMFHERT v

A RARNVEVRUBETFu A=V BIZRIETEELZRMNL, TN REBRERRM
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BN TELIZERD b Eh ot LBE LTINS, LisLARsb, Giesy & 7
H77 9 b~y K3 —HifR Pimophales promelas 1< 0.05-3.4 pg/l ® NP % 42 B
BREL., HERUHAOLY E2 RECEEREELEZALLBRELTWVD,
FFFEITIBV T, 100 pg/l LT O NP i3#* > ¥ = O E2 ARICHBEY 5 %
F* Villeneuve 5 & RI#RDHERE2 B2, NP BAEOEBWICEY ED LS iZmFx
zFuEV%&K%@%&ET#@%@@%%#B@&fuxwﬁbéo%&\
BEHMELICHEI =X baF vl L v e L b #%IM:%‘E&6AZ\E7)§&>5°
IhE TREZAVASU» L ELLEDBEORERMEIT o725 OB,
R EEHF/ N AR CORBREEROERINOHERT a A FRLE S ORIER
HEVITbh TRV, KRBT, TR b U EREERVCEEFH
BE52x NP ICREBELIZHEX L FaDERAT a s F‘n“\/we‘/gcowu:obf
MMz RATz, ThotERAT A FRLVEVORIEIR, BT a5 =S0FH
AL F=—H—LBRT B & TV HERICNOWH < EALEDE ORET
MHxITZDbDEEZOND,

imz%#kt1muMNP§§#®m¢E%mE:VﬁEM\ﬁ%ﬁ&m&
LTHRE 7, 21 R0 28 BRICBWTAHRISHEM L7z, Thorpe 5 *& Tyler 6
) = e A 4 ) =N T = ) —V (4-+NP) ZIRE L., BEKRENL
ET = OEMN 14 BRICBD bz & U R/INEEEE (LOEC) iX 16 pg/l
TholLBELTWS, %7z Jobling 5% P, 2 ERDHE= U~ ZARAIT 4-1-
NP%ME@&ﬁb\MEC@%MuﬁT%Okkﬁ%LTMéo:hB@:
EXV, 100pyl DNP IZEXF U Faombrrurf=v 2 EELELTRX has v

RERERTZENTREINTE, LOALARYBL, ThOoDMELHBRL T, &
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FUE¥aOMPLTFuslf=rREEIND NP BEXRR-7, —RIZARD
%ﬁaﬁm\ﬁ%<%61mmﬁﬁﬁ(ﬁﬁ%ﬁ¢\ﬁ§méﬁﬁbﬁwk
2k ARRER EEAKE —EREZ L ICESERRLERHRT D) RUNRAR
KR (—ERET—EBREOLEYE L2 ELFAT AN —BEEREANED S
EolTkEIzii L, A—"—Ta—LzKidkE s 5) @ 3 2FERH D,
ZOHT, FiARRERIZ OECD ORB~=2T7 AV O THHELTVD X DI,
CBRLEE LORBRFELS, (LEPEL AV ERERR CIIRRORKELE
TAHRBERRELLE L T50, NRERFAMBE T, AR E ¥
LEARXRBRBSHAEN TS, KEOERTIE, REOPKAERBELERAT
ERNZLRPEHMOEREER L CRIEAXRRICI2BBERRLEALL

Lo T, ZTRNETORE LB L TREFENRERDIZILHERL. 51,
REEIR IR RN MEEREORERMLZRET S L L HIZ, 10-100
ug/l O NP BE&GKEICRE T Ty Famb T o=V BEIRETERY
REF L2 oan,

BEAT, ABELAVCRELEAY IR b s VREE (@) U
YV REBRAALIRT D/ =T /= (BEWY :NP), 4-+-F 7 F N7 =
J—)V (4-t-OP), FDMTAFNT = ) —NEDOREEREZ[H] E2¢ OBEHEE
RBRIZL>TREL TS, NPRUS--OPITWV TN HBEERFHICAF VT A
haZ U ZEE (0) LREAMEEZRL, £OMEMESREIXENENE2D/1/10,
1/5C, e bR by URERE (o) ICHTIHEE (W HE20#31/2,000~
1/3,000) & HEL CTHRWESHEZRTIEEFRLE, £, £OMOT VX
W7z ) —=VEIE B MRS EEE~BTREORBEERALNDEBDOD,
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BLEAHEDRNGLRCFALT 2 )=V THUI100, 4--TFNT = ) =T
1/500C. EHE D ) —< VEEETIIVTRHETHO1 L FHOVFEXHSHRE
2RL, PEEEICOVWTHRKORBREITo KR, E2L B L T, NPIEK
1/110& & MZHRTH3EOMMEERELTT I LE2TR L, SHIT, il
AEDOR UPZABIZ OV TINPOZAEEERBREToLHR, vIFa7

(EARIBIZEET BT AV VEA L IRORE) oFEFE (VH Y FEEG KA
4 2) TIRM0DHEXERBEELRL, I aZBE (VVV FEE FAA
¥) Tk, 81/1,000THo7cE LTV, ULl end, EHESLREOR
VWIZE D, NPREDOD T X hu S U AEHEITR R ZBRZEE TR L35S
R EN, 5%, e RABEAVWERAZ ) =V JBRIZE - TNPZE DT
RN ELEMEO TR b a ¥ U RIERAEZFMEL, £/, £E-X bus
VRBEOEENICEIT DHEREIC OV THRETT D LERH D,

CD2 %25 %7- 100 pg/I-NP BREHOMP T 0 = BEIX, XHREEL LK
Lfﬁﬁzsa&®$uﬁwaEK%MLtoitcmz%ﬁztﬁ%ﬁom
FET oS = BEILFD2 &5 X foxiFREE L LB LT 100 FRRE®RRE TH-
2. Pelissero Hi% P, F=2XFA v FAE¥L v, A7 A —NVROT ART R
— VDT R a A oiEEE, | ERDIRY T F aUHF R Acipenser baeri DY
Ful=UAREEEL LT E2 LEBRLTHEELTRY, ThoE2TOME
BB ET e = OBRESIEREITEREL TS, TRHDT LMD,
CD2 FIZEENB TV =ATAVRFABA VU REDEYT A Rr SRR b
S URRIEREZRL, X o FaomPerra /= EAZHELII LHR
WEhiz, ThET, HROMBFAFREEZERLZHEOLT B/ = BRKIC
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RETEEIZLALTHMINTELT, ROU»EULFEHEDOR 7 V—=
v VRBICBW TR RHRASIMERA SN TV S, Zhbid, BRRANCT T
WA Ml U EICRBENTWAZ LERLTEY ., @RFIZEEND
BT husy ERBYWRITT R bu S UREEICN LS SRS
2bhd, BRLLT, REWEOZX b/ URIEAEBRERFRIZT 52
bLhRy, ZhbDZend, FARFOEHTX bu i HERMETR b
a7 R OLEERTR I,

CD2 % 5% 10 pg/l D NP #RBLHEX L Faohh T ol = REIX,
BREE 7, 21 R0 28 BEICHTHRBAMER LR L, fild NP RERIT 7 A0 D
21 BRICHEIMER %2R L7z, Panter & *IIHLT R a7 U ARHE D ZM 189, 154
ERBBT 7Y bAy RS/ —ZRBELEHER, E7 0/ =V EEORD %5
XEZL, TR A UEREICHLTT Y I=XA MUERA LI ERELT
W3, 7. AXH Oryzias latipes Tid, HTH@EP v VEANRHTR b
RS UHEE LTALN TS 4 E RaXiFEX T T7=0ih ), BRERRF
HicHE Eh Y, ChOoDFEEZSALT, P 7=2=AXXRUP NI TFV
ZRDHT R ko F U ARERARBE LN ENTVS ¥, ZHE T in vivo RERIZ
BT, NP TR b UHRERIRBRESH THRV, §%. NP O X
haly . TraI= MEERIZOWTHIFMT 2 LERH 5.

CD2 #5.% 100 ug/l ® NP (Z 28 ARERE L BEXF X a TR DI 7 v Y
- —2AH EROD XUt MROD #EtEid, MEHENICABREITROONR 1272 b D
DORIBEEL B L TH 3 BRERMLA, —F. FD2 2 52X &FRWED NP (28
BLEBICBVLWTHRERKIC, HEHEHCERZEIRBD NN, EHIT,
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FFI 7 m Yy —5f GST {EHIC OV T HREMRIZ FD2 H5NE CD2 25 X 1o &R
BV THEHEMAREEZARD bW o, Arukwe b L 4-/ =V 7=
J =V EREBKBEEY 4 Salmo Salar DIEE 1 kg H7-9 1, 5, 25 R 125 mg
BEL, FI/7nY—AlBI2E6RYMSCRIETRRERAIL, 4/ =
NT = ) —VIRBREY 7 izxt U THRKFRRFI 7 1 Y — 5O progesterone
6-, 16-, K&} 17-hydroxylase JEH# D> & EROD & Uf UDP-glucuronosyltransferase
EMELEEREOTALREL TS, 26D &b, 100 ug/l LATO NP i
HE* ¥ 2 OFF CYP 1A & GSTREMICHREREBE 5 X2V I EBRTRINT,
E BT, Arukwe HIXZNE TREX AWFRICIBW T, NP 34T CYP 1A &
2B SE, CYP 3A # U RUEDEHEZEMSED LB/RELTWVD,
—75. WILIED NP ﬁ%c::»sb‘é CYP1A & CYP3A 7 A Y 74— LDO&EEIT,
INFETLee biZLoTHESN., 7y MFBFIZIWT NP (X CYP 1A &%
RHIHI L, CYP 3A IEMAHETEL LTS M, 2zhwxic, ThbOB
FiL. NP OF—HAMRISICEERRFIZRLL TS0 LT, 5%, NP
D CYP T A Y 74— b L DHEERR R4 2REREDNP 2B 5 CYP
1A, CYA 3A RO GST {EHEOFED 2\ i3mEIc RIETREEZRIM L 2R2THT
RBIRY,

UEloz Xy, MpET el EREERLE LIEAZWBA EEDE
DT A ba U RERAMERICEBWT, FIHERERE 100 pgl O NP %, #H¥
XL TR b URIERER L, BEHTX oSSR FE FD2
EEZEHEX X a3, APFET el U BEREEICRDL, =X e S Uk
YEIZ R L CERBRSESEZ T I L RR SN, §%. NAW»ELFEDE
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