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ABSTRACT

Estrogenic chemicals and natural hormones, including 17-estradiol (E2) and
estrone (E1), are known to disrupt functions of the endocrine system of aquatic
organisms. E2 and El1 have been detected in sewage treatment works effluent and
estuarine waters. Moreover, there is little information on the effects of E2 and E1 on
reproduction of marine fish. This study investigated the effects of E2 and E1 on
reproduction of the estuarine fish, Java medaka (Oryzias javanicus).

Starting from the embryonic stages, Java medaka were exposed to 9.5, 16, 68,
159 and 243 ng/L of E2. Accordingly, E2 exposure induced vitellogenin in male, the
appearance of testis-ova and inhibition of fertility. Similarly, Java medaka were exposed
to 39, 198, 484, 1188 and 3701 ng/L of E1. E1 exposure=also induced vitellogenin in
male and inhibition of fertility. The fertility of Java medaka exposed to 16 and 68 ng/L
of E2 was significantly lower than that of control. However, fecundity of the fish
exposed to 68 ng/L was stimulated. Some male fish exposed to less than 68 ng/L of E2
seemed to exhibit androgen-inhibition effects. Suggesting that spermatogenesis of male
fish can be inhibited by E2. Therefore, sperm motility in Java medaka, as determinant
by the ratio of motile sperm and swimming velocity, was investigated to clarify the
cause of the inhibition of fertility. Results show that the ratio of motile sperm of fish
exposed to more than 34 ng/L of E2 for 4 weeks or more was significantly lower than
that of the control. Additionally, the swimming velocity of their sperms was also
significantly lower than that of the control. These results suggest that E2 may have
inhibitory effects on the sperm motility. As reported by other researchers,
4-tert-pentylphenol inhibited P450 11B-hydroxylase mRNA expression in medaka (O.

latipes) and suggested that 4-tert-pentylphenol may have inhibitory effects on the



synthesis of testicular 11-oxygenated androgens through downregulation of P450
11B-hydroxylase expression, a key steroidogenic enzyme in production of
11-ketotestosterone. Consequently, exposure of Java medaka to E2 could have inhibited
the synthesis of 11-ketotestosterone thus affecting sperm motility that leads to inhibition

of fertility by exposure of E2 and estrogenic chemicals.
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Fig. 3: 96-well multi plate for ELISA.
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4: Selection of approximated curve for vitellogenin (VTG) analysis. Low VTG
concentration and high VTG concentration were selected linear curve and

exponential curve, respectively.
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. 6: Vitellogenin analysis for ELISA

. 7: Preparing of Tissue specimen using Technovit 7100

8: Survival rate of Java medaka exposed to 17B-estradiol at 13, 43 and 89 days after
hatching.

9: Hepatosomatic index (HSI) of male Java medaka at 187 days after hatching in
the control and 17f-estradiol exposure groups. (*)Significantly different from
control (p<0.05). Data are shown as mean + standard deviation.

10: Hepatosomatic index (HSI) of female Java medaka at 187 days after hatching in
the control and 17f-estradiol exposure groups. (*)Significantly different from
control (p<0.05). Data are shown as mean + standard deviation.

11: Gonadosomatic index (GSI) of male Java medaka at 187 days after hatching in
the control and 17B-estradiol exposure groups. Data are shown as mean + standard
deviation.

12: Gonadosomatic index (GSI) of female Java medaka at 187 days after hatching
in the control and 17B-estradiol exposure groups. Data are shown as mean =+
standard deviation.

13: The number of eggs for Java medaka in the control and 17B-estradiol exposure
groups. (*)Significantly different from control (p<0.05). Data are shown as mean +
standard deviation.

14: The number of matured eggs for Java medaka in the control and 173-estradiol
exposure groups. (*)Significantly different from control (p<0.05). Data are shown
as mean + standard deviation.

15: The number of fertilized eggs for Java medaka in the control and 17-estradiol
exposure groups. (*)Significantly different from control (»p<0.05). Data are shown
as mean =+ standard.

16: The fertility of Java medaka in the control and 17(-estradiol exposure groups.
(*)Significantly different from control (p<0.05). Data are shown as mean =+

standard.
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17: The hepatic vitellogenin (VTG) concentration per protein weight of Java
medaka in control and 17B-estradiol exposure groups. (*)Significantly different
from control (»p<0.05). Data are shown as mean + standard.

18: The hepatic vitellogenin (VTG) concentration per liver weight of Java medaka
in control and 17B-estradiol exposure groups. (*)Significantly different from
control (p<0.05). Data are shown as mean + standard.

19: Sex ratio of Java medaka at 89 days after hatching (a) and 183 days after
hatching by secondary sexual characteristics (b) and at 183 days after hatching by
histological observation (c).

20: Histological observation of gonads in the control (a) and 243 ng/L treatment
groups (b and c). Arrows indicate oocytes.

21: Survival rate of Java medaka in control and estrone exposure groups at 33 days
after hatching.

22: Hepatosomatic index (HSI) of male Java medaka at 243 days after hatching in
the control and estrone exposure groups. (*)Significantly different from control
(p<0.05). Data are shown as mean + standard deviation.

23: Hepatosomatic index (HSI) of female Java medaka at 243 days after hatching in
the control and estrone exposure groups. Data are shown as mean + standard
deviation.

24: Gonadosomatic index (GSI) of male Java medaka at 243 days after hatching in
the control and estrone exposure groups. Data are shown as mean + standard
deviation.

25: Gonadosomatic index (GSI) of female Java medaka at 243 days after hatching
in the control and estrone exposure groups. Data are shown as mean + standard
deviation.

26: The number of eggs for Java medaka in the control and estrone exposure groups.
(*)Significantly different from control (p<0.05). Data are shown as mean =+
standard deviation.

27: The number of eggs for Java medaka in the control and estrone exposure groups.
(*)Significantly different from control (p<0.05). Data are shown as mean =+
standard deviation.

28: The number of eggs for Java medaka in the control and estrone exposure groups.
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(*)Significantly different from control (p<0.05). Data are shown as mean =+
standard deviation.

29: The number of eggs for Java medaka in the control and estrone exposure groups.
(*)Significantly different from control (p<0.05). Data are shown as mean =+
standard deviation.

30: Fig. 30 The hepatic vitellogenin (VTG) concentration per protein weight of
Java medaka in control and estrone exposure groups. (*)Significantly different
from control (p<0.05). Data are shown as mean + standard.

31: The hepatic vitellogenin (VTG) concentration per liver weight of Java medaka
in control and estrone exposure groups. (*)Significantly different from control
(»<0.05). Data are shown as mean + standard.

32: Sex ratio of Java medaka at 243 days after hatching in control and estrone
exposure groups.

33: Histological observation of gonads in the control (a) and 1190 ng/L treatment
groups (b).

34: The observed chamber of paraffin block for sperm motility.

35: Observed chamber of ink print’s slide glass for sperm motility provided Prof.
Kagawa.

36: Histogram of swimming velocity in different time zone, 10:00 (a), 13:00 (b)
and 16:00 (c).

37: Hepatic vitellogenin (VTG) concentration per liver weight in control and
17B-estradiol exposure groups for sperm motility. (*)Significantly different from
control (»p<0.05). Data are shown as mean + standard.

38: The ratio of motile sperm of Java medaka exposed to 17B-estradiol for 1, 4 and
8 weeks. (*) Significantly different from control (p<0.05). Data are shown as mean
+ standard deviation.

39: The swimming velocity of Java medaka exposed to 17B-estradiol for 1, 4 and 8
weeks. (*) Significantly different from control (p<0.05). Data are shown as mean +
standard deviation.

40: Relationship between VTG concentration per liver weight of Java medaka and

swimming velocity of their sperms in control and E2 exposure groups.
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OE THNMBHREIER DY 27 %88 L1284 NP X°BPA £V & E2 D)
AT 5 U A7 BEWATREM N B 2 6D, £ 2T, BEF THit
ENTnpHT A hary (B2 BLWED RBEMN, WEAICKLTED X
D IREBE RETONERALNCT D2 EERFEROAME LT,
TR Fusy (B2 BEWED) ORSMEEIEN 2N 2I2H720, F
FUIA 2 OFERME B2 361T D /N2 % (LOEC: Lowest observed
Effect Concentration) 35 & OVHER % (NOEC: No Observed Effect
Concentration) ZH G0N THZ ENMETH D, Rk, AEEZHWTE
BABRT, BOEMORMI 21T O BEFEM R E2MThh T& e, Lo Lits

TiX. NOWREWEITFEICE S W I ) RIRRE THOWRICEE LY 5

v?

A AFERBIC R A LIET EMESNTWD 2 &b, AT TIERS



ZNLSOEEA TRl § 2 Z ENBETH D, ThbDI b, =X b
0y RBEORETHIET u S =V BEOHIE, RESERICHT

B PEINRTNEIT R D BB AR~ DR L A R A & LTz,
o, EREICKIT 2 BBFEFECERE L BRET2LHRHINATH Y
BIRE L AT 5 2 LT, 20 ORI AR T 2 MFER~DN W

EAEROU 27 5HIli 21T > 7,



2-2 Bk E J5ik
2-2-1 HABRA

AREBRTIX, WET V7 OREAIRITERT DV Y U A X H (0. javanicus)
ZBrf L LTI INATBAE N WP N K ERF SRR b3 5- S,
BV B RS /REE A BV e B B L BB W 9 & o 7 — CRERB B L 72 b
DThD, ZOVY T AKX L, AR ZBIE2T 2 2 LT L v bk
2-3 BAE CHEREFIRINATRE T H W (AR D, 2001), I3 » H &9 W
W TS %, Oryzias J& D CTIXMERK~OBEINERITR b EWETH 5 & #H
EHEN TS (Inoue and Takei, 2002), BIE XKL ThH Y | H/BE & RS

Xk A&7 (0. latipes) DEIBEFRMEIZIFER T TH S,

Fig. 1 Java medaka (Oryzias javanicus)



MEREDHBIE, BLFIZEE U7z IRV DEWNZ K> TTT o 72 (Fig. 2),
(1) MEOBEEEDOTRITIE LN TH L0 O A TN XX TH D,
(2) MEDOEIEDIERITT N TERmB DI L TV L3, HEOHEITRMO

=D DFERD IR LTV TH D OFESRIT I LTV RuY,

(3) MEDEERITITFLEAZRE N R SRV, DL A IIBIETE 5,

Fig. 2 Secondary characteristics of male and female Java medaka (O. javanicus).
This illustration is reprinted by the integrated book for the biology of the Medaka
(Iwamatsu, 1993).



FEEFEFIAN D50 () 245272912, 10 L OgEiEK 2 A
7230 cm KA (23 cm x 44 cm x 30 cm, KAE& 10L) ICRALTZY ¥ U A X
71 O/ 3 B3 L OWE 6 BAINA Uiz, BEKRIT 26°C. SLEBIE 14 K]
BISRE, 10 BRERIMESR0E, M IREIL 32-34 %ok LT, = ELTCT 2T 7
> 77 A (BASF JAPAN Ltd.) TIHFEIRIV LTz Artemia nauplii (Fi{b1% 24
RIS s hsth~ Y v T v 7)) CWERAT NIy (T 7
Uy N UBRRASH) ZHNLSHRELI- b0 E —BIC 34 BEERE LT,
INHOERERMET 2 EMBIEEE L, 5572 % 2E BRI
2o PHITREE R ZHD BRI, FERBIMEE T TN 22 L T 7 2
Yy —L— (HEf 45 mm, S 15mm) ([JINAE LT, 8RB Z21T 9 A,
SAEINE 3 YimEa /K FEAK (Fehisk Tk A th) (IR T 1 b

JVER 2 i L 7=,



2-2-2 RBRYE
AR E I, B2 (WMEE>98.0 %, 70747 A7 RAath) &2 v,
E2 OEfiE 71 (Kang et al., 2002) [ZLAFDE@Y TH 5D,

(1) Bm#EwHK 7 o~ 27 7 7 4 — (High Performance Liquid
Chromatography, LA F HPLC) A7 & ko (Ftflisk T 3Emka)
ZIRBELE L. 100 mg/L @ E2 ViR & /ERL L 7=,

(2) 100mg/L 7& F KN D A7 7 A2 |THEEE D, =7 L— 3
VFTT R bR SET,

(3) 7k b3 %, MEOBMALZERINL TAX—7 — Tl S
. I mg/L ® B2 KEKZER LTz, 7255, 1 mg/L @ B2 FHJFIEIE
2 & |2 HPLC (Table 1) THIE L. MIE L7z IR 2 P ERIR

DI E LT, REREITRD L ICKIREX O KIZHRIN L7,

Table 1. HPLC conditions for 17p-estratiol analysis by UV detection

Column Inertsil ODS-3V, 5Smm, 4.6 x 50 mm
Eluent Acetonitrile : 50mM phosphate buffer=45: 55 (pH2.3)
Flow Rate 1.0 mL/min
Detector (wave length) UV (210 nm)
Column Temperature 40 °C

Column Oven HITACHI L-7300
UV Detector HITACHI L-7400
Pump HITACHI L-7100
Degasser HITACHI L-7160

Integrator HITACHI L-7500




2-2-3  17B-estradiol 7V 5 A 7% A 7 VERBEDFHE
HRIBIZBWTE2IIND (<1 ng/L) 75 19 ng/L O#iPH TR S iz L
WHEINTWD (Fi s, 2003), ZDOZ b, FREICHWD B2 KEE
Xz 10ng/L BL P30 ngLIZRE LT, £/, RV T 47 ar bmn—nk
L T200ng/L BLO500ng/L 3% E LTz, BEOBANGERIIL, Z0%
IO DI = LTk, 70 F DCHKRERD T v — L —IZIXL
K U7, B2 10, 30, 80, 200 5L TN500 ng/L KEREL, 8 DDOHF
AV —L— (BEf£45 mm, S 15 mm) 124 20 @ OIN (BFF 150
ff) ZINE L CRERRAIT oz, MK (B2 28 £RWIEEIEK) 13,
6 DD T A ¥ — L —IZ4 20 fFTZ DI (Gt 108 i) Z A L CEllik
BiTol, TRTOHTAV ¥ —Lb—% 26 CIZRELTLA v FaX—H
—PICIAE L, BERKIIE AR L TREUKEIT o7, BERGE.
MEALEL 2B Ui bR 2 L7, £, MMz L7z B3 (LT, 7k
B30 bRHIL, REX I L ICEE LA KE R Lz,

FBEFMGER ., ARV A ARKRE LR DHIZHO0T, 100 mL, 300 mL B LT
25L DA T A= —IT % TRBEIE ZMkGE L. Bof&iIZIIn 7 2Kl
(23 cm x 44 cm x 30 em, K= 10L) TR 2 £ TRIBF 1T o7, Rk
. SRR OPEINNZE LTtk PESMICBIT 27 — 2 (PEUREL. RognsL,
SHEINEE L O ER) ZRODHT-OIC, 25L T T AE—T— KE&E?2

L) (CHE2 BB X OME 4 B2INA L., B&iEE Ak L7,



2-2-4  REBR/KTH D 17p-estradiol I EE/SHTH X OKEHIE
E2 IREDREZITO 12D, ZART T 4 A7 ZHOWTREKF O E2 %
FEFRH L7z, RIS R 0@ 0 175 72,

(1) B 47 mm O LRTT 4 A7 (fEK 3M, SDB-XC) % W5 i
PEEICEER L, A /=1 10mL BLOEEHMAK 10mL 27 1 A7 1T
WKL CarysTysvra=rraiiol,

(2) Dtk fAEK 300-500 mL A K LT E2 ZEFAfhH L, 10 mL O
BARIKTT 0 A7 &g Lz,

(3) B, 10 S3RBI 26 CTF 4 A7 AW s, A%/ —/L 10m
L TE2 ZzisH ¥z,

(4) BWHIEAZ ) —/VITRERE TERELL, E2ELISA ¥ v h (A=
YA 1l I VAR EH) EAWT B2 BEOREZITo 72,
m¥. WEFIEIME~ =27 Vit T,

7. BEHIMTOKE, EERERE (DO). pH B XU IRE &R
FER 2 L ACHIE Lz, KIRIET O F KRS (7 XU VRSt | e
FIREIT DO A —% — (Model58, YSD ,pH % pH A —# — (D-24, HORIBA) ,

oy I BRI o3 &t & O CRIE L7z,



2-2-5 FFlgE L OVERR ORI ik

BB TH, ADY A XITEDET200-500 /L D7 =) FmH ) —
U (RIS T3S AE) TRk LTz, REB L OEEZER, BE
LU Ol A figh UFIE &2 R0E Lc, ¥ o7 7 3 fBese R E A (Table 2)
0.5mL ZRIL, ~A 7 rKRETFAH— (7 AU U LEth) #HWT
A e Uiz, Fodit . 1050 (10000 x g, 10 57fH, 4 “C, KUBOTA,
5922) LT b7z BiEA VTG AEREE L, HIE £ T-80 C THFEIRAF
L7-, WPl H#% ofmERIT 10 %Ad~ Y o CEE L, %ISR &
L CAEREELZRE Lz, £72. IFEEE (Hepato somatic index; LA T,

HSI) B L OA5ENIRIESE (Gonadosomatic index; LL . GSI) #&EH L7-,

Table 2. Composition of protein splitting
enzyme's inhibitor

IM Tris-HCI (pHS8.0) 2 mL
3M Na(Cl SmL
NaN3 50.0 mg
Aprotinin 3.3mg
p-APMSF 252 mg
0.5M EDTA 10 mL
DW

Total 100 mL



2-2-6 JFBHHETOET vl = REORIE

VTG & IFHECRr B 72 2 X7 TH Y | IS 37 ORIEFME TH D,
REPICZ R b AR E NPT D L HETH->TH VIG BFFEI N
Do ZOZEMNL, T A Ma U RRME OZBERBRICKE T, D VTG 7%
BT X ha b URRWERBEOIIEOO LS LT D,

Il IR T > VTG JREEIE, BERGERIERE (ELISA) (CX VY HIEL,
FgEEH 7=V B X ONFEERY O % X EEHT-V OREE L TR
L7, HEIZHWETY v U A X VIG FiikiE, Oh) KERAHEE
& — W P XK EERIRSERT D — Rl L b i s e b O & N T
fT-72, ELISA (Okumuraetal., 1995) ZLL FOFINETIT -7,

(1) —WwHEOREMEL .~ 7 a7 L— kDK
10 pg/mL O i VTG-IgG % & ¥ phosphate
buffered saline (LA T PBS, Table 3 /) 100uL
ZUWIL. 4 CT—MiAf o FaX—Ta LT,

(2) 7uvxr T 1%BSA (VUMET VT IY)
% & Lo tris-buffered saline (TBS, Table 4 Z; L
T TBS-BSA) %4712 200 uL oML, 4 C
TH4RFRILL EA v FaX— g v LT,

(3) i 0.1%Tween20 & & ¢e TBS (LT TBS-T)
T3 [EEE LT,

4) Vo TLBIRAZ U HE—RKOHEM: 7L



(6)

(7)

(10)

(11)

(12)

BLOAZ U H— % 1%BSA BELW 0.1%
Tween20 %% Te TBS (LA T TBS-BSA-T) THAR
L. 702100 uL 328 L, =BIE T 4 FRfi A
VX aX—v gL,

Peid : TBS-T C 3 [FIYEF L7z,

TRBURDUIN 1 0.625 pg/mL O B A F R
F(ab’), % &7 TBS-BSA-T % 4% /%IZ 100 pL 9>
WL, EIRT2HMA o FaX—T a3 L,
Peid : TBS-T C 3 [HI¥EE L7z,

Horse radish peroxidase (UL HRP) fFak7 &2
YOI : HRP #3722 % TBS-BSA-T T
5000 FFICATIR L7242 1245702 100 pL 97280
L. IR T 1-2 BE&E L,

P - TBS-BSA-T T 3 [P L7z,

Fefh, - AIREE 0.02% R LK FE & & T 3 mg/mL
DT7x=LrTIV(0IM 7By Ty
—) & 7UT 100 L T L, =&, Br T
30014 ¥ aX—Ta L,

FEAZ IR o IN BREE A 45702 100 pl 323N L
72

HE:~A 77— ) —=X—%H\T, 492



nm DY SEEETHIE Lz,



Table 3. Composition of Phosphate buffered

saline (PBS)
NacCl 80¢g
Na2HPO4-12H20 29¢g
KCl 02¢g
KH2PO4 02¢g
DW
Total 1000 mL

Table 4. Composition of Tris buffered saline

(TBS)
IM Tris-HCI (pH8.0) 20 mL
3M NaCl 50 mL
DW
Total 1000 mL

HEZEITIBICIE, FRLEFEND T L —MIOWTRAZ U F— R = L2
J7- (Fig. 33MH), 1 o7 ricHox 23 2 =) LLEREZITV,

VDI D& AT v Lz,

O Samples

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

Fig. 3 96-well multi plate for ELISA.



A M — ROREREMIRZ KD DB, VIG (KR EIXERX. VIG &SiEE
TRk (Fig. 4 2H),

ELISA OB L7 v —F ¥ — MI Fig. 4 B LW Fig. 5 =5,

Low VTG concentration High VTG concentration

A Ar

» »
» >

Fig. 4 Selection of approximated curve for vitellogenin (VTG) analysis. Low
VTG concentration and high VTG concentration were selected linear curve
and exponential curve, respectively.

. S A4

Y Y Y Y
YAntibody

Standard or sample

Antibody coating

Incubation of sample and standard
Incubation with biotin-labeled F(ab’)2
Incubation with HRP-labeled avidin
Enzymatic color reaction

SNk W=

r Biotin-labeled F(ab’)2

«ml' HRP-labeled avidin

Fig. 5 Principle of ELISA for VTG analysis



Liver sample

Homoginize
A 4

Centrifugation

10000 x g, 4°C, 10

A 4

min.

Supernatant for ELISA analysis

Antibody coating

\ 4

100 pL/well of 100 pg/mL VTG-IgG in PBS
4°C, overnight

Blocking

200 pL/well of TBS-BSA, 4°C, 4 h

» Incubation of samples and standards

v

Wash using plate washer with TBS-T
100 pL/well of samples and standards in TBS-BSA-T
Room temperature, 4 h

Incubation with biotin-labelled F(ab’)2

A 4

Wash using plate washer with TBS-T
100 pL/well of 625 ng/mL biotin-labelled F(ab’)2 in TBS-BSA-T
Room temperature, 4 h

Incubation with streptavidin-HRPO conjugates

\ 4

Wash using plate washer with TBS-T
100 pL/well of streotavidin-HRPO conjugate diluted 1:5000 in TBS-BSA-T
Room temperature, 2 h

Enzymatic color reaction

A

Wash using plate washer with TBS-T
100 pL/well of 3 mg/mL o-phenylenedismine in 0.1M citric acid-phosphate
buffer (pHS5.0) containing 0.02 % 1N H2S04

y

Measurement using plate reader at 492 nm

Fig. 6 Vitellogenin analysis for ELISA



2-2-7 JFligHHER O X R DEER

DC Protein Assay (Bio-Rad) #H\\\TH L /X7 DEREEITH T2, X /N7
DEBEAITIBED A K 24— RIZiX BSA Z AV, BeREMIC AR &2 1T > THE
el R 7z, £lo. VIG MERF DY > 71T TBS-BSA-T THRAAT
STHDERWEN, 2B 378 (BSA) BNEENRTWHI20,
B R DERELT O BEOY T FIR 21T 5 5O Pl ik 2 v

T2 2B, XN EEOTFNEIL, MEO~=2 T WVIZHE-> TTo T,



2-2-8 AEFEBERREAR DR 15

TR TIRITHR N~ Y CETE LTSk O ATEIR 2 5 U 7o, A4S
B2JE LI RBICAFERZ MK L, Technovit 7100 (Kulzer) % AV Cal#
L7= (Fig. 7). @##%, 270 b—2%2HAWTRE A HY) L, hematoxylin
} & W eosin Yt (BLF HE Yefh, Table5) Zfi L CRFBAMSE F TR %
1T 72, Technovit 7100 | & 2 @D FIEA LL FIZR LTz,

(1) [EE : k% 10 %ifEKA L~ U CEE L, 0BT S =% AEm
A L7z,

(2) Ve REKICS ZIZERIEL, Frdpo DIRE 5 ST,

(3) BiAKSO %I ) —/LE 100 %X /) —/LF CRBEMICT L a—u
BEZHT-HOIRE L, EHBOIKEI T2,

(4)  TIHIRE : 100 %™ % / —/LB L OVEHK T (Technovit 7100 7 %
100 mL, Technovit 7100 if{LAI 1 & 1 giRE LIRS E7-H D) &%
BIRA L. ZAUTHIAK L7 AFRR Y > 7V % —BiRiE LTz, & DO,
INOZAEMIEIIC2 ARE L, 72720, K [ITR{EL TH

Ao 721, BrivWallg 1ok L=,

\

b—

(5) HE AR (B T & Technovit 7100 fE(LAIT % 15 : 1 Tk
A Lllcb o) ZaMRICEW TARERRE 2 Adv, ARy 7 v
2 AMIRIE LT,

(6) U] :# BAER RTrUT LT 7 (HESHREASH) TR

BEL, 270 b—AT57um ([ZHE#E LT,



(7) fhE: EO LR EZ2 LT —F EokSlicES, Ay h 7 L—
e HAWTHEI T, HE%, FIETI1 ML S w7,
(8) Yt LT — h RlHEIE-1%,. HE Y204t L7,

ekl s, AR ZAWTE AL,



Formalin fixing

Rinse DW 5 minutes
v

Dehydration

50 % Ethanol * + *2h
80 % Ethanol * « +2h
90 % Ethanol + *+ < 2h
95 % Ethanol * + *2h
100 % Ethanol = + < 2h
100 % Ethanol * « < 1h

v

Pre-infiltration

100 % Ethanol : Solution I (Liquid 100 mL + Hardener I 1 g)=1:1- + +24h
*24h

100 % Ethanol : SolutionI =1:1 - -

Embedding

\ 4

Slice using microtome

A 4

Extension

Extend using slide grass warm plate
Dry 24 hours at room temperature

Staining
Hematoxylin solution * * + 15 min.
Rinse by flowing water * * * 5 min.
Eosin solution * . * 3 min.
Rinse by flowing water * + * 1 min.

A 4

SolutionIT (Solution I : HardenerI=15:1) + + - 48h

Drying and inclusion

A 4

Observation under light microscope

Fig. 7 Preparing of Tissue specimen using Technovit 7100




Table 5 Composition of Gill's hematoxylin

solution
DW 365 mL
Ethylene glycol 125 mL
Hematoxylin 1.0g
Sodium iodate 0.1g
Aluminum sulphate 88¢g
Glacial acetia acid 10 mL
Table 6 Comosition of eosin solution
Eosin Y 1.0g
DW 100 mL




2-2-9 17B-estradiol &2 51T 5 EFAMIE B 5 X OG5 iE
NI ELER 23 51272 - T, K4 ORETNE B O 515

IZOWTLLFOmE Y IZfr -7,

2-2-9-1 FLRB X OERIIT 2 REFn 51

AR d L ORI R 2 8GR EE & LT bR, bR 2R,
{KE, HSIFB X ONGSI Z#H M L7,

(1) Wb . BRELEBZ, PEBEEFHLE DY vy —L—Z L7

fbREZHH L7z, BEROFEHITET, RAowy Th 5,

e (%) = sk
7 05 PR AARE O INHK

X100

(2) W b B % BBEFRGE»OIMLICETHETORKEZFHIIL, &4 D

Uy — L — T LM B R AR R LT,

(3) ERBIOKE : REKTHR, ERBIOKRELZMEL, F2RE

X T &I EaERB IR EZRE LT,

(4) JFE+ % (Hepato somatic index; HSI) 3 X OVA FH IR 5 %%
(Gonadosomatic index; GSI) : ZRFE#& T4, MFlgEEL L OVAEJEREE %

FHHIL, HSIB X O'GSI Z#HH L7=, HSI B XN GSI R H HiEiL, LA



To®mY ThD,

JTIEE R (mg)
HSI (%) = X100
AE (mg)

AFERRE B (mg)

GSI (%) = E (mg) X 100




2-2-9-2 FAEREIIKT D BT ik

PEIIZ Lo THLAZINZ, KON, RKEIF L ORMIND 3 i
ST T A OFEFHIIL, FAEREICRH 2 ERMETER & LT, FEIIK,
RTINS, RIS L O RER 2 B LTz,

(1) PEIREL : S2H500, RZHEINE L ORRBIIORET L L, M1 EdH7-

D DREIME AR LT,

(2) RLRAINEL : SZRGUN &ORZFEINDMGTE L, M 1 B 72V DRI

EERH LU,

(3) RN : M1 B H7- 0 ORI E R LT,

(4) SR PEINEL &SRO DR 2 EH I L=, EH R, &
KO\ Th D,
= REINER

ZHEE (%) = X 100
PEINE (B2 K IR+ AR5 K IR + R AT %)




2-2-9-3 ETFus=r (VIG) FHEIIXIT 2HETMEH L

FRBERE THRICREOL BT R L, IS E X — FO RFEZHWT
VTG #EZHIE LTz,

(1) HFIE R H 720 O VTG & : FFlEd R Pl e & 2 [ E L, FFlsE

BEHI-VDOVIGEBEZEHH LT,

(2) oI EH-VDVIG & : fHEFE 32— O EFEEZHNTH

R BEBEOREZITWV., 2o X7 &H-0 0O VIG BA2HH LT,

2-2-9-4  AFERRKERR I X O RIS 5 R T

BB T RITRIRD O AR Z A U, AR IRAERAT A 2 1R L C K
BN TR LT, £70. SR GHEREDFIRIZATV N, AFERRHAR D) 5
B U 7= MfERE & DOFRE A bl L7,

(1) ZEFEMHRR OBIEE - AETEIAEREEA &2 BB T TR L. RO

PER RNt

(2) WM E M5 fiak (552 %, 2-2-1 B, p7) © “kME
Ik, MEHEORIB) 21T o 7=, AR D> 5351 L 7= MErE & o bhigg

ATV, IR O FEIUTK T 2 BRI OV TR LTz,



2-2-10 #REHFHIBEYT

XOEZHMEZHE L, —uh & BT (one-way analysis of variance,

LI ANOVA) THEHT 21T 272, FFE5HO%E 13 Dunnett t #7E, 01T
7255 1 Dunnett T3 36 X O Dunnett C #EIZ L D . xHHRIX & 2252 X T
PEDH BAMREEITR 5T, TRTOMEICIBN T, HEAKLEL0.05 &
L7ce THUD ORFEHFRIENTIX. #EFY 7 & (statistical Package for Social

Science 10.0J, LA T SPSS®) ZHW\WTir-o7-,



2-3 FER
2-3-1 FABEKDOKEER X O 17p-estradiol SRR E

E2 ZBEWIRNZ 1T D AE K OFE KR 25.940.6°C. DO 13X 6.32+1.21
mg/L, ¥ ¥RFEIL 33.8220.9%0, pH Id 7.24£0.55 TH -7z,

E2 JR% % E2 ELISA & v b CHIE L7-fER, 24 FE O V15 B2 SRR E
[ZATHRIX 23 ND (<5 ng/L), 10 ng/L X723 9.5+3.8 ng/L (LLF 9.5 ng/L [X) .
30 ng/L X723 15.5£3.8 ng/L (LLF 16ng/L [X), 80 ng/L X725 68.4+25.1 ng/L

(LLF 68 ng/L [X) ., 200 ng/L X743 15941 ng/L (LA F 159 ng/L [X) . 500 ng/L
X3 24373 ng/L (243 ng/L X) Toh o7 (Table7), LLF, fEREZILB~S

&L, RERE TR ERRE TR LT,

Table 7. Concentrations of 17p-estradiol (E2) in test waters (n=5)

Nominal E2 Concentrations Measured E2 Concentrations'
(ng/L) 0h 24 h 0-24 h?
control ND? ND ND

10 11+3 8+4 9+3
30 17 £2 13+ 4 15+£3
80 88 +9 48+ 18 68 £25
200 186 £42 132+ 18 159 +41
500 249 + 106 236+ 26 243 +73

'Data are shown as mean + standard deviation.
2The mean concentrations at 0 and 24 h after preparation.
*Not detectable (ND) for ELISA <5 ng/L



2-3-2 EBIOERICKTE
AERITHTIRIX Y 85.4+14.3%., FEEXDS 62.8-90.2% DHIPH TH > 72,
KEHRIX & bl LT, BBEX O LRICHEIFIAEREITR D Dol
(Table 8), F7=. Wb HEUIXIRIX AN 163115 A, BFEXA 15.8-17.3 H
DOFIPATH o7z, Wb BB IMERERERIC, RFIRIX & i L TR EREX
RO B> T2 (Table 8), 7236, FLRIT L v — L —mIEHELZFE L

L. b BT b U7 MR 1 R L,

Table 8. Hatching rate and time to hatching of embryos in the control and 17p-estradiol
(E2) treatment groups

E2 Concentrations' Hatching Rate? Time to Hatching?
(ng/L) (%) n (days) n
control 854+ 143 6 163+ 1.6 90

9.5 77.8 £28.9 8 17.2+2.2 120
16 90.2+12.3 8 170+ 1.5 142
68 80.9 +26.8 8 16.7+1.3 117
159 62.8 £29.7 8 158+1.1 97
243 773 +£27.2 8 16.1£2.5 120

'The mean concentration at 0 and 24 hours after preparation.
2Data are shown as mean + standard deviation.



btz 13 B OAFRRICHEBIIRO bRz, Eiz, b 43
HEEB X8 HHDAKRE L FEARIC, XX L i L THE R ZITRO

MR T2 B2 IR FEARAFRIC A TR SRR A 278 LTz, (Fig. 8),

100 r

= M 13days
s O 43days
[

& 89days
=

B

Z

=
5]

control 9.5 16 68 159 243

Measured E2 Concentration (ng/L)

Fig. 8 Survival rate of Java medaka exposed to 17-estradiol at 13, 43 and 89
days after hatching. The bars are indicated as mean + standard deviation. The
bars are not indicated at 43 days after hatching of 243 ng/L and 89 days after
hatching of all groups, because these groups were no repetition.



b te 187 HAIZB T AR EITR XY 0.390£0.038 g, & XM
0.258-0.325 g DHIPH T o7z, KX LI L T, §XTORBEXORE
IZHEERK TR 57z (Table9),

F7o. Wbk 187 BAICH T 2 2RI I A 36,41 1.2 mm, ZEEXN
30.5-34.7 mm O#FH T o7z, FRIX &l LT, 16 ng/L XKLL EDOZ&ER X

DERICABRIK TR 57z (Table 9),

Table 9. Total length and body weight of Java medaka in the control and 17
B-estradiol (E2) treatment groups at 187 days after hatching

E2 Concentrations’ Total Length? Body Weight?
n

(ng/L) (mm) (mg)

control 14 364+1.2 390 =39
9.5 17 347+1.5 32544 *
16 18 340+1.3* 306 £50 *
68 23 326+£2.1% 260+ 74 *
159 12 320£1.5% 264 +£48 *
243 17 30.5£3.2 % 258+ 79 *

'The mean concentration at 0 and 24 h after preparation.
2Data are shown as mean =+ standard deviation.
*Significantly different from control (p < 0.05).



% 187 BRI DIED HSIIFZH XA 1.0203% TH Y, #FEX
25 0.7-2.6% DHEiPH T - 7= (Fig. 9), MLt 187 AT D> HSI I
KXY 1.1£04% TH Y, HFEXN 1.3-223% DA TH -7 (Fig. 10),
KPPRIX & bige U CERE L 12, 243 ng/L X HSIIZH B 72 HEINNGED B
72

% 187 HAIZH T 21D GSI ITRRIXA 04£03%TH Y, BFEX
23 0.2-0.7% D#EiIPH TH - 7= (Fig. 11), F7=. Wbi% 187 BHITH T DD
GSHITIXIRX AN 1.520.5% TH Y | ZFEXD 1.0-1.8% DHiPH Th > 7= (Fig.
12), XKL bl U THEREE 612, TR TOREREXD GSI ([ZHBRAEE

NN Y AWA Y



35 1

(6)
3.0 ¢
%k
25 (6)
$20 - (8)
% 1.5 *(nzél_) 5) ©6)
1.0 +
0.0
control 9.5 16 68 159 243

Measured E2 Concentration (ng/L)

Fig. 9 Hepatosomatic index (HSI) of male Java medaka at 187 days after hatching
in the control and 17B-estradiol exposure groups. (*)Significantly different
from control (p<0.05). The bars are indicated as mean + standard deviation.
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Fig. 10 Hepatosomatic index (HSI) of female Java medaka at 187 days after
hatching in the control and 17B-estradiol exposure groups. (*)Significantly
different from control (p<0.05). The bars are indicated as mean + standard
deviation.
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Fig. 11 Gonadosomatic index (GSI) of male Java medaka at 187 days after
hatching in the control and 17B-estradiol exposure groups. The bars are
indicated as mean + standard deviation.
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Fig. 12 Gonadosomatic index (GSI) of female Java medaka at 187 days after
hatching in the control and 17B-estradiol exposure groups. The bars are
indicated as mean + standard deviation.



2-3-3 BAEIIXT IR

159 ng/L X3 L T8 243 ng/L X Tl 2 TG & 7 BEIREUTEL
EHOHTHoTe, EHIT, FONTINIT X TRRZEIITH Y . ZHEIP
FBE SN2 ol W1 RHT2 D OREIIEITIRIXA 9.0E2.1 fHHTH -
Too MR & HlR LT, BREBEXOEIIEIT 68 ng/L X T 119145 i & FE
R¥NA R L, 159 ng/L KEL ETIIAERME N2 L7 (Fig. 13), M1 /2
H7- 0 OREAINEII R RX 2N 78423 Thotz, RIPRX L L T, 5%
XD REAIIEL L 68 ng/L X T 10.2+4.3 & A E R HNZ 7~ L, 159 ng/L X
U ETIIAERIK T2 L (Fig 14), M1 R H 720 O REINEIIR IR X
N 6523 MTHY ., X EHEIL T 16 ng/L KU EOBRBEX CTHER
K FZE/RL (Fig 15), SZRERITATIRX A 83.2£19.0% TH VD, XX &

g LT 16 ng/L KU EOBBEX THERK T2~ L7 (Fig 16),
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Fig. 13 The number of eggs for Java medaka in the control and 17f-estradiol
exposure groups. (*)Significantly different from control (p<0.05). The bars are
indicated as mean + standard deviation.
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Fig. 14 The number of matured eggs for Java medaka in the control and
17B-estradiol exposure groups. (*)Significantly different from control (p<0.05).
The bars are indicated as mean =+ standard deviation.
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Fig. 15 The number of fertilized eggs for Java medaka in the control and
17B-estradiol exposure groups. (*)Significantly different from control (»p<0.05).
The bars are indicated as mean =+ standard deviation.
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Fig. 16 The fertility of Java medaka in the control and 17B-estradiol exposure
groups. (*)Significantly different from control (p<0.05). The bars are indicated
as mean + standard deviation.



2-3-4 B Trubl=oritktTaRE

IR I D & 2 X 7 PR s L O EE & A I L, SiFlikde i &
Y EHTEDDOVIGIRE BLOMBEESH - O VIG IRE KD,
HED ATl i T 2 > R0 B T2 0 O VTG JEEEII R IX A 0.1 0.1 pg/mg
ThH V. ZEEEXD 0.5-21.3 pg/mg OHFPHTH o7z, HX L LT, 68
ng/L XKLL EDORBERX DX 37 iz O VIG BEICHERZENRD 5
. HEERNF CHRICHEEIN TWDRER E /oo 72 (Fig. 17), HEDFHRE
BH7-0 D VIG BEEITMIX2Y 0.01310.009 pg/mg TH Y, FBEXN
0.026-2.7 pg/mg OHIPH T > 7, *TX & g LT, 68 ng/L XLL D 5%
KOMEERSH - O VIG IBEICHEZRBEMARD bz (Fig 18), F
7o, MEDGA O IRERIZHIE L7 fE R, Mo X o X7 EdH7-0 O VIG EER
FOIBEEH =D O VIG RE L b2, RPRX L g LT 243 ng/L KT

HEREMZR LT,
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Fig. 17 The hepatic vitellogenin (VTG) concentration per protein weight of Java
medaka in control and 17B-estradiol exposure groups. (*)Significantly different
from control (p<0.05). The bars are indicated as mean + standard deviation.
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Fig. 18 The hepatic vitellogenin (VTG) concentration per liver weight of Java
medaka in control and 17B-estradiol exposure groups. (*)Significantly different
from control (p<<0.05). The bars are indicated as mean + standard deviation.



2-3-5  AFEIRHERRE X ORI

iz 138 B ORERT, FELHBIEDOIR, BIERE D5 IkE LUK
ZRDOATAMR/ NG 72 & DI RED G MEREDFIRIN ZAT 572, T H DI
TEREABIEL U5, 159 ng/L XI5 KO 243 ng/L XIZ 1 fE & f)5IC & 7= A
RIZB LT, MR KON (CREEOIZ->E D L) EIR LG
D HNRINoTo, Lo, AETHHRE A 2 7ER LB LRSS, SMEE
REZ> HIE & 5] U 72 25 AR a0 I IECT & 2 2% 159 ng/L T 50% (12
B 6 E). 243 ng/L X T 29% (17 BH 5 B) s biuiz (Fig. 19), £7-,
TS OO TR R AT A A 2 R B O AR TR Ha,
159 ng/L X Tl% 34% (6 BH 2 E)., 243 ng/L X TIL60% (SEF3IRE) T

&»H-7- (Fig.20),
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Fig. 19 Sex ratio of Java medaka at 89 days after hatching (a) and 183 days after
hatching by secondary sexual characteristics (b) and at 183 days after hatching
by histological observation (c).



Fig. 20 Histological observation of gonads in the control (a) and 243 ng/L
treatment groups (b and c). Arrows indicate oocytes.



2-4  BE

AREBRTII B2 VT A THA I NRBRICL DV % T A X I ~DEM
BERAONCT DI EZAME Lc, ZORER, 187 HAIZEIT HKREHIT
9.5ng/L RLLEDZEFEX T, 2RI 16 ngL KL EOZEBEX CTHERIE T %
AL, ZAVET, BAOEMERRE CREENIISEZ SN LWV Il
HHIEEAERY, L LEMBRBEOSRE., b A XD &R DR E
THIZF N7/ =/ (OP) 50 pg/L THEFE L7-fbH, *IRX & il LT
AREBIOEENAEICHD Lz & W) #E (Kndrr and Braunbeck, 2002)
X°, rainbow trout (Oncorhynchus mykiss)% WM HFE A E T 1AM NP 1ug/L
T&FE LTIRER. KENRED Le LW 5 A (Ackermann et al., 2002) 723 &
Do AREBRO X IIEN LA E CORMBELZITY &, BMRZEDY
B AT, EAEMEZDFRENESS 2D 2 ENRBZI LN,
FeE X OFEIRHUIT, SR & il LT 68 ng/L X CTHEIZHEIM L7=H3,
159 ng/L X35 L TN 243 ng/L K TIXBAFITIR T L7z, AX % 273 ng/L D
E2 (27 VT4 7 &FLI=%54A (Sekietal., 2003) . J%f% 463 ng/L @ E2|Z
21 H%E L7-%4A (Kanget al,, 2002), k£ % 817 ng/L ® E2 |2 14 HH
%7 L7-%4 (Shioda and Wakabayashi, 2000) ., 1660 ng/L ¢ E2 (2% L 7=
%% (Nimrod and Benson, 1998) |2 & ASEBRFIREIC, PEIREAME T L7z &
HENTWD, E5HITiE, fathead minnow DA H . lifa%E 105 ng/L D E2
(2 19 AMY%E . EEIREMETT L7z & 8E ST D (Kramer et al., 1998)

DO SCEME L 0 & 2372 DKW Seki et al. (2002) 23R4S L 7~ B 20 i %



X, X U AX DK UCEINAEN S &S 2 SN REREIL, AX D
DHEE LD BIRWER L 22070, REBRORERIL, A& E2 IRET
ITREOEINZHET LW TRETOMELE BT ThoTo,

ARIEBRIZIITD 68 ng/lL KIZEBH L THD E, RIX L g L TR
TAEBIRT LA, FEIEUTA BT L T, FESREUIMEIC X 5
WEERLIHE TH DI, SRERITMERER T 233 23 HMIEE Th D, =
DOIEFEX OMEDIIFAIE 2B Lo & 2 A, MERFIIC B 2o @IARITRR
LRl L LR B IRVERIC Ko THERERIBI 21T - 7265 R
RN B TR TR OHIE D T E R WHERIARBEIR TH - 72,
Arcand-hoy and Benson (1998) &, HED “IRMEOFIZEIZIZT > Ka U Rn
HIETHDLEWMELTRBY ., AFEBRD 68 ng/L UL FOFEBX TlE, B v
TAZIKLTT » Fe s AERER LN LEZE X bND, Zhb
DFERNE, 7T FuF U BEET MO FIRRIC bR E L T/ER, =
FEERMET L2 ERRB I,

Flo, REBRIZIWT, B2 IREOHMNT 5122541 T HSI 23N L 72, 243
ng/L X HSLIZX X & bl U THE 2R NZ 7R L7z, rainbow trout & A
T A ka4 T 5 ethinylestradiol 10 ng/L (25 L7234 (Verslycke et
al., 2002), A ¥ 7% NP50 pug/L 1T L7256 (HMAS, 2003) 1ITHA5E
BRIFIERIC HSI MM L7z L ST D, TRHORERNS, B2 B I
T A b7 URRWE FREE I X o TITIEC 31T 5 VTG DAERMIEHE S 4, T

IEEBEOWEINNSIEE I SNTZOTERWNEEZ BN D,



A X T % 55.7 ng/L T B2 ##& L7484 (Kang et al., 2002) . fathead
minnow % FJHAATE BE L2 30 H IE] 50 ng/L T E2 2 L7=3%4 (Tyler et al.,
1999) 1T, HEF T VIG A EICHEEIND Z PGS TND, AFEER
IZBWTH 68ng/L UL EORFEIXTVIG NAREICHFEINTEY B2 2%
IZED VIGHEIZEH L TIND L RROEZMETH D Z LRI d,

AR O X D12, BB 5 B2 13 KT 23.7 ng/L L ST 5,
ARFEBROFE R SZHEICxd 5 E2 O LOEC 1316 ng/L T& Y .NOEC 1% 9.5 ng/L
Thoto, BEFTHRMEIND L D7 B2 RE CREMESCSZEROK T
M| ZRZ SN END, TNHOUHRIZER L TWL VY U AKX L
DHT A NS KT DR MEO mWEFEIZ T LT E2 SN IR ELIE

Mg & s RS s,



B{IFE TUx U RAX A (Oryzias javanicus) DAEFEREIZ KIET
estrone 7V A TV A I NVEREDE
3-1 ¥5

HORE ) 5%, E1 78 0.7-105.6 ng/L O#PH TR SN TEY, b
ORI A BT 280 DITH BRI BIE Shiz Ll sh T (o,
2003, 2004), =512, D grey mullet (Mugil cephalus) 7>51XE\V VTG
RELHREHINTHD, ZALOFETIE, FARLEE S OHKPICE
FNTVD E2°El AR ORBUIK L THSWRE/ER 25l 2 L
TWD ERIE LTV D, [RIERIC, BAYE CTHiJ& L 721D flounders (Platichthys

flesus) 7HiE VTG EESRH S du, BEIIARO b LM ST
V% (Hashimoto et al., 2000) ,

RIETIEY Y U AZ HICxT D B2 BBOFELZRF LIz, B2 BT O
CIRIRRIS, WEPEFALT T D N WMEELO I 1372 <. 2D hTH RIS
TINTATHA I NVRBROBEIRIFEA LR, T TAERTIT, P
TAZ Tz HNTEl DT)VT A TH A 7 ViRBRZ1TV Bl 23ERE RT3

LCEDEI R ELBRIETONPALNNITLHZ 2 HME L,



3-2 PEHE GIE
3-2-1 HEBRA

B2 BT IRIRR, BB VD Rk E A B G R BRR B e v % —T
REIBE L TWD Y U XX T (0. javanicus) %W TRERZIT 72,

BRAOFERINCE L CidEE 2 & (2-2-1 Bk, p.7) &SH

322 HBWE
AREBE T, Bl (MEE>98.0%, FOEHISE TEEMRASH) 2 vz, El
DEIRITEIZLL T OEY Th 5,
(1) HPLC A % / —/L (Fthlisk T3k iatt) 2988 s L, 100 mg/L
IR FRL LT,

(2) 100mg/L A%/ —NVIEiK A PEIFEIKE L, REREIZR D X 9124

B

TREX DOUEAIZIRMN LT, BRKF D A &% ) — )VEEIX, OECD
A RIA U TED LTV DEARIFIEEE OFFAME 100 uL/L A8

Z IR0 T,



3-2-3 Estrone 7 VI A 7% A I NVEREDFE
HRIBIZEBWTEL X 0.0-153.0 ng/L O#iPH TR Sz E#iE STy
L (FmE o, 2004), ZOZ &b, BEIZHWD ElKIREX % 50 ng/L
BELU170 ng/L ITEE LT, 7o, RYT 472 br— & LT 1700
ng/L 3 LTV 5000 ng/L ZFXE L7z, EEOBHMANOERIIL, EOZMINE
OEFEEDIZT =N LTk, T F DIKREXDO Y ¥ — L —IZINE LTz,
E1 2 50, 170, 500, 1700 353 X TN 5000 ng/L X&ZGHEL, 5 ODOH T AT ¥
— L — (B 45 mm, S 15 mm) [ZEZE 4 25 [EFTE O RGIN (B 128-132
&) ZUNAE L CHRBERREZIT o7, MRIX (Bl 25 £R2WEEEK) B X
OVEBEXTRRIX (50 uL/L A & /7 — V&2 E LK) 1X, FhEi 25 fERiko
ZREIN GHFI132 BXONI28ME) 25 5oDH T A ¥ —L— (HEF 45 mm,

WS 15mm) IZNE L TR AT o772, T XTOH T ATy —Lb—(L26 C

\
5

(CRRE LTeA ¥ a—F —RIZIUAE L, RERifEKI3E AR L Taffi

T

X

H

KaAToTo, REEBIATR, PHEEASHH LR EH I L,

W

BHAETS . FRY A X REX L 7251225 T, 100 mL, 300 mL 3 XY

=5
R

B

25L DA T A= —ITF A TREZMRE L. RIEAITITT T 2K (23

pSity

cm x 44 cm x 30 cm, KEE 10 L) THlREAT 5 E CTHE EITo 72, WL,
KX OPEIRNZE LT-t%., EEINCET 57 —4% (FEIER. AR, =%
RO L ORER) 2RO D12 DIC, 25 L 7 A —h— KERE2L)

WCHE2 RB L OME 4 B2 L, ZRFE A fkee LT,



3-2-4 RERKH D estrone JBE /ST L OKERIE
ElLIREDOREZITI 12D, ZART T 4 A7 ZHOWTREBUKF O El %
BEFEHE U7z, FHHEFIRIZLL FO@ v (1247572,

(1) B 47 mm DT LRTT 4 A7 ((EK 3M, SDB-XC) % W5 i
HEIZHE L, A X /= 10mLBLOEMAK 10mL 27 « A7 1T
WKL TCarsr s va=r 71572,

(2) oD%, fAFEK 300-500 mL % i#E/K LT E1 ZEfEfH L, 10 mL @
BRI TT 4 A7 i Lz,

(3) BEEZ. 10 RS &6l TFT 4 A2 Z S A% 7 —/L 10 mL
TEl ZH S E 7,

(4) BWHIETAZ / —/VITRERE TERELL, E1ELISA ¥ v k (A=
A v I VAR ZHWT ElL IREOHIEZIT -T2,
. WEFIEIME~Y =2 T M- T,

Fio, FBEMMHTOKIE, DO, pH I X OHESREZHE Lz, JE
i U 7o B3 ss 2 3 (2-2-4 SBRKF D 17B-estradiol I 534 36 L UK

EHIE, pl2) 2B,



3-2-5  Jiligd L OCAFER OB IE

BB TR, S00 uL/L D7 = /) XX ) —)b (Fehisk T3R0S
TR L7z, RERS XORRZNER. BIME L I A fE i Ui &2
BE UTze i U7 IFIC & 2 X0 Sy iRl sR P4 (Table 2) 0.5 mL & iR
MU, N REREVFA P =2 AN THN L R LTz, Bg., & 00 R

(10000 x g, 10 77fHl, 4 C) LAz Bidad VIG JlEsteHE L,
TEET-80 CTHARA LT, JPhEH % OfaRIE 10 %R~ Y 2 TH
E L, BRICATEMR 2 E L CATRREEZHIE Lz, 72, HSI B LGS
Z R L7z, HST3 KON GSI OB HTEITS 2 & (2-2-5 ITEd K OVEFER

DERIITIE, p.13) B,



3-2-6 FFlBHHE T O T o = BEDRIE

HTligeRh i P oo VTG #BEIE, B e ERE (ELISA) (2L HlIE L,
JRERH -0 B X OMEGHIE T O X Xy EEHIZY ORE L LTH
L7z, ELISA OFNAITH 2 & (2-2-6 fHlgfh i o 7 v 7 = U RIE ORI

iE, pl4) 2SI,

3-2-7 FBHERFOZ R DER

DC Protein Assay (Bio-Rad) # W\ CTH > X7 DEEEITH T2, ¥ /N7
DEBREITIBDO AL o F— RIZI1T BSA & AV, BEREMIC A IR 24T - Tl
R 2RO, £6, BT s = JERO Y 711X TBS-BSA-T THy
WEITHT2bDOEHWZN, ZNHITIEZ )78 (BSA) BEEinTn
DI, BT DEBEAT O BEOY T ITITARAEAT 5 RO ligdh
e M, v, Z Uo7 EEOFIAIL, MEDO~ =2 T WIZHE->TT

S77,



3-2-8 AFHBHRBRMEARDERFIE

BEAS THRIZ AR L~ U U EE LIz O AR 2 i U7, ASa

bl

BAME LB 2 ik L. Technovit 7100 2 FAWTAIEE L 7-, AlH
%, 2780 b—2EHWCREZ#Y) L, HE Y40 L CORFBMEE T
TBIZ % 1T - 7=, Technovit 7100 |2 X B2 EIOFNEILE 2 &= (2-2-8 AFHER

MFRIEADIERTTIE, p20) 22,



3-2-9 Estrone &2 1T 2 EFME B B L OFHE FiE
N ELER 23+ 510 d 7~ > T, & & OFEEIIE B O FEl 1%

IZOWTLL FOmE Y IZfr -7,

3-2-9-1 BRER L OAERICKT 2B 1k

AR L ORI R 2 B8 HIEEE & LT bR, A 2R,
{KE, HSIFB X O'GSI Z#H M L7,

(1) b=« BEEZBRBE, PMEBZFH LS DY v —L— 2 LI
bRz RN L, MbRoBE R, 2% (2-2-9-1 i JOVER

(R D BRI T E, p24) A,

(2) Wb BB BTG OIHLICET 5 ETOREEFHIIL, £%x D

Uy — L —Z LI EIM L B R AR L,

(3) ERBIOKE : REK THR, ERBIOKREZUE L, F2RE

X ZEIERRB LOEAREL R LT,

(4) JFE+ % (Hepato somatic index; HSI) 3 X OVA FH IR 5 %%
(Gonadosomatic index; GSI) : Z&F&f& T1#% . HiEE &S L O4AERE &S
AL, HSIB X ONGSI #%H L7z, HSI B XU GSI R M AEX, 5

2F (2-2-9-1 fRERB X OVEFRICKHT 2 &N 15, p24) =5,



3-2-9-2 BAREICKT DB T i

PEIRIZ Lo THLATZINZ, ZKEIN, RKEIF L ORMIND 3 i
ST A2 OFEFHIIL, FAEREICRH 2 ERMETE R & LT, FEIIEK,
RTINS, RIS KOS RER 2 B LT,

(1) PEIREL : S2HE00, RZHEINE L ORKBIIORET L L, M1 EdH7-

D DOREIME AR LT,

(2) RLRAINEL : SZRGUN &RZREINDMGEE L, M 1 B 72V DRI

EERH LU,

(3) RN : M1 B H7- 0 ORI R LT,

(4) ZHE=R : EINE L ZINB D EREFEH L, BHTIEZ. F

27 (2-2-9-2 FHAEPEIC KT B BRI 715, p26) &SP,



3-29-3 v7rul=r (VIG) FHEIIxT 5 EEFMEHIE

FRBRE TR OB fH L, IS E X — FO RFEZHWT
VTG REZHIE LTz,

(1) HFiEEH 720 O VTG & : FFlE R Pl e & 2 1 E L, FFlE

BEHI-VDOVIGEBEZEH LT,

(2) ZoIEHZVDVIG & : fHEFEY 2 — DO EFEEZHWNTHY

RIEFEOREZITV., ZoXT8&H-0 DO VTG &2 HH LT,

2-2-9-4  AFERRKERR I X ORI 5 R T
BB T RITFIRD O AR 24 U, AR TR ARAT A 2 /R L C K
BN TR LT, £70. ZRMEED GHEREDFIRIZATV N AFERRHAR D) 5
B U 7= MfERE & OFRE A bl L7,
(1) ZEFEMGHRR OBIEE - AETEIAEREEA &2 BB T TR L. RO
B IEZ AT,
(2) MBI X oM ainds (58 2 &, 2-2-1 3Rk, p7) O kM
U E 0 MEREDHIRIZAT > 7o, TR D & HI0] U 7o MElE & o b &

Ty ZIRVEBO B4 2 B OV TR LT,



3-2-10 REHFRIERNT

BoNTT — 23T N CORE R A TR L, TR X ORE
X DS ZBE L. ANOVA THATZ1T - 72, S0 8 DO% A X Dunnett

tFRE . TR WA 1T Dunnett T3 3 K O Dunnett C FREIZ L Y . kR
X ERBBEXETCEHEODHEEEMRELXIT T2, TXTOREIZBWT, A

BEOKUEIL 0.05 & UT-, SEE RN I Z8EEF Y 7 1 (SPSS) 2 W TiT o 77,



3-3 HER
3-3-1 FBKOKER X estrone EHIEE

El ZBWIRIZI 1T DB KOFE KR 26.24£0.4°C, DO 1E 7.08+0.71
mg/L. Y IEEEIE 33.9+0.3%0. pH (X 7.32£0.50 TH 7=,

El J8£ % E1 ELISA & v F CHIE L7-#E R, XtRXIZND (<5 ng/L), ¥
FI%BRX X ND, 50 ng/L X% 38.614.1 (LLF 39 ng/L [X). 170 ng/L X%
198426 (LLF 198 ng/L X), 500 ng/L X|% 484+112 ng/L (LLF 484 ng/L
[X) . 1700 ng/L X% 1188424 ng/L (LA 1190 ng/L [X) . 5000 ng/L X% 3701
+1262 ng/L. (LLF 3700 ng/L X) Tk o7z (Table 10), LA T, fEREZLH~

5L XTI, REEE TR EREETRLTE,

Table 10. Concentrations of estrone (E1) in test waters (n=5)

Norminal E1 Concentrations Measured E1Concentrations!
(ng/L) 0h 24 h 0-24 h?
control ND? ND ND
solvent ND ND ND

50 49 +7 27+ 10 39+ 14
170 218+ 14 174 £ 16 198 £26
500 578 £42 372 +£20 484 £ 112
1700 1588 +£43 787 + 39 1188 +424
5000 4969 + 183 2534 +377 3701 + 1261

'Data are shown as mean + standard deviation.
2The mean concentration at 0 and 24 h after preparation.
*Not detectable (ND) for ELISA <5 ng/L.



3-322 BRERBICLERIIHNTIE

PR ITRHRX N 93.425.0% ., ZF2 X DN 72.7-87.6% D#EIFH T > 7=, %}

It

FRIX & i LT, BB XOWMERICHFHFAABEZITRO bR o T

Tl

(Table 11), F7=. P LB EIIAHREN 15.6£2.2 B, ZEXHN 14.9-17.6
HTHhotm, RPRXE L T, 484 ng/L XKLL EDORBXOMHEIZH
BBIENTED B2 (Table 11), 7285, ML= IT T v — L —@IEHHE

AR L. BRI UM L R B L,

Table 11. Hatching rate and time to hatching of embryos in the control and estrone

(E1) exposure groups
E1 Concentrations! Hatching Rate? Time to Hatching?
(ng/L) (%) n (days) n
control 93.4+5.0 5 156 +£2.2 121
solvent 759+17.0 5 149+29 104
39 81.1+26.1 5 156 +1.9 95
198 77.5+10.9 5 159+2.6 100
484 87.6+9.3 5 17.0 £2.5% 110
1190 82.1+5.1 5 17.4 £2.3%* 108
3700 72.77+23.8 5 17.6 + 3.0* 96

'"The mean concentration at 0 and 24 hours after preparation.
2Data are shown as mean =+ standard deviation.
*Significantly different from control (p < 0.05).



b 33 B OAEFRIT HIRIX L L THERZEITRD b Lo

7= (Fig. 21),
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Fig. 21 Survival rate of Java medaka in control and estrone exposure groups at 33
days after hatching. The bars are indicated as mean + standard deviation.

btz 243 HAICBIT HEREITAX D 0.27410.051 g, ZER XN
0.217-0.282 g Th-o7-, X LG LT, X TORBEXOEEIZ
IRATRD bgnoTo (Table 12), E7z, Wb 243 HHIZRB T 22k
(3 HRIX 28 323432 mm TH Y, #FTEXH 31.0-33.6 mm DOFPHTH o7z,
KX LI LT, TRTORBROERICAERETRD RN T

(Table 12).



Table 12. Total length and body weight of Java medaka in the control
and estrone (E1) treatment groups at 243 days after hatching

E1 Concentration’ " Total Length>  Body Weight?
(ng/L) (mm) (ng)
control 20 323+£3.2 274 £ 51
solvent 18 323+£23 256 + 69

39 18 323+1.7 254 +41
198 21 31.0+ 2.1 217 £55
484 16 32.1+1.8 255 +46
1190 16 33.6+1.0 282 + 38
3700 18 32.1+1.7 246 £ 42

'The mean concentration at 0 and 24 h after preparation.
2Data are shown as mean + standard deviation.

R bt 243 BRI DHED HSIIFZH XA 0.8+04% TH Y, FFEX
2N 0.6-1.4%DHIPH T o7z, FHRIX & i LT, 3700 ng/L XDOHED HSI
(A BRSO bz (Fig. 22). b1k 243 A-FI2H0T 5> HSI
IRTHRIX2Y 0.8E0.1% TH D, BETEXD 0.8-1.7%DHFIPH T o7, *xFHIX
LT, T RTOEBXOMED HSI I BEREITRO SRR T
(Fig. 23), F7=. Wbt 243 HHIZEBT HHED GSTIEHRFRXAY 0.420.2%
ThHY, BTEXN 03-0.5%DFPHTH -7 (Fig. 24), Wbtk 243 HHITE
(T HMED GSUITXT XA 2.8£0.9% TH VD . HEZ XD 2.5-3.9% DHiH TH
~7= (Fig. 25), ZxFMRX LB L CliEE S BT, T X TOREXD GSI

WCAHABREITRD o T2,
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Fig. 22 Hepatosomatic index (HSI) of male Java medaka at 243 days after
hatching in the control and estrone exposure groups. (*)Significantly different
from control (p<0.05). The bars are indicated as mean =+ standard deviation.
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Fig. 23 Hepatosomatic index (HSI) of female Java medaka at 243 days after
hatching in the control and estrone exposure groups. The bars are indicated as
mean =+ standard deviation.
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Fig. 24 Gonadosomatic index (GSI) of male Java medaka at 243 days after
hatching in the control and estrone exposure groups. The bars are indicated as
mean =+ standard deviation.
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Fig. 25 Gonadosomatic index (GSI) of female Java medaka at 243 days after
hatching in the control and estrone exposure groups. The bars are indicated as
mean =+ standard deviation.



3-3-3 BAEICHTIE

M1 R & 720 OREIIEUTRFRX AN 65229 HTh 72, MK & kL
T, ZBEXOFEINELIE 1190 ng/L [X T 3.4%£2.1 1, 3700 ng/L X T 3.1£2.2
HEFRERIET 22 Lz (Fig. 26), M 1 JBdH 720 OREAIRE TR A
5525 H T o7, RIRX & Hle U TR X O RREAII%IE 1190 ng/L X T
23119, 3700 ng/L X T 1.3+2.0 flil L FERIE T 2R~ L7z (Fig. 27), M
1 BH7=0 OZEINEITTRIX A 4.8+£24 HTH -T2, SIRIX &l LT
FEBIX DOZHREINEIT 1190 ng/L X T 0.9+ 1.2 &, 3701 ng/L [X T 0.4+0.8 fi
EHERMET 2R L7 (Fig. 28), SAERITHRXA 74.8£194% TH Y |
KPPRIX & el L C 1190 ng/L XKLL EOBRBEX THERIK T2 LT (Fig

29),



12 (25)

o | @=37) (35)
_{_ e @D
8 [
(20) (12)
4 * *
2 [
39 198 484

1190 3700

Eggs/Female/Day
o)
I

control  solvent

Measured E1 Concentration (ng/L)

Fig. 26 The number of eggs for Java medaka in the control and estrone exposure
groups. (*)Significantly different from control (p<0.05). The bars are indicated
as mean + standard deviation.
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Fig. 27 The number of eggs for Java medaka in the control and estrone exposure
groups. (*)Significantly different from control (p<0.05). The bars are indicated
as mean + standard deviation.
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Fig. 28 The number of eggs for Java medaka in the control and estrone exposure
groups. (*)Significantly different from control (p<0.05). The bars are indicated
as mean + standard deviation.
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Fig. 29 The number of eggs for Java medaka in the control and estrone exposure
groups. (*)Significantly different from control (p<0.05). The bars are indicated
as mean + standard deviation.



3-34 v rubS=UBEIIRTAE

I i T D & 2 X 7 PR s L OV E B & e L, APl i b &
P EHTDDOVIGIRE BLOMBEESH - O VIG IRE KD T,
HED ATl i T 2 > R0 8720 O VTG JEEEIIBRIX A 0.4+0.3 pg/mg
ThHU ., BEXN 0.3-9.3 pg/mg OHIPATH o7, X &R LT, 484
ng/L XKLL EDORBEX DX 37 EdHi=0 O VTG REICHE/2EEMMAFED
i, HERNPF CHRBICHEE SN TWAER L 72> 7= (Fig. 30), HED T
EEHTZD D VTG EEIIAIEXA 0.054+0.052 ug/mg TH Y | BFEXN
0.031-2.06 pg/mg OHIFH T o7, THIX & iz LT 484 ng/L XKLL D2
BXOIEERH -V O VIG BEICAEREMNRRD bz (Fig. 31),
o, MEDGE B RIRRICHIE L7ofi iR, MED X 37 B&HT7-0 D VTG RE
BXOMBEESHTZD O VIGIRE & HIZ X & il U THE R 2T

DBV o 72 (Fig. 30 and 31)
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Fig. 30 The hepatic vitellogenin (VTG) concentration per protein weight of Java
medaka in control and estrone exposure groups. (*)Significantly different from
control (»<0.05). The bars are indicated as mean + standard deviation.
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Fig. 31 The hepatic vitellogenin (VTG) concentration per liver weight of Java
medaka in control and estrone exposure groups. (*)Significantly different from
control (»<0.05). The bars are indicated as mean + standard deviation.



3-3-5 AFEAREARR L ORI xS A R E

FREEAE TR Ch DM B1% 243 HADOIFRT, IR E O RED
SHEREDHIR 2 AT > Tcs 2D DIMTRE A BIE LR, KES L < I3
IS TE D MR (ZIREEOIZ > D L) ERITE iz
otz (Fig.32).  E7o. AFEMHRTEA 2 (ER UBIEE L7/ R, SMIE
HE IR U7 e & AR eI, TR COBERTEE L TV, &
BT, FERAFICIIMM 2 A3 2 RSO O MBI, 4 El BEEHGED O

nigh-o7- (Fig 33),
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- =
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(]
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0% 50% 100%

Sex Ratio

Fig. 32 Sex ratio of Java medaka at 243 days after hatching in control and estrone
exposure groups.



Fig. 33 Histological observation of gonads in the control (a) and 1190 ng/L
treatment groups (b).



3-4 BE

Cx U A D ERNTEL VT A 7Y A 7 VB AT o Tk R,
X & kg LC 1190 ng/L X35 LTV 3700 ng/L X Clk, b —Z /LD FEINEA
DIeinoTc, 3700 ng/L KIZEWTIL, PEINROBERME T R5 &I S
T, BAEEORTRBD NI, AbD E2 7T A 7% A 7 Vil
IZBWTH, 159 ng/L XKLL ETHEHEREINEOK T REO LN TEY ., B2
[FERIZ, Bl ZRBEPEINEAET HZ LICLD, A RITx L CHEREL KIF
LTWDHZ ENRBEEIns,

3700 ng/L X OHED HST L, XX & L CTHERENZ R L TED .,
B2 2% L [FERIC, Bl #FIC LV VTG DAEK S NIFIRERSHEM L7 5
oD,

F7-. B2 BB CIIBRBEX CRBEIINEE S NN, AEBRO El % T
ISR EIREX O 3700 ng/L K THEZE SN0 o7,

AZEERTIL, 484 ng/L X CTHFIREEH 7=V 862 ng/mg O VTG MiFE X
72 E2 B CIZIERED VIG NFHEINZDF 68 ng/lL KTHY |
ng/mg CT& -7, Panteretal. (1998) % 992.7 ng/L @ E1 #kBR/AK & 100 ng/L
D E2 #ABR/KIZ %% 5% L 7= fathead minnow @O VTG JEENEIZRIZETH 7= L
WELTWD, VIGHEICKT L2 buaF U AGHEIL, Uy U XX DY
B E2IXEl D 7.1 1% (484/68) =< ., fathead minnow D4 E2 IX E1 0 9.9
f& (992.7/100) @&V Z LD, BERZHWT X by g%

HEL7-RER . E2IZEl O 71 EEW s S TE Y (Metcalfe et al., 2001) .



AREBOFER NFFREOTA ba FUd5EEZR LTS, 2 OfER
25, E2IXEl OF 8ERRED= X a7 U AGMEEZ A L TnWD Z L3RR
SN,

WHRIE N HIE, El 235K 105.6 ng/L R &N CTu\5, El %D VIG &
EZxtd 5 LOEC 12 484 ng/L Th D Z &b, BREF O El TlXifEERIIC
xt U CHELY KT ARV E B2 oD, L LAanb, FEks
5 E2 13/ K T21.2 ngL SN TEY, ZNHIEE2 7VvIA4 7% A7
W T RE T2 SEZLZRELIV bEWIRETHD, REPT
B2 X957 El IREOATIRMEERIIK U TRE L KT I rREMEX
RWV2nh LIV WA, BB CIE Bl AEM TR SN TV S b Tk
<. FRFZ B2 o= hr U pE bmtish Tnd, 2o Ln
5. El BEUE2 HAWIZFDOMOT R b 7 U W E N FE L TV 5B

B Cix, Hx B O REETMET 2 UERH DL EEZDLND,
oo TNHLOMBEICEANICERSND & & NS 5 WITMEENICE

BILO0ONEIDHRNTLHIEOEHETHLLEEZEZDBND,



TAE Tx U RAHX L (Oryzias javanicus) D¥EFIEBNREIZ KT
17B-estradiol /X— ¥ VT A TH A 7 NVEBEDE

4-1 &S

KBGO B2 7T A 79 A 7 VBRI W T, BEINEIL 68 ng/L X TH
EAZHEM, 159 ng/L XKLL EOBRBEX CTHEIIK T L, 2 %EIT 16 ng/L X LA
FORBE X CTHEIZIE T L7, 68 ng/L KIZEH L CREEINEL & SRR DA T &
B THD L, EIKITEML TWEDICHEL L, SZHRITETL
TV, PEIRBUIMEC RITTRBATET 5 HE Th Y | SRR ITMEREN
TFICRNETHELZTMT HEE TH S, E2 BBOMEENDS, 68 ng/lL X T

WELMT ST, ©LAENZRESE TV LW

LT LT E2 3

\\\

I EME R D, 68 ng/L XKLL ED 159 ng/L X L TN 243 ng/L X TIXEIN

v?

BOME T Liz728, B2 BNEiEE IS UMl c s U CEEE LY T T O TIE

\

RN EEZLND, 68 ng/L XTI E2 2SMEIIRk U CHERE A KIF L T
RNETHE ZORERXRDDHVITENLLFOREX CZEENMET Lz
LRNIEO HIZH D EEZE 2 BD,

BT A v Th D DES IZWEMS B T, 1960-1970 {2 & b

\

W LTSN ER, BIRICEELZRIFLEZEHRESNLTWS
(Newbold et al., 1984; Colborn et al., 1993), % ® DES ##FAfF#H D~ A
25 BB TG L, 3 5 HBRAIEZ L7zfES., DES BGHHCB W TR T

B, FEBERE, MG EES R &R L THREIET Lz LWl



STW5 (Bb, 2001), F£7z, BPA HEHICBWTHIE T, BT
EEREN A EICIE T Lz, WELEEICRB W T, BREMEEWE OB AL 20T
RTWVEREDOEDTHDL I ERMBLILTND, FRIHER® 24
WAL E REE O Z 5 & RO EIECR TR O ILE 2 5] & i
CTZEBRBOLNTE T, -k hOBE, FEO 1125 2 Nk
HEWE B 0w ET 5L LT, MBRERE, BEMARGE. B
T, R TEBER LOFERR ENFMOEEEL e o T D,

P CIE, AL FE R RIEORFIERMIC B2 JET 2 NS h T
$Y (Gimeno et al., 1998; McAllister and Kime, 2003; Kinnberg and Toft, 2003;
Christensen et al., 2004 ; Miura et al., 2005) . E2 7 /v 7 A 7 A 7 )LiklE T
FERPMET L2 & LT, B2 BREBIC L DR LB - ~D BN E 2
b, FELHAEOME & FERIZ, B2 H DV X a7 U EREIC
Lo THERB IO FICREL X, MRMICBERE T2 EEZ L

DOTIF7WhEB2 N, ZTNHDZ D, B2 BNAFEORBEREA~ZE L
MIF LT ERE LT, E2 ZRESE FEHRRIC LT TEELZHA LT L,
FIEHREN D RETOERDOVE S THINHLMNCT D 2 &2 ARKFER

DOHME L,



4-2 FEFEERERE T O TR
ZNETREORE/EEICEHD LR L LT, FT OMmEIRAFEI O
BIBALA A EENC KETREER 2 EndE S TE T (BPF, 1964; &
B 5, 1973; JAH D, 1973; 3i5,2000; HE, 2003; R 5, 2003), 4151
W (Oncorhynchus keta) . ~ A (Salmo gairdneri) . 7 = (Plecoglossus altiveris
altiveris) . U 719 (Hypomesusu nipponennsis) 3 XA X H (0. latipes)
72 EOWKBICET 2 HABNT L A ETH D, WHEMICET AL LT
IX. 7 v XA (Acanthopagrus schlegeli) F5i DWARIEITS (MIEF, 1988) #5
Wil TR SNT=T B 7~ XA (Branchiostegus japonicus) ¥ DIEBHIE
PE (BER D, 2003a,b) 72 EAMEINTWD, £z, MEOR FEB)GE
BIE LIRS DT ICHiE ST D2, 1EE A EDRKMICET S
DT 5 (Schoenfuss et al., 2002; Kawana et al., 2003; Hara et al., 2007), E2
BBIZL DY YT AL T (0. javanicus) DNG{IEBYEE~D FEE LMY 2
B LT, £ FEBRROWE T IEE BT S NENH D, £ 2T,
AFEOREHEE S LY ¥ U A X I OREFIEBREOWE 712 a L

7’*4
—o



4-2-1 RKFEREUUTHEDORE

b A X DA (Kawana et al., 2003; Hara et al., 2007) . BRE%ZIZ A &0
DI ZTEE LT 250 HERHAWL N TND, Ux TAX T H A
B AFERCHERIEIC X DR T ORBUNTE 208 5 nERe L,
BLTWAHEDY ¥ U XX T % 500 uL/L D7 = ) F o ) — )L THifk
L. IEZEE L TOE FARIUTE 208 9 ik T,

Flo, THT~FAOHE (BEHRD,2003) THWLATWD L HIZ, K
BaglWr U TR 28R I 2 Tk b et Lic, HETEDSE L RIERIZ, Ak
REIEFT L TWDHEOT XY T A X 1% 500 uL/L D7 = /) F T =H ) —)L T
BRI L. BEMERRARS B A L7, Mte. KR AMSIH Y I colr L,
O 6BH LI T2 A 74 K772 RIZOWTz, b A X LFERD
HIE RSB0 (Table 10) 2 AT A K27 T X EOREFIZHRIM L, JL58
WEE T CHT BB 2Bl LT,

BRETORER, Vv VA X WOEREZEE L, HEEEIC LD FoRIE
AT, BT EHEDLIZ LT TEhehofe, WEREIBIC XK 2 ERHOHR
BT 2413 A B R T ~D X A =10 b RN 510, HEHES O
BREUEZATO TR RWEEBZ BN D,

Fo. FHEREZHME U THERAE Y I CTUIBr L72RER, SiErm o Ao
WAENBH LTz, AF4 R I 2 ETZoBH LR E v 4 270 1E
WA IREG L, P T CBlEE Lo 2 A, EBT 2K 4 hk

RYBLRTEE,



INODFRERNG ., FBRAZOIW L T O A8 72 5 Id 2 51k

AW Z EE LT,



4-2-2 KT EBRERAIEGIEORKRR

AT L CWDHED Y Y T A X % 500 uL/L 7= /) F X ) —)b
THIEL, BREBLOERONELIT-7, R L TRRARME L, A5
BREREZHE Lo, i LR A MR Y I TOWr L, Ui 2 58
L 7oRIR 2 R o v A &2 B ERRE AR E A 74 R27 7 2 ETIRA
L7, SEFBEAMBICER L CWDT VAT AT ERBA LT, BT 4H A
Z (DCR-PC300, SONY) TIHEBNREARNT I T — 7 @i 21T o7, v U A
571 % BAIE U T- RS0 DRERE 2 5HAI L. TR TN OIEEEIT o T2 BE %
R[] 2 Fidk L 72,

FFPMBE T ORI LIRER, EEH L VAT A R T 5 N TE
Too TR L TWDENREN- T2, "L Xk LT EMER
DIEFH T TIE7e <, FRINLBRAOFEIHNAELTLESTE, D7D,
L AORERD 445 H 2 VT 10 D056 EE) L TW DR 1278 L
TEY 2B DLELE TN ORFHZE L, Bl TWDIRERH E Y
BlEEcxppolo, BIERERIARGERT 5 & & IS TOEBRIZIZATE A
Wb U, BAEINCITEB L7 2oz, LLARBRL, AT RT T A L
(CORTREEND SR E L Th, 1TE A LDORITEREY 7121372
STELT, DTN LER LT, 10 0 LL B3l LT #I25HA
KD LD IZIEE L TV AR TNV, 1ZE A LD HIXI < b oiE
i L TWAH b0, EFEDEZ L TV RN DTholz, TNLHDZ &

D, fER U TR AL L T b oRRERMAFEK L, ET T AT



TR 5 E TOMMER S EDLERDS L EZ BN,



4-2-3 KTEBRAEHRAT A 7 7 20K

AT A R7T ANHE T & E A IRIK OIEE TR 2 O THREET 2 &
WEUKEDNIEL 72 o T LE D 72D, B AL OEHTMZ TFFTNLEA~D
HBEINEC T LEoT, ZOZE0n, MIEEZITIATA R T7AEZHE
L ClEKREZ /NS <IMA D EDMETH D,

ZIT, O LIEART T ERAWTATA R T 2A%ERL, Blaix
fToTHRI L7z, 278 h—2ZHWTHH 1lem ©/XF 7 ¢ > % 10, 15, 20,
25um DEIZHEYIL, AT 4 R7 TR Eicowi= (Fig.34), =0 EITh
N T 2EN5E, Ay N L—MI 1 SE L0 THE SE-, (Fll
%, ARD X FEERIL, ARREIRE LIcbDEIAA—=TF 2L

AT7A K77 ADKEICIEAL T, B T CRlg L,

Slide glass
ﬁ Paraffin block

Fig. 34 The observed chamber of paraffin block for sperm motility.

F7-. BIRRKFOFNELNE 55 INTA 7 32— ORI XL -

TUzUBNEREINTNDATA RTT A (A 27 HIROE S ZARW, Fig.



35) \C X DHBIELEBRITITHS T2,

Ink print

’_ﬁ ......................................... Cover glass

Fig. 35 Observed chamber of ink print’s slide glass for sperm motility
provided Prof. Kagawa.



IWNTT 4 THERILTZ AT A R T ATHIE LR, EEL WD
TEMERTHZENTE L, XTI 74V DES (IFKEDREE) 7320 um
BLO2Sum DRAT A 77 ATHREET 2 &, KT OWEKRE 2-5 @R
BEICEL, XTI 74 OESNI0mm BERISum DAT A K7 T AD
e, ZOWEKIEN 23 BERAD L2, 2D Z 05 15 um 5 10 pm
UTOXDENES THREET 252, EkEEZ/ NS THZenTE, Bl
BT RDIENGhoTe, o, BIGERFZOFNNEENLE I
TeATA BT TR X HBEORE, HEKEN 12 J8THY, 1ZTEAED
B RBlEEThoTc, 10 um DESONRT T 4 U THERILIZAT A R
TIAXD G BORID/NENST-OTE RV NEEDbNLS, Zhbd

faRND, ZOA L ZHIBD®H D AT A N7 7 A% W CEBREDBIE &



4-2-4 FFFEBRERIERARIEORE

FEFITRRANE T, EOATREN TILER 283, F4H 5 WD
AFRENICHOE S D LB Z BT 5 (BRIFBHE, 1997), U =3k p
CHE SN D LIER2ER 2R L, ¥ U F 3 O X5 RPRKEITERNORE
JEE D HIRWEIRF T, 2 < OWEMDOLGE RN OIREE LV @WK
hCEBNBRMG SN D, £, T B L CIEBIBB A RIS A A
BEICOVWTHEINTEY, KALTUBR 10 mM U EEEFNTNDHZ L
Ca A AV AMEREICHERF SN TNDZ &, 115 mM D Na A A 2E0%E
EEDOPRENENZ & D pH 23957 v VITRTZLTWH Z L L
B, T OEEBGEZIE L TWDERRNTHL E LTS (5, 2000),
VYOS, K AT VIRENBDT L S EBBASG SRS D Z
EDRH LN/ TND (KHD, 1995),

IO ENDL, AXITHOLNTWAHERARIKE . 0o
FHETHOWON TV DIERMARIEEZ BT L, REMRO R 2 —FHE
DARIE 2 D THRT 2 AT o 72, IREEMRKIT Table 13 36 K U Table 14 2%
fi,

I FERALES D THHOMRIEE O TR 2T 1o R, B AZD
THW I TV D HIE AR CIEEE) FEREN 53.8423.6 um/s Toh - 72D
lZxt L, A XD 100 fFRE ORI TIX 67.1227.9 um/s Th o 70, i
MR RDOT D Z ENARERTH B TIIARWA, B2 TR ICKVEFIE

RENMETTAIRE L TWADZ EnD, @E OEFHEKEEDA X (D



DIIRIRX) OFE 725 X D IERITER L CW 2 FOFRIEZ V5 D)
WL TWDHEZEZ, AX D 100 (FHRE O AR 2 - EEhRE & R

WhHZ EE LT,

Table 13. Comopsition of solution for sperm
motility of Japanese medaka (O. latipes )

NacCl 74.8 mg
KCl 2.0 mg
CaClI2 2.2 mg
NaHCO3 2.0 mg
DW 1000 mL

Table 14. Comopsition of solution for sperm
motility of Java medaka (O. javanicus)

NaCl 748 g
KCl 020g
CaCl2 022 g
NaHCO3 020¢g

DW 1000 mL



4-2-5 FETEREEZ ORRET

UX U A IIEM L KIEE = b — L9 iR, e TEINT S,
ZEIC K- CEINMEZHT 2 X5 RO E, &Ml X o TEMRD
WEERDRRDZENEZDOND, LDLRNRL, Yy UAXIRE A
HHO KD R @ECEINRERAEOLA . — H ORI X - CEBEE
ICENECDAREMNE 2 b, £ 2T, FEERED A A8 & 853
DIz, 8D 17 Rk TORERNREZHIE L T, HERF OMF 21T -
Teo WE LR ZOVIE AR ZANE ORET 4 57 (4-2-3 EEREM]IE H 2
TA N7 7 ADWFE, 4-2-4 K IEBERENIE A RIR OMET, p.80-83) |
DRELTZH D& W,

8 HENND 17 B CTO MK HEBNEEDBIZI 21TV, 8 FE20 005 10 BF 42
S ETZ 10 Rehr, 11 FE22 53705 14 KF 05 40 % T4 13 el 16 K5 02 437
5 16 KF 33 70 F Tx 16 Kiir & LT, TN ENOREIATICIT 2 k51 D 1EHE)
B2 e A N7 T ATRUT (Fig 36), A& FEEHEEEEL 10 REE 23 50.1 =
21.9 um (n=1794) . 13 FEHF2 50.2+£21.5 um (n=1909) . 16 KFHr2% 4.01+21.9
um (n=1967) T -7z, 10 FEF & 13 BRI T, 16 BRHHZ a5y
MOTEA (1) MEERICBE LTV, ZRENOREEAZ t BiE THh
ELT-fER, 10 Brfir & 16 BFRHF T 13 BRlF & 16 FElF THERENRD B
Too Flo, 10 FFF & 13 B CILEITHO bR o, THHDZ &
5. K EBIREHIEREH A 10 RFORTR —RERH (9 KD 11 KF) L L, By

s — L CHIEZIT -7,



(2)10:00

500 r
400
300

200

Sperm Count

100

w0 . (5)13:00

400
300

200 r

Sperm Count

100

s00 . (€)16:00
400 |
300 r

200

Sperm Count

100 |

Swimming Velocity (x10 pum)

Fig. 36 Histogram of swimming velocity in different time zone, 10:00 (a), 13:00
(b) and 16:00 (c).



4-3  PPEHE GIE
4-3-1 HERA
E2 VT A 7% A7V, Bl ZIVTA 7V A 7 V2FEE R, B
VR B RFKPEFI B G R A E IS o 7 — THRREEE L TV 5
T X U A KT (0. javanicus) ZRERA L L TITo72 2 & (2-2-1 R, p.7)

e i

4-3-2 REBRWE
RERME 21X, E2 (FiE>98.0 %, T T4 7 A7 kXet) 2wz,

E2 OIEME TR 2 32 (2-2-2 RBWE, p.10) =5,

4-3-3 17B-estradiol X— ¥ VT A TH A I NVFERBEOHIE

R LT ME3 B 250 B — 1 — OKAFRE 2.0 L) IZIUE L, B EREE 50,
500 3 LTV 5000 ng/L D E2 THEEE 1T 270, TN TOREXZ 21 TITW,
1, 4 BEXO 8 WHBELITo7, £72. B2 25 ERW MK THRE LX)
X AERE L, REEX L FEOSRM T 8 HMME 21T > 70, Fik s (2004)
DI KAUE, HEE TIZE2 2 0.1 705 21.9 ng/L OFPH CTHRH I T
W5, SHIZ, BEED E2 7T A 7 A 7 LRk (Imai et al., 2005) Tl
E2 JRE 16 ng/L TEAFGROMENBILEINT, ZNHDZ b, KIKE2
PREEXIT 50 ng/L 3R E LTc, Fo, & B2 IREX TH D 5000 ng/L &

positive effect & U TiE L7z, KT ZVE CORFEAR & FERIC, B



S CEOK LIDIEIR L2 b 0 & vz, ZREHMT, T X CofMEKILE
A #K % = 1k KRB T o 72,

BBETH, OO 1 FEORICY 7V v 7% L, KEBLIOEES
HE L, /o, BFEL Uflgzfit U, IFeEEZRE Lz, 720 0T
lEE O HSI 2B H L7z (2-2-5 T3 K OVERIR ORI, p.13),
0.5mL &> /R7 5y fiRlg & LA (Table 2) Z VRN L. VTG HIE E T-80°C
TWHEHRAT LT, e FRBEMEE T CORBE AR L, EEREDOH

EICHWT,

4-3-4 17B-estradiol RFE (BT 2 FEBRERIE ik

FRERE TR, RO OREEZRME UAMREELZNE Lz, £, 4H
BREEN D GSI ZHH L7z (2-2-5 IThEds L OB OBRETIE, p13),
HEENER, RREMRHH A I COl L, RO E b3t Lk
WY a2ATA N7 T A RIZO® T HARER (128mM NaCl, 2.7mM KCI,
2.0mM CaCl, and 2.4mM NaHCOs; Table 14) Z# &Mz 72, AT A4 K7 T A
X, ~A 27 17 4+—2u7L— b (MP10DM, Kitazato supply CO. Ltd., Shizuoka,
Japan) % VT 26°CIZERFF LTo, M7 OB X, S BRMEIIC R L7
TENTATEHEERBE LT, 74 A (DCR-PC300, SONY) Tkl L
7o EE)L TV DR OFIE I L ONESBNEEREIZXLL ~ O H1ETHIE LT,
BTN AT TEEEZHRY L, 1 BH70 30 2a~vOFkIkEE L TarEa

(CEVSAATZ, KEFOEENL, FRkHY 3 [E (1 BOREICS



3 PM) OWEEIT. AR LT 9 F5r O ff k% IV CRsT %
Tole, WEL TWDIETFOEIGIE, 1 BRI LT 450 D72 MW T
WEZAT - T, £io, FEFOEBIREECE L TiE, 1 EEICK LT 296 7
5 1265 OFF 12 W TIEZ1T o 72, T b OfTICIE, BigMr Y 7 b

T& % Image-Pro Plus 5.0 (Media Cybernetics, USA) %V MTo 72,

4-3-5 JFlEHEKRT O T u s = U BEORIE

80°CTIRIE L TWEITFIg A B L. N R V0 A =% A THl
By LTz, Wbtk w043 HE (10000 x g, 10 4318, 4 °C, KUBOTA, 5922)
LTHELN BEE VIG BlEEE Lz, Itk o VIG IREIT,
ELISA |2 X 0 & L7z, BIEDFMEIXIER (2-2-6 [Flfh i+ o e m s

= VREOWHIE, p14) O@EY ThHD,



4-3-6 FAB KD 17p-estradiol J&EE 34T X UKERIE
B2 RIEORIEIL, HKER (0 REM%) &HUKERTD (24 FifR) OfFE

KEBKLTYT 72, Sl (2-2-4 BB H D 17B-estradiol #2 £ 5313 LY

P4

KERE, p.12) OBV, ZART T 4 A7 & HWCHEMEHIH 21T - 72,

10mL DA X ) —/L Tl S 2%, 258 T Tl Sl EOB I (50m
MY g : 7k b=k VU/L=55:45) Zx7-, HPLC Oyt (i
B 275 nm, #OEER 300 nm) THIEZIT -7, 7 LV HPLC SE S

X Table 15 &M,

Table 15. HPLC conditions for 17 T-estratiol analysis by fluorescence

detection
Column Inertsil ODS-3V, 5mm, 4.6 x 150 mm
Eluent Acetonitrile : 50mM phosphate buffer=45: 55 (pH2.3)
Flow Rate 1.0 mL/min

Detector (wave length) UV (210 nm)
Fluorescence ( Ex 275 nm, Em 300 nm)

Column Temperature 40 °C
Column Oven HITACHI L-7300
UV Detector HITACHI L-7400
Pump HITACHI L-7100
Autosampler HITACHI L-7200
Degasser HITACHI L-7160

Integrator HITACHI L-7500




4-3-7 17B-estradiol /X—> ¥ VT A 7V A 7 VBB T R EFEEEB
B KOGl 5 5
AW ELIE 2303 21257~ - T, %% ORETGE B O3 7k

IZDOWTLL FDEY 12T > 7=,

4-3-7-1 BEBIOLERICHT IR
ERBIORE | BFEK EREBIOMEELZHAEL, FAEEXD

(SR L OB EARE L,

4-3-7-2 €T ur =IO ARk
BB TRICAKLOITIEZE L, ST 32— b0 EEEZHWT
VTG EEZRE LTz, £7-. TR HREFCIFREREZHE L, HFieEED

720 DOVIGEZEH L,

4-3-7-3 FEFEEIRBIC KT 5 B S 1k
K TIEEAEIC T 2 ERHETE E & L, KBRS L O Edh
il A e LT,
(1) FFEEE . ©75 40 AT CTilgk LB Evb | 1 ERSHZD 450
DIET %7 X MR, EB L W ToEIE2R M L, Bl

TEE, LT oy Th o,

B 2K

W EE)E = . X 100
e 5 o5 BRI LT R T4 450




(2) HEEBHEE: ©7 40 AT TRisk LzBhE Lo, EH L TWD
a7 o ZL0ERL, FYEBEREZEI Lz, 1 iRHD

296-1265 OIEFFE 126 L, EEIEEEZHIE L=,

4-3-8 HEEHFHIMRAT

JFONTT — 23T N ORI E SRR ZE TR Lz, dTRRIXE XUV
ROESBHEERE L, TXTOT —X X ANOVA IZ XV T 21T o7,
HEW DY G 1E, Dunnett t FRE, FHUTRWIGA L Dunnett T3 B8 XY
Dunnett C fREIZ L VD | XX & BRBEX CEHHOABEAEAREEIToT0, £
7oy TRTOREICB W THEAKEEZ 0.05 & L, SPSSe 14.0J % fWT1T

> 7,



4-3 FER
4-3-1 FABEKF DOKER X O 17B-estradiol SR E

E2 ZBWIRNZ 51T DB K OFE) KR 26.8£0.6°C. DO 1E 6.75£0.50
mg/L, ¥ IREEIL 33.5£0.5%0, pH 1L 7.83£0.18 TH -7z,

E2 &% % HPLC THIE L72fG 5. 24 WeR] o015 E2 SEHI7E B 1356 FRIX 8
ND (<5ng/L). 50 ng/L X725 34+17 ng/L (AT 34 ng/L [X). 500 ng/L XA
195110 ng/L (LA F 195 ng/L [X). 5000 ng/L X723 39001480 ng/L (LLF
3900ng/L X)) Td o7z (Table 16), LATF., RiRZIBRNDHFTIEL, BREWRE

TIE e < FERRE TR LT,

Table 16. Concentrations of 17p0estradiol (E2) in test waters

Norminal E2 Con Measured E2 Concn.”
(ng/L) 7 Oh 24h  0-24K°
control 4 ND° ND ND

50 4 5042 18=+1 34417
500 4 296+27 94+11 1954110
5000 4 5266199 25484369 3907+1479

Data are shown as mean=+standard deviation.
®The mean concentration at 0 and 24 h after preparation.
“not detectable (ND) for ELISA < 5ng/L.



4-32 BREBICLEIIXTIHE

3900 ng/L XD 1 IH[HREE . 4 WA REER L O 8 MM RIICBW T, R
BIFETHIC A TR ONIEE U, PR E IR X3 432 143 mg TH Y |
FBE XL 4701150 mg TdH o 7o, FHERITH XA 37.1+3.4mm TH D |
ZBEXIE 385129 mm Tholz, MK & BEXOEHEL LOERICIT

T FICE B R EITR D b h -7~ (Table 14),

Table 17. Mean total length and body weight of Java medaka in the control and
17B-estradiol (E2) treatment groups

E2 Concentrations' " Total Length? Body Weight?
(ng/L) (mm) (ng)
control 3 37+3 432 + 144

34 9 39+3 505+ 144
195 9 38+3 404 + 142
390 6 39+2 518 + 160

'The mean concentration at 0 and 24 h after preparation.
2Data are shown as mean =+ standard deviation.



4-3-3 EFul = EEIcRT b8

JFgEEEZHE L, HREEH-V O VIGREZ RO, HigEEH -
D D VTG & EE IR FRIX A 9-23 ng/mg, %8z X7 31-1087 pg/mg OHiH TH
77,34 ng/L XD 8 F[W T, 195 ng/L XD 4 H Mk X O 8 i &7, 3900
ng/L XD 4 P L8 WM FED VIG RN, RHHRIX & il L THE

7RBEINANER® v (Fig. 37),

1.2 r Eiw B4w HBw

1.0

0.8

0.6

0.4

per liver weight (ug/mg)

0.2

Hepatic VTG Concentration

0.0

control 34 195 3900

Measured E2 Concentrations (ng/L)

Fig. 37 Hepatic vitellogenin (VTG) concentration per liver weight in control and
17B-estradiol exposure groups for sperm motility. (*)Significantly different
from control (p<0.05). The bars are indicated as mean + standard.



4-3-4 KT EBHE~DHE

HRERBHM O THIC, BRARIL L O HEBRE (F HEB%Es LU
RS FIEENIRRE) A @15 Lo, EERE - =RITIRIXAY 90.5153% ThH Y, &
T2 X CTlX 24.6-82.1% D#H TH > 7= (Fig. 38), i EBEIRT, E2 BER
L OBRBEHMERFIE T\ 278 LT, 34 ng/lL XKoo 1 HEZEER IO
195 ng/L X.0> 1 JH[H 5T 2 bR < BB X OR FEBIRIL, X & ik LT

AERIETZRL,
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04w W 8w
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control 34 195 3900
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Fig. 38 The ratio of motile sperm of Java medaka exposed to 17B-estradiol for 1,
4 and 8 weeks. (*) Significantly different from control (p<0.05). The bars are
indicated as mean + standard.



IR B R A HE L7ofE R, HRIXIX 67.1227.9 um/s TH Y | %
XX 40.5-71.4 um/s OFIPATH 7= (Fig. 39), VNG iEBNHHEL, 34
ng/L XD 1 AR L UN3900 ng/L @ 1 HERETELZ R BTBEX T, H

X & L THERIK T AR b,

120 o lw O 4w W 8w

100 +

x©
(=]
T
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(=]
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[

control 34 195 3900
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Fig. 39 The swimming velocity of Java medaka exposed to 17p-estradiol for 1, 4
and 8 weeks. (*) Significantly different from control (p<0.05). The bars are
indicated as mean + standard.



4-4 EBE

VX UAXTIDE2 TINVTA T A 7 VREBRTIL, ZFEFEIL 16 ng/L X T
T CICPHFZ RN L O 725, PEIREUT 159 ng/L XIZ72 B 720 & [HEF R
FA LN Lad 68 ng/L X TRERLENZED H7-, Imaietal. (2005)
TiX 16 ng/L @ & 5 72 B2 ARIRE T, HElCx L ToARMlREZ R L Tk
V. B2 ZFEIZL > THEADKE TEMRICEZE CTH LT Ra 7 ikl 20
BECIZOTIERVNERELTWND, TRHDZEnb, ARRTIE, ¥
Y U AKX ORETIEBREICR T 5 E2 BFBOXEAMN L, T OREE,
AREBRTITIRBXOK FEEBRPFRIX & L THEIZIE T L,
Graying (Thymallus thymallus)% 1.0 ng/L ® E2 T L 7= 4 < (Lahnsteiner
et al.,, 2006) . 4 (Carassius auratus)% 50 ng/L @O E2 T#fE L7-H6

(Schoefuss et al., 2002) |Z b [FEROFERNHE SN TND, I HIT, B A
X1 % NP Tz LT2HE I b RIRICHE FHEEENME T 5 & ME SN T
W% (Kawana et al., 2003; Hara et al., 2007), F7-. AREBR TIIEZBX O
- RS R X & bl U CH ISR T L7z, Graying % 1 ng/L @ E2 T
Zeilg LT R, ARERE RIS, B HEEEEA A BT L L HmES
LTV % (Lahnsteiner et al., 2006), ZiIL6HDOZ &b, B2 B8R A b
TURRME L. POKEOYE LRRRIZ, v U A Z T OREFEEBRL LT
R EEEERE O L CIEREZ B LIET LE2 60D,

Yokota et al. (2005) (%, A X # % 4-tert-pentylphenol TZEFET 5 &

11-ketotestosterone Z KT D DICEE /2 AT 1A RER TH 5 P450



11B-hydroxylase @ mRNA REBNHEINS EMELTWDH, ZiubiX

4-tert-pentylphenol 23 HEFIZISVNT, P450 11p-hydroxylase @ mRNA FHi %
P95 Z & T, F5H 11-oxygenated androgen D&% & BHLE L 7= D Tlid/an
MNEIRIE L CTUN 5, 11-ketotestosterone [34G T HEAKIZESI> 5 AT 1 A Rk /L
T THDHIEMND, B2 TRELEY Yy I AL TOHELREIZ, B2 £
#1C X > T 11-ketotestosterone DAFLANAE S 4L, Z OfEHHS 1 EHERE D 7
BEZ TeOTIERnwWnrEBZBx 60D,

BREFCHRIESND X ) RERED B2 TZHERE TR SN
(Imai et al., 2005) D%, B2 #FEC X H4E HEENGEO ML E N EK 5| % i
ZENTAREMENRE R DILD, S HITIE, AFEBRTORFEEIGEDHE X
Yokota et al. (2005) DD X 9 12, 11-ketotestosterone D AE A H% D FLEIZ &
STHERZEINZOTIE RV NEBZZLND,

ORI 513 0.1-21.9 ng/L @ B2 IR ST % (Fnfi 5, 2004) .
E2 7NVTA 7% A 7 ViRBRClX 16 ng/lL TEZFERMET L (Imai et al.,
2005) . AREERORH 4 M ]2 FE R T3 FEEEE X 34 ng/L THHEFE S
Too THHOFRERNG ., BREH TR STV DRSO AR B
? E2 TUFPER DR FEBRENLE S, ZORREERMPIAEI N &
EZBND,

ZHET, WHOMEELEM 2509 2 B2iE, VIG OFE, KEITOA
e RO ROK T, BER L OAFRICKT 282 ERBIE SN

TE e, REROMERNL, 4 ETORHMBER & RIS, HFECOR 1



BRE E OISR E L THWA Z ENARETH D ERIBE SIS,

Fio, VIG IXRENES TRA A~—H— L LTUIFERTH LM, FEREIC
VTG AR E CTHlE STV S MOAETEREIMEN D E 9 MIE 60T 72
STV, VIG OG54 & g U O BRI, 52470 & OJERE & B
BEEOLL2EATHDL Z LD, WS EICRT 2FHMmEE & LTH
HTHsEEZLND, AFEBRTHIE LI FEBIEEE L VTG JEE O R
EHI=L TAH 1=0312 L7020 VTG RBENHMNT 2220 TRy r-EShERE

HELIR T T 5 & W oA L b7 (Fig. 40),

100 y = -0.0158x + 59.093
_ ¢ R* =0.0973
£ 80 1, . .
> *
o0& .
> ¢ ¢ : * . *
on L J <® *
£ 40 °
£ 7S .
& 20

0

0 200 400 600 800 1000 1200

VTG Concentration per liver weight (ng/mg)

Fig. 40 Relationship between VTG concentration per liver weight of Java medaka
and swimming velocity of their sperms in control and E2 exposure groups.

Fo. REBROERNG, B2 OFEFEIZ X - T 11-ketotestosterone 78 & D
AT A RKRLVEVOERILENGI SR ENTWD EREBINTZ, Z0D
Emb, falRkhH DV T, AFERF O AT A RAVE CREZHIE

L. mRNA ZEHOMFINEERIZ, TDO TR THDL AT A FR/E B



ZPHE L TIREMET LTV D DMEND DBLERH D EEZX D,



FBSE KREBE

BEDTHRHEND LI REEEDOT R sy (B2BLXWEL 28, Py U
AFTZH L TED LD R BE2 RIETONEHLMNIT 57D, =&
TrDINTA THA T NVEBEEITST,

E2 VT A 7H A I NVEBRIIBNT, VXU RAXBICHT D E2 OBMEENE
ZH LT LT, BREEORR, REREIE, HEho VIGFHE, EIROIRT, %
RO T, ZRESEHA OGRS L OCRERIFOHEAS &R Shik, Zh
OOFERIT, MESNTWEAZ D EZLRKBOHRLFEKRDO LD TH T,

SHRERITHRT D E2 @ LOEC X 16 ng/L TH Y. NOEC iL 9ng/L TH - 7=, Rijb

S

Lo, BEEIR DD B2 13 KT 23.7 ngL S T2 (Fii o,
2003), AHFIEE2 7T A 7Y A JVEEEEICEIT H LOEC (16 ng/L) [LEREEH
THRHESN TV DRECFFNTH Y . DX 5 7 IR O B2 TZHE%
DIRFAFIERZ SN, ZNDHDOZ E0D, B2 BENMUOHT & T
HE < BEH SN TV L REED X 9 2RI FEHRTIE. 2 b 0MRIcAER LT
WHTA ks ACk T B O @\ FEIC ) LT E2 SN UWMRELIEA % 5
T 2 RTREME DRI S T,

F7-.El VT4 7Y A T NVEBIZBWT, B2 7VvT7 4 7% A 7 Vi L6
RICU Y U AZ T3 % El OEMEEMEICOWTH O Lo, &IEORIR,
E2 2% & FERIC, HETP O VTG #5E. PEIREOIK T3 L O ROK T3 5] & &
ZENT, ZIEFRIZXT S E1 ®© LOEC 1% 1200 ng/L T&H Y, NOEC 1% 484 ng/L

Tholz, FRO X ST, HEEBIREEND Bl 13K K T 61.2 ng/L i & T
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W5 (Fiz o, 2003), ABFEEl 70T A 73 A 7 )VEFRIZE 1T 5 NOEC (484
ngl) LERETTHRIHSATWARELY LERETHY ., BETO EL BER
T CIEASRICR L TR ELE 2 5l S 2l getE iRV 2 LRI S
77

LrL7223 b, El MR STV SR HIE E2 bt S Tnd, il
5 (2004) (2 XA, EEAEME CREERD) oK 5 E2 23 10.6 ng/L, E1 2
599 ng/L i &7z L SN TV D E2 B L OELEE & 112 AHFFED LOEC
Z FES> TS 72D, E2 BLO El B TIIANUWMESLIER 2ol & Z 9 mlhe
PR EREZBND, LINLTIIVTA T A 7 IVEROMEER, VIG #FE
X A=A ba S U AEEOREIE B2 A El £V 7.1 fEEvERB S, &
BAEFHE DM S 7 E1 R A B2 IREEICHAR T 5 & | 8.4ng/L (59.9/7.1) T
HV ., E2EE 10.6ng/L IZMET D EAFN 19ng/lL 0D Z Eiz7ed, BE2B X
OBl BEZGDOE T RIFMTH L, B2 7T A4 7% A 7 )VEFED LOEC
IX16 ng/lL TH o772, ZOEEEMTo=2 vasry (B2 8L OED BE
IENDWREFER 20| SR T AREORWRIE TH L Z BRI, 2
DX DI, R ST —ORNSWHEME P RE SN TV S DI Tk,
E2 BXUEl H5WIEENLSDEZL DA b u U EMEABRE I TV 5,
INHDOZ NG, SRITHEMHED Y X7 FH7Z0 Tz, BEYWEOE
BRI RV FHEEAT O MERD D EEZ DD, £, BEWETRELL
BRIZ. AHINE & 2 VISR B 2R T O E S DBFT 2 2 & b HETH

LEBZBND,
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E2 7V T A 7H A 7 IVEREEIT > T hER, 68 ng/L TREIIDIEHERZELE L Z4E D

Pr

PRERENRRD bhvie, NI T 28 23T 5HE TH Y . ZHIX
MERERN T\ Z 69 2 B ATl T 2THE THHZ £ D, 68 ng/L DR T E2 8
HECK L CORMEREE RIELZOTIE RV NERBEINTE, ZNHDOZ L
Mo, B2 N—=U X VT A THA T IVERBREATV., Vv U AL OREERE
KT DB Lo, EORE, K EEEECT 5 E2 @ LOEC (% 34 ng/L
TV, NOEC I 34 ng/L Kiiti CTH o7z, E2 KIEE X CH HEBNRENK T L2
Zenn, EEROMENSZHERIKTOEKOODES>THDL Z ENRBINT,
AKX T % B2 T LIGE., A7 A NMUGEICE 579 % 3B-hydroxysteroid
dehydrogenase (3BHSD) 35 X U 11B-hydroxylase (P450 11B) @ mRNA F&EHL A3
&2 EWmEZNL TS (Govorounetal., 2001), F7-. 4-PP TEEL7-LE
t [AERIC P450 11D mRNA FEHELAH S b & #HE S TS (Yokota et al.,
2005), ZAUHIE, HEAIZF T 1l-ketotestosterone % A3 5 DI 72 P450
11BD mRNA HELAIH S NDH Z LT 7 Fa s U OB IHE S DO T
RN E TR LTV D, 1l-ketotestosterone (X4E T HERRICBEI D5 AT 1A Rk
FELTHDHIEND, 28O R ha by URRIEIC L > TR FIEAICED S
AT A RFNVE L OESRBAES I, ZORER FEBHRENMET L, Rk
PINCZREROR TR R - SN0 T hvwnEEzx ok, 5%, B 1E
B L O TR 532 AT v A RE/VEr OfRIKTREZEE L, B2 £
FZC X2 mRNA HELOMBINEERIZZDO TR TH D AT 1A RF/LE L DERK

ZIHEFELTWDLDMNE D INENDDULENHD EEZEZBND,
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AFROFESR, = A huFy (B2 B LWELD) N¥ ¥ U AKX I OEFERER L O
FEFEREICH L TED LD REEL KIFTONPALNI T, iz, 4t
THREESND X9 RERBECEENMET LIZE W) 2 LiE, =X brbUic
ST DIBZMEDE WA TIE, ABFEDY ¥ U A X T & FAEEOHSE I Z % THE
WRHLDOTIT RN EZEZDbND, EHIZE, BEFO=A e rrH o0
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