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ABSTRACT

Phthalates are synthetic plasticizers commonly used in industry to enhance the
flexibility —and softness of plastic products. Among these phthalates,
di(2-ethylhexyl)phthalate (DEHP) is the most common plasticizer in the world. It is
easily leached into the environment and ubiquitously detected in surface water in many
countries including Taiwan. Recent studies have indicated that DEHP is an endocrine
disrupting chemical (EDC) in experimental animals. It is considered that DEHP
exposure will retard development of reproductive organs and impair physiological
function. However, studies directly linking to environmental relevant concentrations are
still limited. The impact and associated toxic mechanism of DEHP on environmental
aquatic life is unclear at present. The objective of the study is to investigate the toxic
effect of DEHP on fish reproduction using medaka (Orzyias latipes) fish as the model
organism. We have treated pairs of sexually matured adults of female leucophore free Il
(FLFII) medaka with DEHP at environmentally relevant concentrations 20, 100 and 200
ug/L for a 21-day aqueous exposure and assess their reproduction performance. Fish
were used for analyses of plasma concentrations of sex hormone at the end of exposure,
activities of antioxidant enzymes and gene expression in different organs. Our results
show that DEHP at 20-200 pg/L decreased fecundity, and also inhibited the expression
of phase | enzymes (cypla and cyp3a40) in liver. In gill, antioxidant enzymes such as
catalase (CAT) and glutathione S-transferase (GST), the phase Il enzyme, activities
were decreased with 100-200 pg/L DEHP. DEHP may interfere xenobiotics metabolism
of medaka through inhibiting expression of both phase | and phase Il enzymes.
Furthermore, gene expression of sod, cat and gpx were interfered in liver and gonads
with DEHP treatments (20-200 ug/L). In female liver, cat was induced, but gpx was

inhibited. On the other hand, both sod and gpx were inhibited in male liver, suggesting



the defense against oxidative stress was altered. In addition, sod induction and cat and
gpx inhibition were observed in ovaries. The DEHP-induced oxidative stress in ovaries
may obstruct female reproductive function, and then decrease fecundity. In conclusion,
environmentally relevant concentrations of DEHP caused reproductive toxicity in
medaka. The activities and gene expression of antioxidant enzymes were altered by
DEHP exposure in liver, gill and gonad, indicating oxidative stress and interference of
xenobiotics metabolism. DEHP is an ubiquitous environment contaminant of emerging

concern, so it is important to evaluate the risk to ecosystem.

Key words: Di(2-ethylhexyl)phthalate (DEHP), Environmental relevant concentration,

Reproduction toxicity, Oxidative stress, Medaka (Oryzias latipes)
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2.1.1 DEHP inge it 35}

DEHP % % 1 & = &3 i &

gy - ﬁ’;d”ﬁbﬂﬂé_ﬁ' o ;E_!E__l\j\:]i%ﬁ'-&r%\* 2-2
ST e d NdEF PP B P4 B A S E

Bl G F - Y BT AW R
BT 2RI mRZ R g RN Y ET T FEY > RBRRRK
¥ Log Kow i # % - %> DEHP #.75 (Hydrophobic) i+, ¥t 4.5k » DEHP

Mmoo s A RR o B ALY L B DEHP Vi R A A dEse 5 2 d e
R LR e n B R P & Lot (Adeniyi, et al
2008) -

, 2011, Huang, et al.,

@ pew BTEAZY o % T DEHP 2

SRR &S S A
7J(F‘ ‘;'

18 b
#R§F R 19 x 10°5] 0.4 mg/L 2 & > Log Kow B & 4.89 3| 8.32 2 /&

(Cousins and Mackay, 2000) 7= 7 2 & %+ % Rk %% 2 # 2_ Technical Fact Sheet
on: Di(2-Ethylhexyl)Phthalate (DEHP)



% 2-2 DEHP # & 4781 5 it

WEC VD (20 Ae A

2 L

Di(2-ethylhexyl)phthalate, DEHP

3R & A

Bis(2-ethylhexyl)phthalate
Dioctylphthalate

CAS 5. 117-81-7
»r3E 390.56 g/mole
ks C24H3504
H4C CH3
o 0
B o o
CHz HaC
o &4 kiR
13 -50°C
# 8L 230°C (5 mmHg)
F R 1.32 mmHg (200°C)
% ARl-k A fe e (Kow) Log Kow = 4.89
%A 0.99 (20°C)
A RR 0.285 mg/L (24°C) » #cin »t-k

3

LogKoc=4-5: 1 3¢ § & 4%

4 4k 4 ol (BCF)

Log BCF = 2-4 ( 4 %)

ey

(USEPA, 2002)




212 DEHP % # % &

de 2.1 &orif o d R RREH R T F R DEHP A S0~ Eh S

FEARY F AR BARIRE > Vb R RSB el Rk 2 F R
AR EIoo Rk 2 DEHP &AL AR MIRE Y M e SO R R SRR o

m ARG P dpdl > DEHP fApedt K MR T REE LR H %2 (Photolysis) -

HL 44 ,§390:&;»;6.]§‘1§51—r,;§§_;{p;€1 é@]lﬁ()()%oé_—‘ﬁg;%\,i—’%—r

a
DEHP A %" 27 - %32 - B " ;5 £ F RPN DEHP £ 2 426~ B ? -
(Lertsirisopon, et al., 2009) - &+ DEHP A k4885 P < 2% & 4 f% -

B 2-13%.p 7 DEHP fgﬁ E7 fr#’a BB T e 2 F % iR /5 (Magdouli, et al.,
2013) - %3 ¥ % B > & B2 F (Gram positive) frE < I£ 1 F (Gram
negative) ¢ 4 %[ i i~ 4 fi% (Meta cleavage) fr#t i~ % f% (Ortho-cleavage) #
jE i eranF - 2 g (Phthalic acid, PA) (Liang, et al., 2008) » i & § | * g% f=
(Dioxygenase) #-#8F = ¥ peerdk 4+ B (Amir,etal,, 2005) ¥ - 2 & > & % F/RT
MEZ TR g FFd B-§ 1t 1F* (B-oxidation) AL 5 Benzoate r £ i&- H 4 iz
REF - F tafeprm@ (Livand Chi, 2003) < % 7 b L FRER S R
M E F '%f2 DEHP ¢hii 4 > dopg® Ffqp+ (Esterase) fr & B2 & F 4 f3ps
(Cutinase) (Kim, et al., 2003) -



o]
CHy

HiC
HO

o}
o N S 5 e OH
H;,C% o CHy o)

OH

HaC
DEHP (Di(2-ethylhexylphthalate)) MEHP (mono(2-ethylhexylphthalate))

aerobic l
G - bacteria G + bacteria 0o OH
9 (o} Benzoic acid
HO
OH
H OH
O
HO HO l 0
H H
OH OH
Cis, 4,5-dihydro-4,5-dihydroxyphthalate  Cis, 3,4-dihydro-3,4-dihydroxyphthalate OH
LQ i@
(o] o o
Ho !
OH OH
HO ) OH
OH HO OH
4 ,5-dihydroxyphthalate 3,4-dihydroxyphthalate

< 2
T o HO

protocatechuate

ortho-cleavage
Yoo

HO' 0

3-katoadipate

¢o
HO

B OH

D) * meta-cleavage
o]

N

HO (o]

2-hydroxy-4-carboxymuconic semialdehyde hemiacetal

B 2-1 DEHP z

o OH
5\(0
4-hydroxybenzoate ¢ OH

Acetate, H,, CO,

4-carboxy-2-hydroxymuconic semialdehyde

O OH
(o]
o> Oxaloacetate + Pvruvate
o OH
HO (o]

EE YTy

(Magdouli, et al., 2013)



2.2 DEHP &%% ¢ dun® kR
221 Rp it §D

AR EZFPEFFTRELFTRBAL A7 282 RN FPE - 0
P KA Y DEHP 5 8 » A48 % dcd 23 977 o d £ 7 4r= iE@ ¢ 1 =
=;%2. DEHP 7 £ &% > 2+ ~ ¢ ~ 752 K DEHP L3257 £ » % 5 2399~
17.6 pg/L » = 5.8 2 #l &7 2 817 pg/L o H i ip 12 k¢ DEHP T 155 €45
& 0220pg/L 2 B > A7 i7-k? DEHPER # & » &2 DEHP f-k ¥ 233 f2 & 1
M ERAT ¢~ Tak? DEHP EARMSR 553 (R 25 B RE MK
B2 pEF P 2001)0 F - 222002 £ 5 £ g 0 AT A #1408 ehd ok
(FR 0-20 2 4) % #7p] 1% 2 DEHP k& T35 4 9.3 ng/L- ik & # F 5 ND-18.5
ng/L (Yuan, et al., 2002) - 4345 F it & o #riRl @ 2k 48 DEHP ER B AN
% 817 pg/Lfr 185 pug/L o Ft » A F %K 2 kB3 RERET 100 pg/L 4 20
ng/L e 5 BB in® kR 2 N4 o



% 23 ABK TP EREKHESDEHPER £ EA TS

in B , " %
- £ 5 L T PF

e 0.4 + 0.6 32 + 17 1.0 + 1.7
e (ND~0.9) (ND~3.4) (ND~3.5)
S 0.89 + 0.076 0.46 + 0.065 1.3 + 13
e (0.8~0.95) (0.4~0.5) (0.17~3.2)
- 0.3 + 0.2 0.3 + 0.1
Ak (ND~0.6) ND (ND~0.4)
R 0.6 + 0.7 06 + 1.1 0.2 £ 0.2

- (0.1~1.0) (ND~2.8) (ND~0.4)
- 23 + 22 9.9 + 234 17.6 + 31.9
- (0.5~5.5) (ND~57.7) (0.7~81.7)
o 0.4 + 05
BB -
B 5 ND (ND-0.7) ND
W 09 + 0.7 22 + 20 2.0 + 37
L (ND~1.7) (0.8~3.6) (ND~7.5)
.ol 08 + 1.2 3.9 + 131 5.2 + 17.1
e (ND~5.5) (ND~57.7) (ND~81.7)

X ERE gl T EHRERL (R FF) 4om o
(Rz 5« FRpMESFA7 ¢ <, 2001)
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R R E s REF RO L E R TR A RS
PP AF AR EZ S P T RBERETCAEB AL cAAEE BT
FmEE VAR LAY 2 PAESRR 0 F EkR B ¥ ¢ 5 DEHP (R 2-2 - @
2-3) R EEALR A EAR Vi HE TEEG G BRE LEM T 0 4
A ¥ PAES kR p 97 E4zF T "% chdfd o

frE P KR ? DEHP T3k R & F 4eB] 2-4 9751 > 4B P N H I £ R P
EE A 4T o fT &p MR ¢ DEHP T 5k B 43t <0.05-13.1 mg/kg dw ¢ i &
FR) 5 ND-29.2mg/kg dw > § % #i@ "' &k DEHP T390k & 0 &k % F 4 1
TrE 1.97mg/kg e BEE T3Sk R BB 5 95 £ K-F L 47.3mgkgdw o @ B 3T KA
F T U 19.7mg/kg » 1995 30 i i - % (95-101 #) A BB 0 R
- DEHP 32k & 15§ »t Rk S g 57 *2iE 1.97mg/kg 277 ' & ik F A

—%\v

TN R BEVENFTREE SRR e SRS BRRE (P2 E)BEE S - 2R
FoRGER LB E (TRt RE %, 2013) -

Fr&E @ g4 Y DEHP T35k & & # 4ol 2-5477 > fple i@ "' 2 & R R
Ea 5|k 7 o357 #7044 DEHP T #9ik B 4%+ <0.025-0.803 mg/kg ww o i#] &
% <0.025-1.68 mg/kgww « it i fe i@ "' % e &£ & 2 DEHP kR 320 - 7 3
T4 AP DEHP LA 4 iF & T % eodB 4 (Frctatki R %, 2013) -
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M) EJer PAEs “F3JiREE (mg/kg dw)

MR PAEs FHREE (mg/kg ww)

9.26 mg/kg H

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50 I
0.00 . I .
904  914F  934E 944  954E  964E  974E  984F  994E  1004E  1014F
AT
Bl 2-2 7 "B AR A PAES kR A T B
(7 Fehadk 8 -3 %, 2013)
H 15.7 mg/kg
6.00
EDOMP

5.00 - moeP ||

] mDBP
- mBBP | |

1 m DEHP

1 @ DNOP
3.001
2.00
1.00 I
000 Q04 | 914 | 934 | 944 | 954 | 964F | 974 | 984 | 994 | 1004F | 101

AR
B 2-3 57 A8 A PAESIER A T @)
(7 Fe Tk 8 %2 % |, 2013)
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JE U il FE A B B
19.7 mg/kg

Eﬁ%ﬁﬁ§?ﬂﬁ

| .”" |
HRE

RIRERRE S”SE%EEﬁRREEEEBS%g SSE%&EEEERES%EESﬁ L) a8 BRGERIREGE

BRRRRAXANFAEERNA E=FRERBBATRAAAALERRAORLLLH AR W == = WIS R 0GR T MMM I IE7ES % 5 L
2o oo I 1 1 S 40 35 A O T I 4 P 0 o o o i 80 AR A B ok ST v 00 O S L 57 6 0 0 0 0 0 O T 8 115 o P
NNNM!!&!&EMN!H&Q;H!!H&!&!!!!E&& ﬁE#ﬂ!!!ﬁ!ﬁﬂE!!!!iﬂ&!E!ﬁl&&!&!ﬁlﬁa&!ﬁ!!!!!&:;:!!ﬁ

AN

T 11 44 798 b 0 52
B 2-4 7 "B KL DEHP ER & 7 B
(7 Fetadk 8 i3 %, 2013)

" Ll | . ||_ .

Il
b b b b b bt b b A e b o EAb B b e b b D= g b e s b a o b b b 33 A A e b b A P b
= 2 2

1 11 45 0 e B 4 5
B 2-5 " 44 A DEHP L & &~ * B
(Freramk B iR & | 2013)
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222 R R

BiFF O7 ER DAL EF FRESTBALE Y > v FO BP PIRE kA
frR ik @ DEHP 2k & » 4ol 2-6 #rm © S5 & 1977 & T 5 F ¥ gafjf2m " &
f 2 okE Y @Rl 3] DEHP sk & > A % 5 1.5 mg/kg dm - 0.4-4.0 pg/L o @ f
1980-2000 & F¥ » £~ #FF B~ 3L ~ 4o kX K412 5 ko %Rk
Bk Rk P 2 I DEHP 773 &> B DEHP @ B i # 2r2 &30 o - 5f
AL BT 1997 # jc 7 115 BoRAE{e 35 BRI ATRSOA AP TN AR
? ok A8 DEHP kR 2 ¢ idici 227 pg/L> k&R $# 5 0.33~97.87 pg/L; & @
AR ¥ DEHP k& 2 ¢ =#ci 0.7mg/kg- ik & # [ % 0.21~8.44 mg/kg (Fromme, et

l.,2002) o 22 8 1 B ReFT 3 ARt o AL RITRBRRE S AR ¢ DEHP ek R ¥ B R
Bl - A FORBAFTA LS R RO PERE SR AR
DEHP jE R 1 £ i 2 B g P W4piT » kg7 DEHP ¢ p# & %04 ks -
FEAARRAT LR (MEEA S AT FER L E,2008) 0 stk p ks G AR b

g dpdi o P & G ok R ] 8-25 pg/L DEHP » 3 fnokiade ¢ s i A4 5
DEHP =33 A (Yuwatini, et al., 2006) -

Vo R EE 2009 £ F LY BT s R EAR Y DEHP 2
R o Aot B FIR AR ¢ DEHP KR ot i (& 24) o B4 ST
A ¢ . v 3 ¥ W 1 Aire River (7.89-115mg/kgdw) 4= Trent River
(0.84-31.0 mg/kg dw) & iEim ' Ak DEHP B B B 3t 18 S % > H AR ApiT & M
s © ;% (Lin, etal., 2009) -
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ug/ll -7

0.01

0.1 1.0 10

100

| I (nodl.

USA, 1934 l
UK, 1984
Sweden, 1985
UK. 1986

ok * *

E—=

L S *

Canada, 1988/89

| ] min:02ngn)

River Rhine, 1991/92
River Wester, 1991/92
Hessian rivers, 1992 . ?"J’\'HWE

| | ]
C———T3
—/T1

51
83
1"
25

Malaysia, 1992/93 | [ | 5 12

Italy, 1994 | L L 1T 1 {| 35

. . | { ! 27
Bavaran rivers

Germany, 1997/98 € _ ! : 2 I; b

Sweden, 1985 Lo ' I ?
UK, 1989 | K * | 1

River Rhine, 1991/92 | |
River Wester, 1991/92 | I L ; L
Malaysia, 1992/93 . [ | 1 | 7

Italy, 1994 | l re_l [| 12
| ] 3 | 35

Germany, 1997/98
EEE. 1998 ; RFZEE 2000 N

mg/kg

Dlltl

Median

; *raw data 5 @ 9 ERER

B 26 &% LWES KWME KLY DEHP k& &
(B2 A=<=y 3 EA 4 ¢, 2008)

# 2-4 7 B RERBEAL? DEHP KR

. ) DEHP of sediment
River and estuaries

(mg/kg dry weight)
Aire River (UK) 7.89-115
Trent River (UK) 0.84-31.0
Klang River (Malaysia) 0.49-15.0
Various rivers in central (Italy) 0.058-0.487
Nueces Estuary (Texas) 0.04-16.0
Mersey Estuary (UK) 1.20
Rhine (Westphalia,Germany) 0.21-8.44
Furu River (Toyama,Japan) 1-2
Zhonggang, Keya,_Er_ren, Gaor_Jing, 0.5.23.9
Donggang, Danshui Rivers (Taiwan)
Houjing River (Taiwan) 0.10-20.22

(Lin, et al., 2009)
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2.3 DEHP %24 2 2 5§ {ac)l

d ** DEHP § 73 a3t | & Bk @ > Ft DEHP eh2 $ 4 ax ks
DIEAR > RA o Pt DEHP et d Mo ea AF - Rk o B 2-7 f &0
% He froiidsh e DEHP 2 4 4 4 ey (Magdouli, et al., 2013) - DEHP ¥ i

PEARFEFLS 5 2F UF b %577 PR DEHP €@ = nis 7
S AABFWAMFETTEOAEF VRS o T E kAR kAR S DEHP dp

MATEE A o it 2 2 o dpihy ARRAR SR AP TR R SR A

ECEAS S

Animals Vegetables
DEHP
Human
\ 4
i Decreases in mitotic

—»| Embryo mortality >

| Reduces the level of index

testosterone

] Testicular atrophy

> Steroidogenesis

Reduced

|  steroidogenesis -

] . Affects pro- Failure of chromosome

inflammatory system segregation in the
N Increases of
oxidative stress /\ anaphase stage
N Decrease? the
semen volume Release 19G and Suppression of
- IgE anticorps cytokines IL6 and IL8
N Malformation of
sperm

B 2-7 DEHP $+ A 88 ~ &5 fofide 2 ¥ ac & Mo
(Magdouli, et al., 2013)
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231 g2 4 EE Pk

WA d DEHP 2 F g d&a > Ao kP rGiced § Ima ok
& RFIT i DEHP A3t 3 i B 3 M o A 55k % DEHP enig o1 & £
rEes (B 3 DEHP & i e B 88 R piok) fods iRl st (R % Zhf ﬁ?rﬁiﬁiﬁ
WE) CHE L EHES (FFARL B L DS ookiR) & A KM (Shea,
2003) - % g4 ~ DEHP {2 » DEHP ¢ = %[44 {ou i ¥ hfigfs (Esterase) 3
% Mono(2-ethylhexyl)phthalate (MEHP) - MEHP ¢ & - # 4 -k f& =
Mono(2-ethyl-5-hydroxyhexyl)phthalate (50H-MEHP) - #& % & & #f 25 &
Mono(2-ethyl-5-oxohexyl)phthalate (50XO-MEHP) ; f 2 ¢ > MEHP » €L o ¥
it 25 ¢ Mono(2-ethyl-5-carboxy-pentyl)phthalate (5CX-MEPP) (Koch, et al., 2005) - &
DEHP st 812 4= 4o ¥ fp s (Monoester) # pE sk i % & 4 (Glucorinated conjugates)
i g \LF ARt 2 (Fromme, etal., 2011) » & 4 #fe- SURE P 309 5 R ip i 3
+= (Silva, et al., 2006) » F]o* - R RI ik ¥ 27 5 ot & AP ¢ S E =5 DEHP
Fe B e £ 2 gtk o

DEHP $f 4 #fichd okl 5 i (Fp BT 5 1o F 4 E* Rk ¢
3 DEHP-> RSB 57 st Y B end A% 7 fop 4k 5L (Main, et al., 2006) -
V- AR 9 PAES RRfeI Atk # R 2T BEMRY
PAES kR B 3> - 5 o ptob 4 DEHP kR » {r % 58 2 7R 4p RAp
o dod 3 Bep b s M R ) AA R BRI A TEY PR
#.% fo DNA AT % (Pant etal , 2008) « ¥ - £ & X HF L {4 #R >
Z#%° 3DEHP 2 1 (¥R BT BF 1 - H S DNAF GARRRE ¥ 3 5
4 $35 (Huang, etal., 2011) - et ja fi Ferdp AT 3 > G > » 3 A 7 4p 1 T 1IR0%
v e DEHP &3tk R AX% > n k¢ 0% Ffp (Testosterone) Jk & F A% M g4t
(Meeker, etal., 2009) » B2 287k (75 § F7 7 185 f F S enlp R 4piT > fed v @2 2
8P DEHP H A sgena My » P A A BAR IRER 32107 Jgffr o 7
#t DEHP %t 4 #gend 78 4 (4 33 384 £ 3% (Matsumoto, et al., 2008) -

DEHP $t% &chd Mg A T #cB 3 5 > P o ¢ FIchend A4 ot @ e
REMmM I E 5 2 > (Steroidogenesis) ~ & (Fetal rat) & ¢ ¥ ¢4 78 % (Germ

cells) j > ~ A F 0 ) i B M 2 MR MAF 0 0 2 AR B fors B E A

17



Py ¥+ DEHP % & 4 w)scg (Gray Jr, et al., 2000, Moore, et al., 2001) - P # %5
DEHP i & ehie* {8 22 &% ¢ ¢ 0 Sertoli cell §- Leydig cell » i& 7 %7 % 4 )
fof+ % 5 ~ £ Hfr (Testosterone) 4 w7 4p b > 5 # 50 X DI F N7 av 514 -
474 7% 4 F i (Martino-Andrade and Chahoud, 2010) » ¥ & e (457 7 40 $ i
B G R EILEY 2 N kB DEHP {8 e RE g s rK Y B
4 er 3 (Atretic follicles) * b3 4v > ¥ ¥ I3k & 'm¥e (Granulosa cells) - =i
A5 (Xu, et al., 2010) - “f TAGEE S g T 40 DEHP & @& § i) 4 < EBUF
7 B R %Y "~ (Reduced glutathione, GSH) friidkn ik % 423 4 7 (Jain,
etal, 2009) - & £ fovp wkd 2 43:§F 4 ~ 2 % pd & (Hydroxyl radicle) #
EEF A TN TS 42 &4 % (Srinivasan, etal., 2011) -

02w RET 1 o DEHP S S AT eh B 4 Mokl 5 0T 4 A Ao g th s
DEHP 51 4= ch§ itk i 4 74 % brsg TR L o

18



232 ¥ha¥Ez 4 AF Pk

% 25747 5 & kiFed DEHP $ 4 474 2 ehin b <t 15 5 47 f ke &
EACELR 2 A oA AR B s R R N4 b SsaB 4 (Zebrafish,
Danio rerio) fr ## 4 (Japanese medaka, Oryzias latipes) 5 f & 2 & Ff i =
B2 d g ks 2 g {rnf RApHRS » SRR AT LR R
BORIUKMEREL  ABERR e b X288 > WE EH 3BT
6" %3 DEHP R Z kA > % » kM EBZBERFF ¢ 7 0.01-500 pg/L » Lozt
stz DEHP % & k& % 0.5-5000 mg/kg > 4841 % & & & P] 5 400-1500 mg/kg -

Eﬁ%ké%%%ﬁ%ﬁﬁﬁﬁ&%z—’E§ﬁ§¢ﬂﬁ$ﬂﬁi%ﬁ@,
0l ﬁ;ﬁ,‘p\ hABRE R Lo A hrra g oS /*Hrsﬁ?}.ﬂv 7adp i I K o
Yo 3 A g e )T PR R P R0 (Carnevali, et al., 2010, Corradetti, et al.,
2013, Kim, et al., 2002, Uren-Webster, et al., 2010, Ye, et al., 2014) ; # =x > z& & e
ot POt R 2 ARk 0 WwHEBAEFE AR ATIAR S B R X A
M & 714 3 (Maradonna, et al., 2013, Wang, et al., 2013, Ye, et al., 2014) ; £ % » & »*
DEHP # kP 3f3R#M ¥ X S8y ARPIERBIRZER  FIMHEN4 57
FEBHEFFA T A SR AP HRAIRAFALY IR - KA R
WE W el R RR R ~ PE w F 39 (Vitellogenin, VTG) z £ %1t
aH B p Rk AT A B E (Carnevali, et al,, 2010, Chikae, et al., 2004, Crago and
Klaper, 2012, Kim, et al., 2002, Wang, et al., 2013, Ye, et al., 2014) -

AR fep & iAn B g AR LR A A0 FE B2 G
Fdp ko de2 78w 2. DNAHE 4 (Corradetti, et al., 2013) ~ #; 57 #4p B AL 7] 4 R
(Uren-Webster, et al., 2010) ~ i % i p= &8 3 2 /& i < 42 (Peroxisome
proliferator-activated receptors, PPARs) 7 14 3 (Maradonna, et al., 2013) ~ * i
¥ it (Mankidy, et al., 2013) ~ p & fe ¢t i~ B % % (Crago and Klaper, 2012, Thibaut
and Porte, 2004) % % -

BREm 2 CDEHP ¥ g asgd fend 3 B ref o523 Mo gipir B2 B 4
FaafRerin G - Rendgdt o Tt 0 § 0 & L F ~ 733 DEHP $ g dpend 4 ok
},@3‘ - a %%'J °

=i
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% 25 DEHP 2 i lhiph <t

. . . Dosi
Fish species Fish stage Effect osmg_ Methods Reference
concentration
Embryo production | Aquatic exposure Corradetti, et al
Male adult . 0.2, 20 ng/L ’ : B
N DNA fragmentation in sperm cells 1 HE 3 weeks 2013
Fertilization, sperm maturation | 0.5, 50, 5000 Int_ra!oerl_toneal Uren-Webster, et
Male adult vtg, acoxl, ehhadh expression 1 mg/k Injection, al., 2010
g ' P grkg twice during 10 days B
Zebrafish Embryo production | 0.02,0.2,2,20 Aquati C li I
ebrafis .02,0.2, 2, quatic exposure, arnevali, et al.,
: . Femal I Plasma VTG
(Danio rerio) emale adult ! _ and 40 pg/L 3 weeks 2010
Ihr, mprp, ptgs2 expression |
. 2 mL DEHP in Aquatic exposure, Lee and Liang,
Female offspring %
Adult pring % 1 110 L water 3 months 2011
i era, erpl, erp2 expression | (male)
hsr;r':(])irye erp1, erB2 expression 1 (female) 0.05,0.1,1,10 Cell culture, Maradonna, et al.,
patocyt ’ P and 100 nM 96 hours 2013
cultures VTG, ppara, pparp, ppary }
Guppy fish . .
(Poecilia Fry Body length, body weight | 0.1, 1and 10 pg /I Aguatic exposure, Zanotelli, et al.,
. 91 days 2010
reticulata)
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cypl19a, spermatozoa | (male)
T, E2, IdIr, atretic follicles 1 (female)

6 months

. 0.01,0.1, 1, and Aquatic exposure Chikae, et al.
F Body weight, male adult GSI Lo ’ : ’
"y yWelg / 10 pg/L 3 weeks 2004
Japanese Emb Mortality, hatiching time 4 0.01,0.1, 1, and Aguati Chikae, et al.,
mbryo . uatic exposure
medaka 4 Body weight | 10 pg/L a P 2004
(Oryzias
latipes)
10, S?ACL?S) hg/k Aquatic exposure
Adult GSI, VTG, mature oocyte | (female) 5 days (acute) Kim, et al., 2002
1,10, 50 pg/L .
. 3 months (chronic)
(chronic)
e N Aquatic exposure, Mankidy, et al.,
Mortality, lipid peroxidation level
Fathead Embryo y, lipid p t 1 mg/L 96 hours 2013
minnows
(Pimephales .
. T, E2
promelis) Male adult J . 12 g/l Aquatic exposure Crago and Klaper,
fshp, cyp3a4, sult2al, pxr expression 4 28 days 2012
Hatiching time, fertilization, embryo
Marine medaka production | ; GSI, female offspring% 1 _
(Oryzias La;;’iftto VTG, E2 1 ; IdIr, star, cypl7al, 17hsd, | 0.1,0.5 mg/L Aquatic exposure, Ye, et al., 2014
melastigma)
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Chinese rare
minnow

T,E2 1, cypl7al, cypl9a, vtg 1 (male)

3.6, 12.8, 39.4,

Aquatic exposure,

(Gobiocypris Adult T1,E2]|,cypl7al, vtg 1, cypl9a | and 117.6 pg/L 21 days Wang, et al., 2013
rarus) (female)
Salmon Fr Intersex. ovo-testis 400, 800, and Diet exposure, Norman, et al.,
(Salmo salar) y ' 1500 mg/kg 4 weeks 2007
i Sa-reductase activity | (testicular
Car_p legr and : y i 100 s M/1 mM Incubation, Thibaut and Porte,
(Cyprinus testicular microsome) (testicular / liver .
) . . . . . 10-30 mins 2004
carpio) microsome E2-UGT activity | (liver microsome) microsome)
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24 DEHP# #1422 %2 7 & {157 {84
241 P ARBFES

PoAsksd 2N EBA KR NEY TS ok E (CHERFREF) -
AL B N FIRETRPLAEFDIREREAT IS A2 RS
b2 EHFT AP R oA R B B A i T e
LLARH > » ERF IR A RTFEFEY PR o A1 £ TR AR LRITEY i
R T I A T S S AL L ALY
¥ (Endocrine disrupting compounds, EDC)- ¢ 2.3 &-2_ < gk?aﬁ? s DEHP #1447
ﬁi%ﬁ?ﬁi%ﬁ SRAETHFEN LIPS FIRAGRASEEEFLE A28 E 0 1 &
A 1§J< % Hormones and Their Receptors in Fish Reproduction - 2 (Melamed and

Sherwood, 2005) -

AR AN AL Aot BARM DFMBEFE T 0 4 W Ak
% (Estrogen) ~ z2%% (Androgen) f-e+ % % (Progestogens) > d & U;F 7 e cngd it

SRERL WA L P e A - m”?fr%? Hg sy 0 2% r’r L ki *ﬁo?,{i‘!‘mﬁ
o i El Fene XA R Fd - kP|FEEFRLEFHEEFTFLABAS K B A

% & f_ ot ) wteh PAS0 fpl4a# r ¥ % (P450 side-chain cleavage,
P450scc » ~ # CYP11Al) » P450scc ¢ -k iz *& Ffs + % 20 fr 22 5.6 (Cyo ~ C22)
# ",% 6 B ak cipl4d (C27) » A 2 Pregnenolone (B] 2-8) - @ "2 %|fg 7 & % iF StAR
(Steroidogenic acute regulatory protein) i& ﬁig,] oA PSE RSP o gt I

Pregnenolone # & = &g & -2 E

Pregnenolone &_Ffg4f i fi 5 e # & + > it S94k P450y; 5% > P450y, (* #i
CYP17A) £ 3 170-# A it f5 (170-hydroxylase) = 17-20 & j#fs (Ci720 lyase) =
AR A d R T G a3 B ELEcTE L A 2 B (Cos 2 Cus) FlX € 7
Dehydroepiandrosterone ¢ Androstenedione = fazt % A4 o & d %57 > P450;7 2
FAHR AR G ha ot b Flt e oo (Pituitary) A s e RS BkR
(Luteinizing hormone, LH) % P450,; a3+ » £ & (B] 2-8) - & 5 d 3B-HSD
(3B-Hydroxysteroid dehydrogenase) f- 208-HSD g% % i® * > B] ¢ 35 = 17a,
20B-Dihydroxy-4-pregone-3-one (17, 20B-P) » st it & 4 A+ 5 i h st p 5 B2 R
#% (Maturation-inducing steroid, MIS) » fr4 78 ¥z e 7 = 2 4p B (B 2-8) o
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¥ -2 o0k ang oo PlEEE PAS0 > 4 4 it & (P450 aromatase,
P450arom) #-% # Ak (Testosterone) sn A g it = ¥ 3% » ¥ % 19 5t (Cpo) *
9 KA A (B 2-8) e vpipr R M EVEA DA RSN G 0 » AT RS
voérg 4 = (Vitellogenesis) 4% o P A Km0 MR F R G H 4o 0 (L
A AR A XSk E B F TR > ¢ 7 A4 (Salmonids) %@ﬁ%
(Medaka) = £ 4 (Goldfish) (B 2-9) -

EIECA 3 rﬂ?é Meovrd € A2 4 11-Ketotestosterone (11-KT) izfd 4% %) chze
JcE 0 % & P450 11B-hydroxylase (P450115) 7 11 3ip# (Cyq) 4c b ¥4k » %5 d
11B-HSD g it i£ % » o 5t aj = 11-KT (B 2-8) -

ek o Upck B A AR M LS 0 RAHEY MR LAMSERE 8
S AP o AP > 38-HSD - 17B-HSD fv 20B-HSD &= i # i
Tipend d (B 2-8)cd BT A BEFER F B A i 4F e DEHP 4

el AR EER I o REE LFr g o

24



LH, FSH V

Tropic hormone receptor

Pregnenolone

o] |
i

17a-Hydroxypregnenolone 17a-Hydroxyprogesterone

el o

B-HSD

=

Proo«hmno

2-HS0

Dehydroepiandrosterone

|

11f-Hydroxytestosterone

B 2-8 AF AMRY PBERFE

o,
o
17a,208-Dihydroxy-
4-pregnen-3-one

~\

=

Estradiol-17p

Ty

-~

WP v d Bopsseptimio 858/ Ad H5
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F | |17,208P

Plasma steroid concentrations

.
e,

Time
Bl 2-9 AF p2radhz P rhkrgt

(@ z2d4 (b) v 5 24 £ s u R dadrg 4 2 (Vitellogenesis) fe#t <r
(Ovulation) pE#p o 4igh A teT £ F 5 2 FH A2 PR E FERT “TL R > blickt
& (Salmonids) & & % ¥ i 200 ng/mL > e & H s H fEEr ¥ s 13t 5ng/mL -
(E2: estradiol; KT: 11-ketotestosterone; T: testosterone; TG: testosterone glucuronide;
17,20BP: 17a, 20B-dihydroxy-4-pregnen-3-one)

(Kime, 1993)
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242 F M4 AT 1TSS

§F 293 W5 (Aerobic) 2 i1 md chE £ 5 F KA o F R AR NG
8 (Microsome) & {74egifs it ~ & F Bii4a% 85 § AP kB § RE
HiR R kauEY € p RA 2 EEE F 44 (Reactive oxygen species, ROS) o i &
HROS ¢ 3 H4 i % (Singlet oxygen, '0,) ~ 42§ 24+ (Superoxide anion, O5)
% i & (Hydrogen peroxide, H,0,) fv& ¥ p d & (Hydroxyl radical, HO-) » iz
v & F e fcdyiE F RA, = 2 s ROS 4 Peroxynitrite (HOONO) ~ Hypochloric acid
(HOCI) ~ Peroxyl radical (ROO*) 4= Alkoxyl radical (RO") -

— BLFALT  fmre o I TR ¥ fo F AR R 4 e ROS © $ig it |7

P LA G Ry 5~ fLF ﬁ: (Scavengers) > 12 % E & - e

iy bpEE > BRI OFT A - B R (B 2-10) (Regoli and Giuliani,
2014) - A ME&RY frimre FeROS & e ¥rimre Boeni Bigs o B R K

# 4 5 (Reduced glutathione, GSH) #_w® ¢ 2 & & % m,—‘ﬁ‘-"fiﬁ » GSH {~ ROS

f£* {5 ¢ 3 1+ 2= GSSG (Oxidized glutathione) - "* g2 ¢k s GSH » §3F % Fng it

'

f¥% & el 71+ (Cofactor) o H s 4ok w ik (Ascorbic acid, sz & C)~ 24 ¥
f% (a-tocopherol, i & E) - #fs* & § & (Carotenoid) ¥ f8&ime ¢ F 2 iz

FoF CEEIF AR LG ORE DR PR - 4L o dgF sLitF (Superoxide
dismutase, SOD) § —;-,—,.?ﬂff{&; i > F RA A, NS L d 0 HEE BT o

20, + 2H" — H,0; + O,

? %tz SOD HY w &R+ 3 F > Mn-SOD i AP L
Cu/Zn-SOD P75 t*t n¥e B frif § it f# 48 (Peroxisome)® (Nordberg and Arnér,
2001) i FACF 154+ 4 SOD #riftk > L H AP BF & v BEILE S8 5]
oo v RiEF Y4 pF (Catalase, CAT) fr#k® H *xiF § i f# (Glutathione
peroxidase, GPx) iz fli #-E% i* # R Rt E (B 2-10) - CAT 5 E1ias 2
Af% - L &3 AT iEF 1 fea (Peroxisome) s i 0@ A G i i E LB R

F o BEF it

2H202 — 02 + 2H20
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CAT 11 #h s GPx + it fI* GSH iF 3 T+ i » Wit i F it & ehd R F

)f@’f'_ f@;\—lz\?": :

_h»

2GSH + H,0, — GSSG + 2H;0

GPx fr % & 35+ *Sfi i # i+ (Glutathione S-transferase, GST) & s H#-tn 7z 5

P R R AP g ¥ GSH § i & GSSG (B 2-10) > F iAo T

2GSH + ROOH — GSSG +H20 + ROH

P E R 14 2 e GSSG st é’éj,‘f‘gﬂ ek *XiR  fF (Glutathione reductase,
GR) it B R 5 GSH» EATHALF f foif 715 nivy (W 2-10) > £ 7 f 5"
YT L

GSSG +NADPH +H — 2GSH +NADP*

GR it 54 FE % fm¥% ¥ 1 GSHIGSSG W bl afhis %_» Fpt » BeAk 2 5 ¢ 2w

B 48107 > 4 $Himee d i§ 2 e £ &k o % GSSG (0 51§ GR

K72 2>k R wme? hESH -9 (Multidrug resistence-related protein 1,

MRP1) ~ ¢ #- 3 &4 GSSG £ 1) fm¥e 7 o

AP AERIRE LT A - P AP (Phase | metabolism) o= #p &+

# (Phase Il metabolism) > H @ — Hp (R 38f F g B 4e b AR F A0 AR A S AR

4olm?e ¢ % P450 (Cytochrome P450, CYP) %% 72%® cCYP1A v CYP3A &_4 #F

I —;% - R BOEE R BN HR R B AHA P e RN A S
“,% fo i Av iRk o 4 T AR 4 $ 514 (Bioactivation) 1% o @ GST K,lrt i 3=EoH]
P ER s s B - B R 2 - 0 AR J F R RF AP GSH A

2 BB &S (GS-X) » GS-X Bl s &% MRPL £ 1 'z (K] 2-10) » » MRP1

TR 7}16_,; = Hp Rt o

p o DEHP $ 4 85z it @40 00 2 Py wﬁg@;];u Fob s e m
e F B¢ © F BLE T DEHP %% ROS - DNA 4 # 3 % (Ambruosi, et al., 2011,
Erkekoglu, et al., 2010) » 7= DEHP fr¥iz it f7 @84 ] 3 iv* & £ 5 #F » 53

HE R o
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a Lipid
S Peroxidation
~ -

Upid B\
radical

v‘-»
oH
0o~ _-CHCHOH
S y
C )

2\

=] o
Semidehydroascorbyl -
k /  Radkal
/

\ on
Oy o\r_. CHCHOH &
\ /

/:‘\ Ascorbate
Ho oH

) )

8 nx!hl!'é»( nlﬁlt\nl,'n

Bl 2-10 e p A & chpnd (Y TP {oiv* 22

RELHER & F* R > 6 PG 6-phospogluconate; CAT: catalase; cys: cysteine; DHA:

D-hydroxyacid; DHAR: dehydroascorbate reductase; DT-D: DT-diaphorase; GG6P

glucose 6-phosphate; G6PDH: glucose 6-phosphate  dehydrogenase; GCL.:

g-glutamylcysteine synthetase; GlIx-1: glyoxalase 1; GIx-1I: glyoxalase II; GPx:
glutathione peroxidases; GR: glutathione reductase; gly: glycine; glu: glutamic acid; GS
glutathione synthetase; GSH: reduced glutathione; GSSG: oxidized glutathione; GST:
glutathione S-transferases; GS-X: GSH conjugated xenobiotic; HQ: hydroquinone; akKA:
a-keto aldehydes;

MRP: multidrug resistance-related protein; Q: quinone; Q:

semiquinone radical; S-D-LGSH: S-D-Lactoylglutathione; SOD: superoxide dismutase;
X: xenobiotics

(Regoli and Giuliani, 2014)

29

> Excretion



25 N2 HF——FHEA

AR E® 544 (Medaka, Oryzias latipes) % 2 #5524 47 o 384 B0 45 i
4. 4% (Actinopterygii) #44% p (Beloniformes) £ #%1; p (Adrianichthyoidei) £ g
# (Adrianichthyidae) + ##/% (Oryzias) 2 -] 3]9P 4 4 -k 445 % & 95 3-4 24
RAXPE A EREY RANEAs LR FIEE30p Afse ¢ F R
WAL TEFEF A (Ricefish) o 44 2 AR R 23 i * 0 F o dedr 02 72 - 5z 7521 L )
EEgry &k Bk W EFHEZFIBSFTREE 6 OFY - JI*
Heh A anipgbe 3 o0(1) AN (2 AR (968F) 2R RAHFE
(3) "rpenh BAP 2 SRPET o IR RE L BE T RESL LT (4) §
BABSDETHEFF S ARPFAI 0 FEFAREN B) TR PEAL F
"Wy EHETER S e % > (6) 2 LM w2 B2 P (Kinoshita, et al.,

2000) -

A7 & * FLFI (female leucophore free 1) &4 (B 2-11) & {75 % »
FLFI 5 p &5 % 505 2 2 #5755 #4684 (Wakamatsu, et al., 2003) » #+ 8k 5 22 4
2% g Rt chp MY k¢ % Leucophore » it g REPN Bl §A,3%4 F 0 Fp
WA T R - TGS (RMHBI RS R) AV UERETEF RS A2k

L Eap s u] o b F SaPst 25-28CF K 7-10 X WOt L oAow e

5 mm
—

1Y embryos —

Bl 2-11 FLFI § 484 = & 2 & R B ™ ks
(Wakamatsu, et al., 2003)
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M-

B R s ERPCH LRSS

4 47 DEHP &ikims? At b R EARRT F LR B AFTR
CHEHRB Pk BL % 0 DEHP k3 2 pind md poce B R - R
oo RTVE s (TR B d AR P A R T 2

iy PR A RBERTAAZE

1 kBt kR 2 DEHP #F 84 2 2 5 3 PHock -
2. JEP Ak sfedig M A 2 G 454 DEHP ¥ i 2 15 4] o

3. v 4 DEHP $tep g fost g chd deonfiy o
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3. HEpEAE
31 FiEHEM

B LR (20200 pg/ll) 2 ARF - Y pC (2-2 & £)
R S TRy

A

21 % 4 78 4 125 R BIBRERAS YT
A4 pA AR B 3 R §ORA A
— AP — SFRg L EE ]ﬁﬂ’ R I“}(fl‘h)
e qREEFEE AP AR B & (R 1R
i — dp B A T A R(CFH  R)
= 3

o

W 31 3%

AFEG iphs DEHP 34 & 4 en2l = 4 3 Ptk o 4 Fonfha & A A

BRG R A A R AR B g A e R e

&~

0 IR 2 DEHP $6 405 L B4 Xl F S Re ¢ 2
B {0k B A AT o RoBLan A 1A TR o B DEHP chp 4 s+ e 2
HERIP TR § RS i s B ALY BOIER LB H A
2DEHPfry B4 B o Flm BT A B BE ? i PEZEEICAFIAR
ERF RS Pk BT RS AT EF R BARER
A5 EEHDEHP R BRI B F SRR FER 2 R -
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32 R=mFiH
321 FEaA
¥

MEFZ PR (2-¢ £ e A)fq [Di(2-ethylhexyl)phthalate] ~ 3w f= 4 1] )
(Aprotinin from bovine lung) ~ ¢ = %% ¢ f& (Ethylenediaminetetraacetic acid, EDTA)
¢ = '=p ¢ F; - 4h (Ethylenediaminetetraacetic acid disodium salt dehydrate) ~ ¥ 1 i
#owk+ *< (L-Glutathione oxidized)~ 4 % (Glycerol)~i& % i* & (Hydrogen peroxide)
v giiept (DL-Methionine) ~ # A= 1l [NADPH (B-NAD phosphate, reduced form
tetrasodium)] ~ = « ¥ & (Nitrotetrazolium blue chloride) ~ sk @ = 4 (Sodium
phosphate dibasic dehydrate) ~ ¢ = g (Glyoxal) ~ ¢ & (Ethanol) ~ 1-/%.-3-% 5 =
(1-Bromo-3-chloropropane, BCP) ~ £ /5 @  (Isopropanol) ~ ¥ " A m i
(Phenylmethylsulfonyl fluoride, PMSF) ~ *+% — 42 (Heparin-Li) ~ & s & = ¢ fy
(Diethyl pyrocarbonate, DEPC) ~ Bis-tris free base ‘¢ F£-p % B Sigma-Aldrich - # i 4%
(Magnesium chloride 6-hydrate) ~ #4f& & = 47 (Potassium phosphate dibasic) ~ £ =
& 4» (Potassium phosphate monobasic monobasic) ~ #f& = & 4 (Sodium phosphate
monobasic monobasic, monohydrate) ~ = ® & I # (dimethyl sulfoxide, DMSO) -
PIPES [Piperazine-N,N'-bis(2-ethanesulfonic acid)] * - p % B J.T. Baker o
RNAlater® -+ TRl Reagent® Solution ~ Power SYBR® Green PCR Master Mix -
Nuclease-Free Water '# pp % & Applied Biosystems - 3§ 75 p5 (Agarose) FEp % &

Thermo Fisher Scientific

% v 4 (Calcium chloride dihydrate) ~ % it 42 (Potassium chloride) ~ # i 4
(Sodium chloride) *# B p 4c £ = Bioshop - 10% ¥ 4% 5 +%/4 ;% (Formaldehyde
solution 10% in aqueous phosphate buffer) ~ & # i 4+ (Sodium hydride) FEp 4c £ *
Mallinckrodte % it ¢ 4z_ (Ethidium Bromide, EtBr)~ ¥ @& (Methanol)~ 5 it (Acetone)
= % 7 = (Dichloromethane) & Mg %€ & Merck = # % & (Methylene blue) rA ¢
B Riedel-de Haén - #rfiz 4% (Magnesium sulfate 7-hydrate) ~ s & @ 4+ (Sodium

hydrogen carbonate) p&p & »=7 Panreac -
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FEzEe

Estradiol EIA kit ~ Testosterone EIA kit -~ 11-Ketotestosterone EIA kit & Fp % &

Cayman chemical company -
Pierce® BCA Protein Assay Kit pEp % & Thermo Fisher Scientific -

TURBO DNA-free™ kit ~ High-Capacity cDNA Reverse Transcription Kit % pp

% R Applied Biosystems o
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322 HKERE

1.

o o &~ W

10.

11.

12.

13.

14.

TR A BRI E (Stirring hot plate) B p % K Barnstead -

# % % + % 4§ (Electronic balance) p:p 3 2 Mettler-Toledo £ % ® Denver
Instrument -

kFRMBHUEF - W Zeiss o

kg BB Tk (pH meter) B A 33 2L Mettler-Toledo -

% % £ Rk (DO meter) ptp # B Thermo Fisher Scientific -

5 7 @ B 4245 % (Infinite® 200 PRO Microplate reader) it 7 5 53 4

4w % (Force 1418 Microcentrifuges) @:¢ 7 % # R Select BioProducts -

£ A g e 4 (Centrifuge) i 7 5 46 B Eppendorf -

VERERE R RN B 7

Az -k k% (Ultrapure water) FEp % & Thermo Fisher Scientific -

#h% F & F (Tpersonal Thermocycler) #i# 7 % € & Biometra -

P R R L fR4as F ik st (StepOne™ Real-Time PCR Systems) i
¥ » # R Applied Biosystems -

F4p 5 P~¢ 41 (Oasis HLB catridge) ~ 333 3 B~ = (Extraction manifold) pip %
] Waters -

B AR AR K AT R/E - iR L7k P E (HPLC/PDAD) ®i¢ % 5 P # Hitachi -
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33 FHAKEREE

AR ER 5N 2 P L 784 (Medaka fish, Oryzias latipe ) » o p & & = %k
4 7 #7 (National Institute for Environmental Studies, NIES) 'Yoshio Sugaya % #:
Bk X RBRE LS FHPF P % F e (Institution animal care and use

committee, IACUC) % & * £ | ¢ #7537 2.2 § Byh2 ol B R FHE o

AR ERE* hF P4 &k 5 FLFII (Female leucophore free Il) > 405 % 78 if i 40T
(1) % p 638 5 14 ] PR R/0 | P20 (2) T otk kg i 27+1C 1 (3) &
pAad &gzafl (Otohime Bl) @ 32 = X2 pg > A e 1%2 ¥ =3 (Artemia
sp) — = (4) FpPp U FRF P ARFHRBER IR 202 - kE 2 HEA
ok ik K% E S SRS Piede o (B) RO ERIAE B A 2ok
B g e KRR K E kR PR 31 4 o

31 der d gt (3L/40) 2 40T B R B4 15 Blda (22 0 6:9) 0 1
EENSTEE SR E RN T R A L R R R R L SR (Rt

4 (30 L/4n) » &% % & 5 50 & /40 o

% 31 e hER 2 KFiEE

KO R g 2 D3 i

% % & (Dissolving oxygen, DO) 8 mg/L
A @ (Nitrate, NO3) <5mg/L
LA pe B (Nitrite, NOy) <0.5mg/L
% &% (NHg) < 0.5 mg/L
BH R ~17.9 mg/L
FREEBA R 6 - 15 mg/L

RAEE TR <0.5mg/L

pH 6.8—7.0
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oo ey Sk o R AT R RT3 % P A m L (Chorion) e
B i A 7 3 7 (Methylene blue, 4 mg/L) 2 "2 a33 & %
(Embryo rearing medium, ERM, pH 7.2-7.4) > e ] = £ drd 3-2 Py iEi2 L=
pokiv sy 16 | pFRR/8 | PFR A o B R B4F 25+ 1°C o AR s s 45 ¢ 12 30
rpm R BT o & PG G T FEL ERM E Rl 18 W F Rl 2 gy

o

B A CIEIPND I - F SR

B A albPgad 26 FAED

% 3-2 mrsy &k (ERM, 1X) = 4 el £

v & kR (mg/L)
% 4 (NaCl) 1000
Frfidts (MgSO4-7H,0) 163
# it 4F (CaCl,-2H,0) 40
F it 49 (KCI) 30
" % & (Methylene blue) 4
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34 F#4 %k B DEHP R %k
341 2 HAPEBRR%

DEHP % @3k 2 el fj i 4e™ » 7 A5 4= DEHP *t 3 ¢ g3k g ? ¥ 4
»[pk (Acetone) > £ A AR AEFIFR kRS 0212 2mgimL 2 R
i% (Stock solution) » £ #-p* Fie 22 & p k-KAFF 10000 & o 1% TR B
30 A 4B 3R 155 5 BlmF 20 ~ 100 4 200 pg/L DEHP 2 k Biaiv © 9 &

A4+ %2 (0.01% acetone, vehicle control, VC) 2 DEHP 2 22 (20 ~ 100 4+
200 ug/L)

LIEEA B dend A A Lk ﬁL’ ‘5"%{% e B Ao — B0 TR L PeE
Bz w ¥ &2 FLFI #4648 FRest & 3LR L4 g abfi e~ 3 Hope 4
G0 RPR S2EpR TR o F D RBES ATHAL A 8 RE T

ERI: U A

#B2 g AT A S o R B HB LY P R~ K 1000 mL
FRidiez 2 LY > E41E ~ - Heped A > &3 A4 e 2 = & DEHP
BB o~ EAFIRIT o PEIEF 20 % > & p A& S &5 Otohime Bl 2 £ £ &
S R E P T 3k B0%k B RS L ARG B g 0 5 3 X (- Sk

B EEALRETALERT - Fp 3P 14 FER/A0 )RR R
B3 26:1C A AW T Y R ARG &TF NAFRT 0 LR E Y 1621
AT EE P EHFHATAT 2T PR A A 4 iR (40 3.4.2 1) o

FRETHRZAGPEAHEE  FEALHE SRR wiHE AL
Fob e FER UEREFY BFEFFE (o35 97) Fi A BB
SRR RFERR e Y RNAlater® # & % 5% » 77 = # =< A E 1S &
RNAlater® i (74 #rit > #8530 4C 4 I e 16 B0 —80Crkfa iz » &
BEATIARE A (o379 ) F bl - BuEa & g hp it &5 — 5
RPN E 0REF P EELL O EHL 80C kK ET 0 RE VRS R

ik (036 UTiE) G REET FHALEN - LA BT - R A
(2

=y

Qiﬁiﬁﬁﬁﬁé—ﬁ&’%ﬁﬁﬁ%%ﬁ%RWWM@ﬁ§ﬁﬁﬁ,%4r$
IR s B3 —80C kP FEAFILZRE LT (A0 3.7 #rif)sirdlie e 2 gu 0

§ P R R PE A 2 IRIRRIE T 10%7 HARS R B AR 4Tk 0 IiE
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FEE 2 g R {od £ % 23 5 iRt (Hepatosomatic index, HSI) » 35 8 = 3t

= HSI=(+£/8£) x 100 -

342 FHEAZENA =R

AAERRGLERF 1621 X PF - F 5 PRGFHAL P R EY
AIRE A G IR & T2 8305 “,%—i.‘;iﬁé%?’«‘&_’?éfﬁ;ﬁ B b2 Sk is 0 BN
F U HEZ ERM 12304 0 10 33 #af i it o & P jedi & RJL e E A

Fooox {3 ERM e st s % = % 0 ¥ kB s
BLEBPAFEE EF 5 ¥R AR (e 2-11) oA FRn] 0 R w2 8 0s

S Fggi’.g»t;g_.: /RSl e 2| N ﬁ@-%g‘y = g IRV RS AT gL;a: L AT é‘Lﬁ = 5\

b
S F = Hfnrilc - APk
R B R VRES S (RIS
G AR S i
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35 MBrFEFIEAF
351 i if¥B

g BBk RHEALE > P BRI ARBITAMAR RPDREBRRE
BERY A TRIEME L RIS ETA & eha 3% % 800 U/ML 7% — 41k
W eh%| R L g (Heparin-Li coated micro capillary tubes) 4z & i ) e j 3 3o 4%
iR AR BFHRE R T 20l s g deR (el 2 4rd 3-3) iR
P BNk HELY WPER: 0 B3 b LEIARA B R o -5 R 502 100009 He

10 ~ 4Bk TRk > B8 FR (i F) 2er S ¢ e —80°C ik da iR o

% 33 wapgEppdsiE (IX)

e kR
Aporotinin from bovine lung 0.2 ug/mL
Phenylmethanesulfonyl fluoride (PMSF) 1mM
NaCl 137 mM
Phosphate buffered saline, PBS KCI 2.7 MM
(0.5 mg/mL) KH,PO, 1.76 mM
Na;HPO, 8.08 mM
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352 BFEFERRBZ

784 et [ % Jk & 1 Estradiol EIA Kit ~ Testosterone EIAKit 2 11-keto
Testosterone EIAKit :& 7R 2> ~ 47 R 3Z4oT i o 7§ £ £ 2 7 ¥ Estradiol (E2) -
Testosterone (T) {c 11-ketotestosterone (11-KT) % % - {22 4.7 & 5 (Antiserum)
r12 % G o figtedk fiaiv (Acetylcholinesterase, AChE) iz E2~ T & 11-KT 4~ +
i % i B (tracer) o & B B4R &~ LA G foiE B 0 4o~ 5 i (I9G) FF

W
frmt.
ﬂt
A
or
=
(w
Eic
|

(coating) 2z 96 3“5 F Jsis » d *rt L M B LA & T
B s g U & 75 2 B2 T & 11-KT § & Bl L4 s ek &
B (B 322 fsikd ABESEHH PFEI F B0 IV EY e r 7 55
= Q@ A F 7 ) [55-dithiobis-(2-nitrobenzoic acid), DTNB]  4r
Acetylthiocholine (AtCH) &7 Ellman's reagent i& {7 & J& » ' PF3g B+ @ 22 ¢ fig
"Ed fin v € % AtCH -k fi2 > 24 = 4 Thiocholine ¢ i&- % &2 DTNB & Ji& » )= 3 ¢
it £ 4 5-thio-2-nitrobenzoic acid (TNB) ** /4 £ 412nm £ 3 &~ X £ & (B 3-3) °
AR AL B2 T & KT G5 B 50 BRI fR 15 i & kR % KPR
WA MR F SR E R R R P E AL A RRERE S
963 &P R A e~ 50 pub AR &S~ 50 ub LB
Fe 50 UL Hid » R EBF SR ARIFITIP 205 E87F B (E2EIA:22C 0 1
JRESTEIA:22TC 25 11-KTEIA 1 4°C - 18 /| F¥) » F % = {814 R
i% (Wash buffer) /##%3 = » £ 4c » 200 uL Ellman's reagent ** 22°C &4 f B} 42
MRF EFELF i (E2EIA:60 » 45 TEIA:60 » 48 ; 11-KT EIA: 90 ~ 4&) >

FRERGEMMELE N, L LFRATAEL 420nm T 2 sk @ i o
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b gl gl il

Plates are pre-coated with
mouse monoclonal
anti-rabbit IgG and blocked
with a proprictary
formulation of proteins.

L

2. Wash to remove all
unbound reagents.

Y = Mouse Monoclonal Anti-Rabbit IgG

1. Incubare with tracer, = Blocking prorcins
3“'i:mdm' and eilther WO = Acetylcholinesterase linked
SEAARIG OLSAMPIC: to Estradiol (Tracer)

-+ = Specific antiserum to Estradiol

O = Free Estradiol

3. Develop the well with
Ellman's Reagent.

Bl 3-2 ACE™ competitive EIA i£#* 1 (Cayman)

o}

/U\s /\/l’é Acetylthiocholine

e % /\/ﬁé Thiocholine
»

/-‘
0N s—§ N0, 5,5"-dithio-bis-
(2-Nitrobenzoic Acid)
i v

00"

)\

o 2
S A SQw

‘coor
5-thio-2-Nitrobenzoic Acid
A et 412 nm
£: 13,600

o PRk w2 1Y £ i (Cayman)
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36 § B4 P
361 HABFTHBFS FRARALS

AR 2 RSP —80C kBN EH T 15mL R F AR

skt o 4 200 pL k4 s i % % (50 mM Phosphate buffered saline, 0.5
mM EDTA-2Na, pH 7.0) ~ 0.2 uL ¥ ¥ & & (Phenylmethylsulfonyl fluoride, PMSF)
T % Foo pryrd|® > 122 20 uL e s (Glycerol) B ak 7k ds 2 = B ik 3o F i &
Frxk oidft o R FIBT R AR IDF S 0 712,000 g~ 4C T 4 30 A
g0 P bR A KD FE N80T Ml A Aty FIER TR ME

AR A AT 0

&

* 9 5% %P BCA™ Protein Assay Kit® & fiuffe 17 0 2.3 % 2 (7§ fenid v
FoRRAT © Jid i 2 30 FhdBIRET o § % fiardps Cu" BR -
W4rarF Cu” > @ Cu” ¢ 42 BCA (Bicinchoninic acid) ;= 4 ¢ # &4 » #
Btk 562nm T E A A e kiE o F RIZACR 3-4 on

Protein + Cu?* — Cu® (#4% %)

ol O O
ooc ON NO COoO

Cu* +2BCA -

B 3-4 BCA R % Fl
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362 HKFBIEEEMELSI

SOD pl 2> 2 & %% Qlf’ﬂl herligire AR %KY SOD F A E At
AL A it F o rdle ek § E (Nitrotetrazolium blue chloride, NBT) &
Jese 4 (Beauchamp and Fridovich, 1971, Spitz and Oberley, 1989) o B~ #-u %@k’}i
510pg 2R EFHBF R (BT SEEA R D EMMA L0 L) 4o~ F P 96374
£ & B 4 ~ 100 uL PBS (0.15 M > pH 7.8) ~ 30 uL EDTA-2Na (1 mM) ~ 30 uL ¥ #ri=
iz (Methionine » 130 mM) 12 2 30 uL NBT (0.63 mM) ° @ s - #F L33 T 4 » 60
uL 224 % B (Riboflavin > 7.5 pM) » T 1 ag sk e+ 15 A 481 H F i > B (53L&
560 nm TR E R GEE o F v HRET A MIIFF Ee3R B0uL) 2 P E R R
A o ¥ b s SOD 8 pe flik & A I b5k B SOD R4 54
#3230l > ;‘T_'»%;Tf’h‘?]: e 20pl @ A B A EZ dmBR I E R R AE 0 2
s ‘%Hb‘#l’? Foaraf o B kg 20 R EE2 SOD {8 532273 £ F - SOD
ot 7 (Units mg™ protein) %% 5 - # % 39 §#7 7 2 SOD #r4]50% NBT & /i
i d o d SOD HR#H2 F Bk EFIRERE > B ERLEEATRER

F7 Ao SOD 2wt E o

363 §F 1 & RS ¥
CAT Elm 473 E 1+ CAT s dg H3HO0 F 2 =3 5 &K %%E* B 2

H0, % & 240 nm T sk & @ 5 14 1248 5 CAT 2 /84t o Bl 2 45 4 2

7

W

fr= iz (Beers and Sizer, 1952, Preuss, et al., 2000) & 4c 14 iz o B3 FRA 5 2

FRRA R e » 9634 W B UV T R IS R R0 WAL 10 ul
£ % B 4~ 190 uL PBS (0.1 M NaH,PO, » pH 7.0) 2 100 uL H,0, (0.1 M) 37 &
23240 nm A E TR T - AP EERTE (AAu) ) TRITZ Y HRe
PR e o CAT st i (Units mg™ protein) % 5 -  fchd-d Jerg 2
CAT - ~éap i g HoOp 2 38 5 o
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3.6.4  #wk-g riiB RS MR

GRe#& 453 2 4 Fw = Jgiw 7 T 4e i 2o (Foster and Hess, 1980) > % 14
At R s GR %”gv} B-NADPH #fe% » -3 it ji 7+ #x (Oxidized glutathione,
GSSG) # /i = i /& f& # % + *% (Reduced glutathione, GSH) - P~ 3-v %k & % 10 pug
2R SAe r 963 TS UV T RE o BF Y EEA RN ERM L 25 ulo £ A
4¢ » 125 pL PBS (0.4 M » pH 7.5) ~ 25 uL. MgCl, (15 mM) ~ 25 uL. EDTA-2Na (2 mM)
v 25 L GSSG (2.5 MM) © B 74 ¢ » 25 ul B-NADPH (0.25 mM) & & 53 » 5303t
£ 340nm TR = A dap Rk B2 1B (AAgg) YRIT T Y MR EMIRD #KiE
GR 2.1t /& (Units mg™ protein) % & 5 — % schdn For s 2 GR*» = A4 p if

4= B-NADPH 2_:i# & o

3.6.5 FmeH rPipiigA PR ILRE

GST E M~ 17 R Iﬁ‘l_z‘?jgv_i GST st 43 uit B R g 2 #hwk o Pier 1-3 -24-- V3L
¥ (1-Chloro-2,4-dinitrobenzene, CDNB) % #= # = 24- = & & # % 4 *x
(S-2,4-Dinitrophenylglutathione) » rz }* GSH 4 & ¥ (Glutathione conjugate) z_ # =
£ % %38 GST %1+ (Ching, etal., 2009, Grundy and Storey, 1998) o P~ 3-v )k &
0pug 2 R &S F R A » 963 T E UV T RE > B B R FHAMA L 50
pl> & i& B 4 » 200 uL PBS (75 mM> pH 6.5)~30 pL EDTA-2Na (10 mM)~10 pL GSH
(30 mM) > £ %5 4r » 10 uL CDNB (30 mM) R £ 353 {5 » B2 340 nm L £ 7 - A
G kit (AAsg) TR T T Y HRE R D #iE o GST W iE M (Units
mg” protein) % & i - F % dv Feri 2 GST - Ad4p 2 & 5> umole 2 GSH

it
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3.7 AFERELN

7B A OTRHR 512 7 cypla ~ cyp3a38 fr cyp3ad0 F ‘HiRiE A4 - R SHHp
BALF > 2% sod~cat-gpx frgst Edug CAEEAAMATIZ AR EL T 0 TR A
RS TR TR g 2 AFARE V- e FAARRREE
FMER Y & 2a%E cypl7 AF 0 2 sod s cat s gpx frgst E i EEEAPE A
Fl2o A BE AT o

371 % RNA X

- p —80°C k4 Bdfzif > #4 RNAlater®3 % ¢4 » & * TRI Reagent®
Solution % B~ 5 #f & 3758 & ‘]:}_H;ju‘ 2% RNA(% FIHE ] A RIRR I (TR A R X
Ltk Bk Bhe R R (F LR ) o FPedi2 4 RNA w3 3 50 uLDEPC ok © % 3%
—20C k4 %% - RNAJE B @22 DEPC -k 32 % v # 54& @ 14 » B~ 2 uL RNA #
&% % Infinite® 200 PRO NanoQuant Plate™ » i £ & £ 260 nm 4= 280 nm 2_ . % &
#d HHEE RNAKER

3.72 RNA # 1

p 4% RNA # %211 5 ug RNA » 17 TURBO DNA-free™ kit #% ",% RNA ik & ¢

1 DNA - 278 % Zxi¢ * Tpersonal Thermocycler (7 B FEL RSP ) e
L 15 2. RNA F # ™ Infinite® 200 PRO NanoQuant Plate™ ;2] # 260 nm 4= 280 nm 2
ok iEs T od A8 s B RNA E & » S fs #5122 RNA KR &5 > —20C k4 %5 o

3.7.3 RNA § #

f1% o 5 pE (Agrose) & AEini it 52 RNA 57 » § £ BTPE # 753 %
(% 3-4) AEH pEERE T 1% Mok tsm ~ W9 5 0 B2 FrmBes 2o oy pE
P o LB 2 ub RNA =4 pL Glyoxal reaction mix (% 3-4) ~ 1.2 uL 6X DNA
loading dye 2 & 353 # gg.w > & & * Tpersonal Thermocycler 12 60°C 4c 4t 30 4 45 -
BRSO BREP DR A2 g @RS Y o AWM L4 BTPE ¥ 73
R He BABES MIER S > & 100V &7 F A A 47 30-40 A4 o T kAT
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BdtS L UV box LI g™ & F I R F a2 28S rRNA {- 185 rRNA & if i%
# (Band) » RI¥ Frin RNA ¥ Bz = #F o

% 3-4 RNA % 5cié 2 @ape

BTPE (Bis-Tris, PIPES, EDTA) buffer (10 X) Glyoxal reaction mix
Bis-Tris 32.0408 g DMSO 0.6 mL
PIPES 15.22175 ¢ Glyoxal (6 M) 0.2mL
EDTA (0.5M, pH 8) 1mL BTPE buffer (10X) 0.12mL
DEPC 0.5mL EtBr (10 mg/mL) 0.02 mL
YA oK i_& % 500 mL » GlyCQrOl 0.048 mL
ICT 14 - | FiSiE {7 autoclave B imL 4 g ok
3.74 F f#éx

p kit is 2. RNA % &2 1 pug RNA > 12 High-Capacity cDNA Reverse
Transcription Kit i& {7 & #4533 % 2 ¢ * Tpersonal Thermocycler (% 5 # 34 2
R dEELIP) F x> is2 cDNARSFE 200 k47 %75 o

375 TRIEREFHRYEF R

#- cDNA %é’i;%ﬁﬁ% 10 &4 > = Power SYBR® Green PCR Master Mix %
StepOne™ Real-Time PCR Systems it 7 T p 2 £ % & frid 45 F & ( (% Pl &
m R ERE AR D S50 pL R > I 20 pL b o ?%ﬁ.ﬂ?&rﬁfe&#ﬁg FEP)o AF kX P
LB SY AT (rpl7) 2 9B P HRAF  FHREF AFIRIT- £4F - # % 2315

B F4c# 3-5477% PCR F Ji % 2 % StepOne™ Real-Time PCR Systems 3¢ % 2.5
dod 36477 o BB % 1 AACT i35 5 #r4 ASE e dp dost fr ] e £ i e o
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A 7] 51357 (F: %% -R: 8% »5->3) PN
CGCCAGATCTTCAACGGTGTAT
rpl7 Zhang, et al., 2008
AGGCTCAGCAATCCTCAGCAT
CCCCTGGTTACAGATTTTTCCC
cypl7a Zhang, et al., 2008
TGCAGCAGCTGGTCTCTAACTG
CTCCAGCTTTGAGGCCATTTAC
vtgl Zhang, et al., 2008
ACAGCACGGACAGTGACAACA
CAGGAGAGCCTTTGGACTTG
cypla Hong, et al., 2007
ATGCCATCGAATCTGACACA
AGGAAACAGAGATCCCCTTCGA
cyp3a38 Zhang, et al., 2008
AGGCACCAGCTTCAGAAAGATG
AGATGGATGTCCAGGGTTTCC
cyp3a40 5%, 2011
GGCGTGAGCTTCAGTTGGAT
CGTGCTTGCCTGGTGTGA
sod Woo, et al., 2009
GCGATTCAGCCCCTGTGA
GCGGTACAACAGCGCAGATGAA
cat Woo, et al., 2009
GGATGGACGGCCTTCAAGTTCT
CATCATCACCAACGTTGCCTC
gpx Woo, et al., 2009
CTTACTGAACAGATCAAAATG
CACGGCCATCCTGAAATACCT

gst

GTCAGCCGGGAACCAATGAT

Woo, et al., 2009
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% 3-6 StepOne™ Real-Time PCR Systems g 2 2. T & ¥ £ % & e 41 F ik 2

# 2 2R (C) R (7))

Holding 95 600
95 15

Cycling (40 cycles)
60 60
95 15
Melting Temperature 60 60
95 15
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38 mHpEAH
381 zH e

AR R 10%0 BARS the AR A > LR B EREY

G R pe R SRR A o

s rHrr ¥ i¥e %k (Dehydration)~i%5 P (Clearing)~:=:# (Infiltration)
f ey # o f RIUFE S BN GRS B BT BB (2 7 F
Be S A]) BREHE o R BB RGP R CEAIT S e RE BAH T (B8
45-55°C) frdl ¥, (% B-56-60C) =B > B8 & 32 7 s (Paraffin block) 12 if
Foo AR HmeK e P2 BRL5ume B R BRI DR 2 A Bk 37 -

1 k 30 & 45 | B
2 70%:FH 1] | %ok
3 80%;F i 1] | %ok
4 95% 7 1) | 5ok
5 95% 7 2 1 pF | ok
6 100% 7 1] | %ok
7 100%;7 1) | 5ok
8 100% 7 2 1 | ok
9 | " FB&E | 1] | AP
10| =" Fpeim | 21pF |
11 T o 1/ p | xR
12 2y 2/ @ | iR
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382 FHYT PR

AR ABEFFHA LKL EY RAKE R 24 ¢ (Hematoxylin and
eosin staining, H&E) et % « H&E %4 1% fhA % 2 & = 4 b #-imi 1% % fwie
Fdhd » VAT AMESSHER L EFme RGP o 1 p Bk BRF HEE

8 %ok 38

% 3-8 fHRELT HRE 4§ 4%

1 8 EBRE 544
2 " F B H| 554
3 " F Bl H| 554
4 100% Fp# 30 #
5 100%;7 30 4
6 95%F 30 %
7 80% it 30 #
8 i 1474
9 4 g3 ok 30 4
10 | #& A% (Hematoxylin) | 1 445
11 ik 1448
12 Bz 42 (LICOs) 40 #;
13 ik 5 A4
14 80%F 30 %
15 # = (Eosin) 34
16 95% F it 30 #
17 100% ;7 144
18 100% ;7 144
19 100% 7y 144
20 =" FBE 2 A hs
21 - " F Bl H| 34k
22 =7 F B R 548
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383 ¥ HFpRzn

Fralefet kR DEHP AUl e £ #4538 Supdfon G2 dieiasy $8lim, 1Y
ARSRIFEFES >N ER 08 MM I 225 mm 2 T35 10 B H R TR o
BHEERLS X2 2w A2 Fe 2] =2 e 07 fi % 1+ (Dietrich and
Krieger, 2009) © 2 5% ' #4535 2) fi 4o B] 3-5 (PA P &) B 36 ((2d F 1) #77 -
P REETIRER PRl L e BlAoR 3-ToME A e F T ORR RA G
¥: =4 (Perinucleolar oocyte, PO) ~ % & % ;¢ ¥y (Cortical-alveolar oocyte, CO) ~ #F
% 2 = = #p (Early vitellogenic oocyte, EV)-~ “F§ # = {5 #§ (Late vitellogenic oocyte,
LV) ~ = 3 “» 3+ (Mature oocyte, MO) > @ £t {5 2 jmiz ¢ 75 = 3 %8 (Corpus
atreticum) o @ 22 4. 4 78 wPe % 7 8 B & B 58 R 0% (Spermatogonia, SG) ~ %

fn®z (Spermatocyte, SC) ~ #F im?z (Spermatids, ST) f=#F + (Spermatozoa, SZ) -
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Bl 35 FHACEA L BN

PO, perinucleolar oocyte; CO, cortical-alveolar oocyte; EV, early vitellogenic oocyte;
LV, late vitellogenic oocyte; AO, atretic oocyte
(Dietrich and Krieger, 2009)
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Bl 36 Faeha®i s

1, spermatogonia; 2, early primary spermatocyte; 3, late primary spermatocyte (dividing

diplotene) or secondary spermatocyte; 4, spermatids; 5, spermatozoa
(Dietrich and Krieger, 2009)
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(A)

3. Spermatids

q.nrv

"0\" >

6. Corpus atreticum

AT

4. Spermatozoa

Bl 37 2RETHEIFEWEAER
(A) g or i 2 92
B) 224 %1 24 smmre

(Dietrich and Krieger, 2009)
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39 RBARERA
391 RBARESEY

% 341z > ;xfe% 20~100 % 200 pg/L 2. DEHP 3% » £ &4 A4 Y % &
FHRYPFS -Frs LB - X KREFPUATZREIRTFL R F B
EREHEES LA AR R B2 DEHP JER B &3 - T2 k4
& H4p % B~ (Solid phase extraction, SPE) = ;2 )k g (RN NP i Ll
(High-performance liquid chromatography, HPLC) 4 47;3 /% ¢ DEHP z_jk & - *w

A FTE & 4T g o

392 HEDRILZE FAPEH
2F :{B’»aﬁ,ﬁ A TR /,;Jezz Tk AT o4 2 T 4o gz (Garrido Frenich,
et al., 2009, TFrxfask Bt R F R B K% 77, 2004) - £ 4100 mL -k A F 3 pH =
22% % > FikA®* 5mL=- & 7% (Dichloromethane) ~5mL ? fEfe4mL 42
Bk kT fgEz E i Oasis HLB B4 52~ ¢ 41 (B 3-8) » 2 & -2 A Rk A = 7
>EARE B A g FTF AR A 0 B & kRO 2 10 mL/min o B A1 kR
HEFHE FENFRAPIP g B30 4 ZHFRAJT 4mL 7 f3{-4
mL = & 7 ‘= DEHP & (Elution) » #-fc B 2 e JiR & 7ok & JR¥F > S8 ®
FRi-kiE2 RS T2 1 S5mLe KAPE PR id 2 th&H DEHP IR R & Rokik2
20 & o

SAMPLE EXTRACTION PRODUCTS
~ =

AL N T 11 11}

L LD

Bl 3-8 FAREEriR * 2 Ffrdk iy E B @ (Waters)
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393 B ouitAp k¥ %A 15 i 2

I RS T s HPLC AT S W 4 e e sl i 2k
(Wang, et al., 2011) - 4 472 # #4p (Mobile phase) '* ] 5 95% 7 [ fr 5%4g # -k
ik o & 448 1mbs & 47 ¢ 41 (# 4p - Stationary phase) Purospher® STAR RP-18e
5um 250-4 (Merck) » ¢ 18 B3R T 5 40C > &L sl ff 5 20 ul > =+ - &2 &
FrRER A 10 4 450 k- AL 52| B (Photodiode array detector, PDAD) 2_ | z_
£ 5 190—-400nm > T RIAE RIS 228 nm o

394 HEMm2E:

12100 %™ %4 DEHP R & 5 7413 5 01+025-05~1~2~5mg/L 2 %
Wigite > 1T e LSRR & o 10 F 20 4p B 47 RiE 7 4 47 - DEHP 2% (5 &) &% §
pri (Retention time) 6 4 485 1T > d L EREEZEZF o e fF Ly k
B X b R o et 2w il (RD) 0 F A e erit v 2 ki i
f255 2 R%354 32 0995 ¢ & &%k B2 DEHP # Bz LG fFAECRERE R
7 DEHP k& -
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3.10 s34ads

* 3 % 12 Statistical product and service solutions (SPSS, version 17.0) #c#8i& {7 -
412 Levene'stest e fitte TA LR R BT R T F R A dchk FRIME F]S ¥
/15 (One-way analysis of variance, one-way ANOVA) # z e p 2.5 5 £ 8 > F 7
¥ Z B > B2 Dunnett'stest £ (7% {8 ¥ Tk v g e foirdlle s BFang B F
KR8 BF o Pl Welch ANOVA 4 = e p £ F 5 28 > £ 12 Dunnett's T3 i 5
TR T oERETL *1p<005 Bl&°P AEF*R A 4L T2 e frd) oz B
a4 R o F %y ToE + &% (Standard error, SE) % IR o
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4. BHFaitw
41 RBRRERAFES

A G R kAP K AT R (HPLC) A 475 Fl4p 5B~ (SPE) k%5 20 R k &
AR TUFERAR Y DEHP R © £ 918 o B3 ik & DEHP 08 52 i %
i T g A PR 5.8 4 42 k% 5 4 o DEHP IR R % 1 & S A M o Bl 41
it B ARE S DEHP B2 R dn K AT W o k200 T K Z jEaL
7| 1 ;¢ ® (Photodiode array detector, PDAD) % iRl & 3 228 nm ™ 2 #x 4k B3 >
FLRFGPERT L 5.8 4 42 25 5 DEHP 4% 2 vk Jo % Bl 2 8 - % (]
4-2) » T iE— HAER(S F DEHP =t 2 B 2 gl o

AAAAPEBIHRPT S - F oW - LB - 2 i2(7 DEHP LR A 45>
4 7 Fk}iﬁ?ﬁ&g%@iﬁ/”\‘iﬁf; yih~ER A X fho KM ]v}x\}ﬁr; s 475\ 2
ikl (RY) 0 5 420 or o 2 ke d £ 90 0.995 (# 4-1) -

20 pg/L ASL e @ )17 2. DEHP ik & 4 18 pg/L » 100 pg/L AU® e ip) & 4 % 107
ng/L > 200 pg/L 2 2 PRI 7 %) 174 pg/L DEHP (% 4-2) » & 5.5 % {oipRlik & +
SpiT e 2 £ s e AF ¢ DEHP 2 3RB 5 A - DEHP fokig® % 2
FAF R RfE LRI EF I > T FHREFED LT 80%EBE AR T A
FRHDTFHARBRE L
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o
-
o
w

0.080

0.085

0.080

0.075

o.070

0.085

0.080

0.055

0.0580

0.045

0.040

0.035

0.030

0.025

Absorbance (AU)

0.020
i || DEHP

0.010

0.0058

0.000
-0.005
-0.010
=0.015

=0.020

DEHP
v

A AN

1 2 3 4 5 & T a -] 10

-0.025

=0.030

(=]

Retention Time (min)

Bl 4-1 DEHP % %3 ik 2 & »cix Ap & 47 Bl
() 2mg/L {52 5 (b) 5 F4R 5B~k 45 20 3 2 100 pg/L J i3 i 5
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(@)

(AU)

0.003

0.002

Absorbance

(b)

(AU)

Absorbance

Bl 4-2 ¥R

\_

—~ —

T | T T ‘ T | ‘ T T ‘ ‘ ‘ T ‘ | T ‘ T T | T |
200 250 300 350 400
Wavelength (nm)

‘ T ‘ T ‘ ‘ T T T | T ‘ | T T ‘ ‘ | T T | T |
200 250 300 350 400
Wavelength (nm)

0K 47 4 Br2. DEHP 73 i 12k = AR E8 5 4 P B e P 20 v Sk BB G

(@) 2mg/L 15 5 (b) ‘£ F4p F B~k 20 B 2 100 pg/L & & i3 % ¥ &
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# 4-1 DEHP z & & 5

po M A - ke (R)
1 y =5793.1x + 341.78 1
2 y = 6048.6x + 344.76 0.9995

y = f~ w0 x 7 DEHP 2 k& (mg/L)

% 4-2 DEHP % &3 irik A A 174 % (HPLC/PDA)

Nominal concentration Measured concentration
(ng/L) (ng/L)
VC N.D.
20 1761 + 1.44
100 106.62 + 17.83
200 17444 + 16.01

Data shows as mean = SE (n = 4); VC, vehicle control (0.01% acetone); N.D., not
detected.
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42 R4 HREE
ARHRBFFHADREATE RIS RS e FEL A R

TR AR e EBIHRY L6 A E LT P REEHS A2 A

PR EAR 43407 ol 16 2 1% 21 %i,‘?«ﬁéﬁ’;{iéi’%ﬂﬁﬁm

3F 0 20 pg/L AR e 5 T 3aA ¥ 46 3F 0 100 ng/L g2 = 5 T 5% % 35 3F » 200 pg/L
BOL i p) 5 T 3ok 4 37 4F o K3t A 55 % 37 100 pg/L 4o 200 pg/L DEHP g2
w2 AfFA PR F OIS > RP DEHP kR € R0 FHbhchA TR o § %

DEBRRFHADETE, > BRI - HFHAZ A THES P §RF - £
WEFRE P ACREN 0 OV FRE P LA FEREER > DEHP AU > ¥ #r4
A THRE 2 REFERDEHP AT e | o Ak BT KB 2L X 2 H p AP ,

Flie s T 0% 4 133F > 20 pg/L AL 5 T 55 3 9 4F > 100 pg/L fr 200 pg/L
PG 5 L 3ok 4 697 020 pg/L g2 ez & P B K i 30%: 100 pg/L
fr 200 pg/L A2 o 5 fdy 4] e > 50% (B 4-4) -

g
5o

2.

=

ek
ET

B

o

F PRI EFEEAE IR > LR e B R S i s
P Fdvd 43 0 o d WRHRE T 2 pHEh 5 FLFI &k > Brpd i A AL 09
¢ % %z (leucophore) » § 2758 ¥ 1 32 - % » ¥ AFEMHMETEREF £F X
A LR (RE X AL R G) > P E S AL bl (2 43) kBT %
% 16 % 3% 21 % B3t A 47 ndiche™ 4] 512 %F (n=8)>20 pg/L T e 320
3 (n=7) > 100 ng/L /&2 2 276 3 (N =8) » 200 ug/L &2 = 294 3 (n =8) » st
PAYTE RN 0 RJLEZ XS L F 2 FAe b bl ed gl e dpt Y
Xy BELR -

g w R w0 R DEHP 34 58 a0 B8 % £ DML hd Pl @
A ErHPBORIT LA ER o AT BED DEHP #4445 A ¢ £ (I
Foo B1RF S A Y kg - oo kMR @ 0.02-40 pg/L DEHP = i dwpiisa &
(Zebrafish, Danio rerio) > fr & g2 2z d et s 3F > B R F A P E & F R0 50%
2+ (Carnevali, et al., 2010) - ¥ — 12z sa 5 4 i8 {7 0.2-20 pg/L DEHP -k %8 % &
P H% o RBE RS ARIE PR A RS i B BB APE RS
Bh o wixpArHcp B4~ (Corradetti, et al., 2013) - 12 4 /4 ke (7 £ 4
DEHP % &% <0/ 1+ F dple e > 3% F Sk #-it — ¥ enja -k 3 46 4 (Marine
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medaka, Oryzias melastigma) # #% 0.1 ~ 0.5 mg/L DEHP & 0.1 ~ 0.5 mg/L MEHP
(DEHP 2.3 & “#tAd $) &= B » L FBdforpd A ol fo R AJ cwg § foze
ARAEFRY S X338 A Pl B % M DEHP AgZiez 2 & foirfl i A%
08 13> MEHP Ao e plfeizdlieiz § B ¥ £ 8 (Ye etal, 2014) o ie } i F g
CEAAPEBARZER I HME S BuIrk BEE LR R T4 Pk Re
% BFIIF T L AeAg e o

AR Y 5% % 3R 100 pg/L - 200 pg/L DEHP € 3 % > 84 DA P& > @
20 pg/L e it R feirdle il BEF AR > L bk BR %D T > 20 pg/L e
2 TymE g AR Ul Bim kR DEHP M7 i A 2 A o d %
20 pg/L 4r 100 pg/L % & DEHP crsk s in k& fo BN - F10t A 8% A TR 2
BB d A F LA
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-O-VC
—&—20 pg/L
—8-100 pg/L
—-200 pg/L
60 -
50
=
=
=
3
v
Ep
EC
&40 -
S
g
=
g
=
=
]
B
=
= 30 -
£
=
S
«
20 -
10 -
0 . : . | |

16 17 18 19 -0 )
Exposure Day

Bl 4-3 FHbh &7 DEHP 2 R f & P & % 1t
fcth o mean & SE(=T8) LA e *hw 2 P ATHL L B p A

(g

(*p <0.05; **p <0.01) -
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16

14

12

[EY
o
1

Number of eggs (#/pair)

VC 20 100 200

Dosing concentration (ug/L)

Bl 4-4 7H-4 EBEDEHP % 21 p HEp A
Bhp )t mean £ SE(n = 7T8)EM o FEm e rdles AR HEFLE (*p <
0.05) -
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% 43 T4 B DEHP % 16 1 21 p AP 2 F A5~ i F R PRt G| TR

Concentration

(ng/L) Fertilization rate!) (%)  Mortality rate™® (%) Hatchability™ (%) Female/Male ratio™  Total eggs (n)
VC 85.10 + 1.73 3.76 * 1.50 96.24 + 1.50 1.33 + 0.02 512 (8)
20 83.47 + 6.83 651 * 2.69 9349 + 2.69 128 + 0.03 320 (7)
100 71.04 + 11.19 1538 + 7.67 84.62 + 1.67 1.47 + 0.01 276 (8)
200 9205 + 1.74 405 + 198 9595 + 198 155 + 0.07 294 (8)

Data shows as mean + SE (n = 7-8 pairs) during day 16-21; VC, vehicle control (0.01% acetone)
[ Fertilized embryo / total embryos per pair

2] Dead embryos / fertilized embryos per pair

BT Hatchlings / fertilized embryos per pair

(I The sex ratio of F1 generation is based on the total hatchlings of each group
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43 pAREBHERS
431 sFRge (HSI)

AL 21 X DEHP kB ki k16 0 2wl B gt g o TREE 2 B E Xt
B OHSIo B %87 » dpp2 HSI ¥ B0 o e @ d &2 4 3 HSI anid sk

W BRGHELE (A 44)

R L £ B ﬁjﬂ}ﬁé;}% £ %k 5 FHEE

ek

[4 4 E x 100 (Slooff, et al.,
1983) ) ¥ A L R B IIBRBE S L5 0 31 AT & TR :),%E% SRR S
WIp AR e B TR e 0 G VR AUTR e WA < TR e e 4 0 i
L 3F ISP TAd 0 &% 5 % ¥ (Polychlorinated biphenyl, PCBs) ~ 7 # 4 &
#Z  (Organochlorine pesticides, OCPs) # % 7 = 4 3 (Polycyclic aromatic
hydrocarbons, PAHs) % /= % 4 - ¢ i = HSI & % % it (van der Oost, et al., 2003) -
FRn 3 o HSHAp A 5t 2 33 X4 RnE B Rl e & mp o § A
RO @ % b d N E e 0 H HSI 35 ¥ # &€ = hoATR o

=\

g.

AT o R Bt g & 5000 mg/kg DEHP enzefd s § 4 0 H HSI A
¥# < (Uren-Webster, etal., 2010); | &%k B F % ® 12 T JR & % 1% 2% DEHP

o

§ I ILIFHEE A P % 0 i 2 9F5EE (4 (Ishihara, et al., 2000) - & % ¢ HSI
BEFREOVALARY ZABHLIREAMER RO AR ZAHE
w HSI & P 3o i -
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% 4-4 FH-4 B DEHP 21 = {52 svgi

(a) Female
Concentration . . )
Body wieght (m Liver weight (m HSI
(kg/L) y wieght (mg) ght (mg)
VC 240.15+ 4.40 7.27 +0.28 3.03+0.10
20 233.94 + 13.17 6.22 + 0.65 2.63+0.19
100 264.18 + 13.34 742 +0.72 2.76 +0.18
200 245.29 + 11.56 6.73+0.71 2.70+0.22
(b) Male
Concentration . . ]
Body wieght (m Liver weight (m HSI
(ug/L) Y wieght (mg) ght (mg)
VC 234.45+9.42 3.53+0.27 1.49 + 0.07
20 255.11 + 7.37 419 +0.32 1.63 £ 0.09
100 250.50 + 11.45 3.57+0.42 142 +0.14
200 251.18 + 13.10 4.39 + 0.46 1.65+0.13

Data shows as mean + SE (n = 7-8); VC, vehicle control (0.01% acetone)

HSI = liver weight / body weight x 100
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432 EFPHFEFIELFES

AR RIE T PpEE 4 w f ¢ o Estradiol {- Testosterone Jk & 0 74 % 22w i ¢
¢ 11-Ketotestosterone (% 4-5) > %% k-7 - ¥g 4 2 Estradiol Jk & G 522 d 2 - &
v+ > Testosterones Jk & flt w2 B £ £ 7 ~ - @ 2 4 2 11-Ketotestosterone Jk &
"% DEHP k @A 84 5 &2 o e A A 475 % M1 #7F DEHP AJZ ‘e chfd 7 fi:
FERBEH LI EEFALR -

BiEg 5 R AmERE S > 4 2P 92 Fm (Cholesterol) 5d — i 7]
P enit gk &8 AR R ESREY > BA S S5 Testosterone
@ Testosterone 5 d 7 I fm?2 ¢ % P450 2% (Cytochrome P450 family) =np% % i %
¥ g iv 5 Estradiol & 11-Ketotestosterone » = -*Ff A G AR L B dwpgk fosk

FE o

ﬁﬁﬁ’ﬁ%ﬁiﬁ%%¢%m£¢&9?z FengEl o 193 Wk R ¥
20T R ECTRBEFEEY AL TR FAFLPMPAER A FT
REAPOPAREFLARST > RERFE % mi‘a\.\»é;,,&\l?;%] RN

z Bt K,éft ; (Kavlock and Ankley, 1996) - M ia fi 5 5 P} & ki sid £ & - Tk > 4 4
M BFR Fa s g ivr K 2 A M e 2 W i blhoif e fr
PR T > AP ERE FORRI Y LARETHERIE P 2 - o
w AT & k3 DEHP e ffe @ 4THLAF 58 1 e o 3 e ¥ JRoa men
s g ARl oo JI* e ikep e (Fathead minnow, Pimephales promelas) # #&
12 ng/LDEHP - i * 5> 22 4w F ¢ Estradiol Jk & & ¥ 14>t 47 4] e iz Testosterone
kR iz 3 %1 (Crago and Klaper, 2012) - #f7% #j #7° (Chinese rare minnow,
Gobiocypris rarus) % # DEHP 21 % 1& > 39.4-117.6 pug/L DEHP aJ? e g frie g,
# w F Testosterones k& ¥ A ¥ B *vip#lke 5 e i - Estradiol kR S G o
12.8-117.6 pg/L DEHP e i b H Jk & 8 % "% 1 > 39.4-117.6 pg/L DEHP aJd? <
24 FrBE ¥ %7 (Wang, et al,, 2013) % & 0.1 4= 0.5 mg/L DEHP = & 1 ¢4 -k §
# 4. (Marine medaka, Oryzias melastigma) 2 4. x # ¢ ¢ Estradiol Jk & % ¥4 = >
Testosterone R X 3 % it ;0.1 mg/L DEHP d® s 4 2 Estradiol f= 2~ &% + = >
e 0.5 mg/L DEHP /&J2 swe b 4r §_Testosterone &8 % # = (Ye, etal., 2014) -
kS FHRERASNEE o % ) RPE N ke RS 0 B

3% 4 ¢ p4 DEHP 334 96 ) F¥(s > mps A @ L% A 17 (Enzyme-linked
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Immunosorbent Assay, ELISA) 4 7 % # ¥ ¢nEstradiol Jk & » % 3 10 4= 100 pg/mL
DEHP g2 jp| 18 2. Estradiol & ¥ <> 3242 T &% & —F i % (Gupta, et al.,
2010) - ¥ - F &R A FFET ”ﬁlzi B % sn %2tk (Human adrenocortical carcinoma cell,
H295R) » st mPefhp 2 MR 5 & 2T Z A FEZ > Pl % Z{xﬂ‘ “v- DEHP
% 48 | pFis > 2 ELISA 4 4733 % 2L ¢ ¢ Estradiol ¥ Testosterone » % % & 7 °
1-10 pg/mL DEHP s 2 p| 7 2. Estradiol JE B B F 3 >4l > » EHE—F &
M %5 @ 0.01-10 pg/mL DEHP &2 g ¥ 2 Testosterone Jk & (LR ok VN
(Mankidy, et al., 2013) -

Y i pew JEE g R DEHP $4 7 f fg—:ﬁvnggs; RS T ARN AYE
ZAap R 2APENEH o A dFe Y b 2 A (Reproduction cycle)
noA i@fjﬁg’ﬁ DR g (B 2-9) 0 uepd b P T (Vitellogenesis) pF
# Estradiol ¢ &+ = > i &t (Ovulation) = Estradiol {- Testosterone ik & '
¢ 75 (Kime, 1993) - ddxsddim i 5 &2 4 (5% b GhpF > BA RGPS A
AW > FEFZG T AL R R SR FIL - -

¥ B¢ DEHP AUz Miaf 5 kRS d el ¥ L8 > &1 DEHP
* {%ﬁd AR FRE KBS LS AT o“f g2 %t > DEHP #f 4.5 20 & 22
Jr# 11-Ketotestosterone «§255 » B w chip AT 3 > 0 & F B2 Hdp ¥ A 8 8 G
Bamf FERAKET KRG DFR -

71



% 45 FH-4 % B DEHP2L = S F ¢ i FIER

Estradiol (ng/ml) Testosterone (ng/ml) 11-Ketotestosterone (ng/ml)

Concentration

(ng/L) Female Male Female Male Male
VC 8.48 £ 2.96 0.66 £ 0.24 148 +0.19 1.33+0.28 0.81+0.28
20 8.56 £ 3.17 0.75+0.13 1.15+0.18 1.82+0.33 1.69 + 0.20
100 9.47 + 0.63 0.63+0.14 1.36 £ 0.18 1.83 £ 0.30 1.76 £ 0.40
200 8.33+£2.19 0.68 £ 0.13 142+0.14 2.40 £ 0.52 2.00 £ 0.63

Data shows as mean + SE (n = 3-4; each sample contains blood from 2 fish); VC, vehicle control (0.01% acetone)
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433 pPARIPMAFIZRE

kAT DEHP €3> FaA AT E - 3 FF Y AEd P A AR M A T
LI 0 k) 2 DEHP 60w ap 157 408 H 8 4 TR

AL A0 F R FEY cypla~cyp3a38 fr cyp3ad0 hik Fl& R E (B 4-5
A~B-C)s %87 » &% & 100 4~ 200 ug/L DEHP 21 = {4 » ¥ 4% ¥ cypla
fr cyp3ad0 sk F1 & & ¥ Ak drd] (200 pg/L DEHP a2 crvg g - H cyp3ad0 sz
Fld I frdpdlietpr g2 A E B ¥ > & Dunnett’s test i3tz p EiE 0.075) > AT
DEHP % & € Frdlep g 7757 — 8 S a4 A 714 0 B 800 b N Rim 4 4
Higg 4o H e F A RINA ‘£ 7 cyp3a38 ek Fl & R £ Pl g f
(Dunnett’s test se3+2 p EiE 0.070) ¢k » H &L F L RArdrdlletprt X5 ¥ L
P AFRAIRABF LA L T AR FEOBEAERI Y 2K
x o

FAVEMIER SR F > BPM G - kPRS2 RS iﬂ}é“f HikE
2 # (Xenobiotics)- sn*s ¢ % P450 (Cytochrome P450, CYP) f%% 72% ¥ ¢ CYPL1A
{o CYP3A 4 s L & § § - ¥ ¥ (Phase | metabolism) k% > > H §

(Monooxygenase) » it #3 it 2 f g it & i o Bb kA G A - BEA
(Hydroxyl group) » 3 4v 2 -f s fi 4 248« - “f TR R R vt s bR
e CYP3A 72+ 3 zﬁ&”ﬁ KPR A MR G ) CYP3A38 ¢ &
Testosterone 6 - 16 i ¥ & {7 2¢ A it ; CYP3A40 R E_¢ & 2a fr 6P chix ¥ &
722 2L v (Uno, et al., 2012) -

@4 CYPLA RiLi®5 WRl> 4 %M RF R P hd Fipth > 403 4%
(Polycyclic aromatic hydrocarbons, PAHs) ~ % # 7% % (Polychlorinated biphenyl,
PCBs) ~ £ ® % (2,3,7,8-tetrachlorodibenzo-p-dioxin, TCDD) & & it g & © & 4=
(Halogenated hydrocarbons) & » iz 4 v & 4 1 & F 22 % 42X % (Aryl
hydrocarbon receptor, AhR) =12 3 i®% k2 = CYPLA 4 F1& 3 (Regoli and
Giuliani, 2014) - DEHP chit 8 248+ § ¥ » fr ANR < 7 it & F 4p & 4p B 612
30t P R P K & & DEHP {48 7 A FlicL 5~ 45 (Microarray) 0 # TR
AhR~CYP1B1 fr#k ¥ it 4= -k f#fs (Epoxide hydrolase) ¢ 1 ¢ < 3|+ 3> @ g
ipths frg R4 & s4p B (Lovekamp-Swan and Davis, 2002) 5 ¥ - w% § %~ 3
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7. DEHP £ 5 4p #4433 5 AhR @2%i# £ (Agonistic activity) (Kruger, et al., 2008) -

m CYP3A eh& P X % B+ < 48 (Nuclear receptor) # 47 » 4 2T 5 i
2. PCBs &7 % L& 4 R > ¢ kadufpqfs X £ 4 (Pregnane X receptor,
PXR) # %4% - < 48 (Constitutively active receptor, CAR) » @ PXR & CAR i&
rehis ¢ frdEad & X % 88 (Retinoid X receptor, RXR) &% & 7)== & - R 4
(Heterodimer) > ot £ = BH T ¢ % & &4 T DNA B 7] > 1 ELH T 250 A Floh
# I oPXR o CAR il 53 fcde3s 5 — 0~ = (i o 2 % F 489 35 (Drug
transporter) » %4 f= 48 G ‘bR 44+ 4~ £ & (Honkakoski and Negishi, 2000,
Regoli and Giuliani, 2014) - — j & * A $giF5mre it (7 87 7 % I » DEHP ¢ %538
feds PXR %3 % CYP3A4 a4 (Cooper, etal., 2008) - e p % 4534 DEHP ~ CYP
BN 2T ﬁ%ﬁa"/‘ A RFRFAFE A0 R DEHP 42 CYP
A TER ] k2t W AR S ruef §U s dm e (7 L sk $t 9 0§ DEHP
Tt AR O AP BME SIS FoNE . F L tARTIEIESE ) B

Tl

RN =R O

=

fﬂ

CYP P RO5'F 1 827 A4 N2 an b v > o 57 5 FRERAE L R D
26X CYPL7 48R3t Lpi  FPRFEGF Llo-fpA s
(170-hydroxylase) fr 17-20 % j#f# (Cir0 lyase) it > & g sgiisg? - CYPL7
i 7 % %pr (Progesterone) £ :zejgcd 2 [ crfdd > F]pt g 4 P K ¢ P w2 R
WAL ¥ £ & (Bury and Sturm, 2007, Kazeto, et al., 2000) = #~ § 2 4 17 1 ¥pi2 4. |+
e cypl7a 14 R (Bl 45D) > %% #7F DEHP A2 e ¥ foipdl it § M¥ £
PoLsmpmdiEE FA 17 % DEHP 7 &4+ B AFE F LR fg‘%%,@.
2_APE o

AT AT MR AFRY vtg A FIA R (Bl 45 E) o P W Fv
(Vitellogenin, VTG ) £.%F§ 30 crmn Sgdr » F L3 E 37 ~ R A K ~ 3 88 ~ 43¢
FA A Hanpt B o SR BN € 4 iR o Ea R

,‘H_:

eA A AR VTG 2 (65 RFED PR > G- AFEER ER (& fB P
TR - AP AN SR OB 0 R P (Kinoshita, et al., 2009) o ¢ **
B b en e s SFRR S R E ARG BRIT] VTG g 0 se VTG & = G RB Y 3E
TR ARFRELDER S ##ﬁﬁl o T A v/,%#ﬁ ! ’ﬁ“ﬁ,{fhi‘}ﬁ“’ VTG kR % 1%
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e PRt B3V R AN EE g+ ] (Celander, 2011, Miller, et al.,
2007) - AR B kg K o AT A DA TR RS RIPAITERY Vg ik
FIAB e Il R FHEEFLE 0 £ XWP 7 DEHP BEZE N Ak sursoh
chi 1 ] kig 2 24

Koo ?}I%W’}épﬁﬁi“ v = I DEHP $F VTG (2 55 A s % o ,@]‘%
A% d kB 150 ug/LDEHP = B 7 5 #p g ¢ VTG o BHFR Y - 224
Pl 2 g yrdleizd 8 (Kim, etal, 2002) % % 0.02-40 pg/L DEHP = i a5 4.
vrd o B¢ VTG kRS DEHP % % %) 2 & ¥ %~ (Carnevali, etal., 2010) - ¥
-3¢ Ak a4 (Marine medaka, Oryzias melastigma) # 4 % # 0.1 f= 0.5
mg/L DEHP = i 7 15 » 2 d5%5° VTG AR BER L » 2 d fr i VTG
Fov Ak A enlEA) (Ye, etal, 2014) o 2 B 5 enis % &5 02 > B 5 DEHP 4r

VTG ehff hivil - Rendedh o w B AT #F 2R 20 fF3t o
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Bl 4-5 F4 Ak % DEHP 2L = (3575t (Lo p 2 istp b A F1 4 8
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Ehp A e B R £t SEM=3-4)F R - * 272 dley BF LR
(*p <0.05) -
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44 §1RAHEEE
441 @¥ R rpER AR

o AR ARk P A BT > T AE T A4 & B DEHP
21 % {52 f4 i fimsidig *pEAEHL 0 £ § SOD - GR » CAT v GST = i % 3

7 > % % 100 pg/L DEHP wg g B CAT & HAT ¥ (00 g2 i 0 gt #h > 100 pg/L e
200 pg/L DEHP AJ2 cwp 4 GST /2144 BEF Mt gdlie » 2 B9 8 f1 7 4l

e7125% (@] 4-6 B~D)>m SOD 4 GR /& t+_~'L’r7§ BILE LG BEFALE (B 46A-
C)-CAT i & { # fﬁ% & @ GST v 53 mimse st i § %9 F (Regoli
and Giuliani, 2014) » § &% BEEA B IIIr] > TR ERF L R TR E
ROS i % ¢ v 3 o Mf pl2 vk > GST & .- #p e e & g% > GST £ 3l 4r

4

4P TR DEHP 2 R 17 A 4 it 4
Fo G skl MEAGEY 0 %1 GST R IR A s

et £8 k% 20 ug/LDEHP chze g GST /=M A ¥ + = > & k& 100 pg/L
v 200 pg/L @ B GST & 4r kg F it 4 e (B 4-6 D) o fodg g cnig & 4pvt
fi o ¥ IR B 20 pg/L DEHP &| & T - GST F ﬁ*‘i" B et 2 ) 0 e R RR
B JLT GST 9 g > o ¥ 13a Bl &k & Mk R DEHP pF > g € s g 1
A% S FR T chf a8 ¥ DEHP JE A % * 100 pg/L pE o 4?1 GST
SN B 0 R 2 GST Bl F Movipdlle « MER E B MR F
PAar FERA TR CRAOCFEREEFE PEFEER S ET LIRS
PR BH By ¢ 4 R (Regoli, et al., 2011, Regoli and Giuliani, 2014,
Viarengo, et al., 2007) -

¥4 2975 4% (Aerobic) 2 - dg s cnE R 5 F > Ra o 3F §ATHUR B
Fleand + Biisad > FREHBRS L ERY €T T7HFLE A2 EHIFHA

(Reactive oxygen species, ROS) - ROS ¢ ¥ it fm¥s p ch3-v F ~ DNA frif Ffg > #
IRwme b 2 e feig B F L oom 25 T KIEE VT 0 R -
FHERG 0 A A CME AEHP BT F Iy s - Rehpf 1
PE 2 HEMAROS & B - edng it a2 % (Martinez- -A lvarez, et al., 2005) -
FWREEBTAS AV ERRETIRRY AR FLS L R R
A (Avci, etal., 2005) - =» A #7 7 ¢ ® 4L (European eel, Anguilla anguilla) % #
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’\]Ji‘,-rn Rz ok ts o FIE CAT ~ GPx 2 GST %413 % &M b fe A+
BT Y B ¥ R0 (Santos, et al., 2004) - ¥ - 4 * B @ (Catfish, Channa
punctatus Bloch) % # i& A g 3cin -k a7 7 > B 37580 CAT ~ GPX {v GST /& 14434
W ot Al AeTRY g PP E e pldr 4] (Ahmad, et al., 2000) o d
Vv i PERAFELERRR S LS SE LR T A R ERY VG D
fe ek & e

PoidRid DEHP St g s A 2 § 1“4 ch prfiu > AR § w2 b 5 o
o] BB 4 B et i 7 DEHP{e MEHP (DEHP 1 & S #A +) % B i % 47 4p>
A4 2 ROS 7 %k % # £ H 4 chd8 % > ¥ GST fr GPx & 1'% 8 F it dr
(Erkekoglu, etal., 2010) e — K 453448 % = " Fifqsp 2 4nf P EE R L B P g o
$+#7%. (Carassius auratus) & 77yt stk B 17 /67 b i ¥ = 7 phfiasg - % >
BES PR Ff CpER SR H Y k& DEHP ehit % BT 0 CAT eis A ¥
Mt > 2 SOD v GPx R 7 % i (Zheng, etal., 2013) » & A7 7 % % i

-k
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R o*Eh T aydles BFALE (*p<0.05)-
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442 *ERY ff CEERPMATIARE

R AR R R fRA 0T 0 P00 Ry IR R T
ek S BRI TR R R DL AT Y R LR A M
A F iR o & & 100 ug/L 4r 200 ug/L DEHP chwg 4 9757 - cat ik %14 A %
B 5 dleas B gpx shA FI A RPIE F Mot dle s 8 # 7 ipdlea
10% (B 4-7B~C)-CAT o GPx trim® ¢ % f # 5 t 4 B R A k> L5 8 &

3t GPx % & B R L $7%4 *% (Glutathione, GSH) e & & Jis > Tt 7 4 plEg 4.
PERY paEF Fa A2 > 2 A &Rd CAT | it A #Rcat AmEFRS -

g ind fok st a3 ok & 100 pug/L - 200 pg/L DEHP s b 3759 >
sod fr gpx 1k F1 & MALE F 4] (B 4-TA~C) - SOD tim®e ¥ f i iided &
Bl iR o R HHE A EF L E o i 4+ R ROS2 - v Ui CAT &
GPx & % #iBF  EBR > i @LT BRI PES o AL HR DEHP R
¢ "% Mok g FEE sod frgpx A FIA R T cat ehA FIA RS FEFRBAER S
g (F 4-7 B) > A 7247 i &2 T PR ROS WRTHE IR 4 TS

i 4 2P T o

PR E g ST B4 TR » T OF IR gpX F F ARIrH ARG % (B
4-7TC)ogpx £ FlFrfld 7 iv R p e ¥ GSH edt 5 d 4§ L3 2 By &
P EE . F R AAEERREE AR TESPEE s T H A
GSH fr GSSG (F it a4k 4 #5) dut ] » 112 B f]* GSH i i i 715 2 fix %
SE T 0 g BN I T Rl fR o

<

PR RAPE G ERie e DEHP R 18 > Bajpie 4 £ L By > ®
SOD p% % i# i qfrsod £ & ¥ & F MOl 2 (Wang, etal., 2012) - ie& 3t = ¢
3% DEHP #ipdif i AT Rav7 4] #AFRELAFF G
i & 4 & Antioxidant response element (ARE) » ® ROS ¥ it % iE{c ARE #12 3 (¥

)
c%‘
Sy b

* kBT A T4 R (Knock and Ward, 2011) - 2 b FLEE Y L IR
Nuclear factor kB (NF-xB) v Activator protein 1 (AP-1) iz g4t i %1+ € %
2§ * &4 F & (Scandalios, 2005) - t£ 5%“; ¥ jtdp 1 > SOD ~ CAT {r GPx ¥ 42§

i f% % A Flergcd+ (Promoter) %32 285 1138 ARE ~ NF-«kB {r AP-1 s4p & B 7|
(Banning, et al., 2005, Scandalios, 2005) o F ABIE v 3 A7 I DEHP ¢ %%
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ERK/MAPK 2 p38/MAPK 3t & @£k iz » k& it NF-£B & AP-1 % 43343 7)
F oA E VR4 ER 3 T e = (Apoptosis) (Ghosh, et al., 2010) ¢ & &
F i3t > 48] DEHP 7 i JEd fo ARE ~ NF- B fr AP-1 62 3 1E % K godid
PR ATSEAR LR CEFARTINE foF RS ek B0 G

AEOLEE RN AP PR A EL SELHR R -
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2011) > ¢ i k¥ R > DEHP § ftmie p 44 ROS > ROS i & 2 w4 § &
A= %3 T A DEHP @ = 4 A3 Bang iz — o

83



25 -
ove
(A) sod 020 pug/L
@100 pg/L
L2 * w200 pg/L
]
<
o
=]
S 15 A
(= =
(5]
=
s
n T
0.5 -
0 T
Female Male
47 ove
(C) gpx 220 pg/L
B100 pg/L
> 3 - H200 pg/L
(@]
[y
3+
<
o
=
L 9
(5]
=
=
g
4
1 A * *
o=
0 T
Female Male

Relative fold change

Relative fold change

15 ~

0.5 A

=
ol
1

[y
1

o
ol
1

ave
(B) cat 020 pg/L
@100 ug/L
=200 pg/L
—E
*
*
*
Female
ave
(D) gSt 020 pg/L
100 pug/L
200 pg/L
—
Female Male

Bl 4-8 FHd & % DEHP2L < 22307 g oz pM A P4 R E
(A) sod (B) cat (C) gpx (D) gste #icp " Ap 30 fpdl e en e it + SE(n=3-4)F m -

“hoAspdlet WELE (p<0.05)-

84



45 mRpEPL

AT %ﬁd Er_% e H&E % ¢ aﬁ}& B d Mgﬁ E'_%‘«f'/, 5 ’%@f”‘ﬁﬁiﬁ"i
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(Perinucleolar oocyte, PO) ~ % k& % ;¢ ## (Cortical-alveolar oocyte, CO) ~ F 2 =
¥y (Early vitellogenic oocyte, EV) ~ “r§ 24 = {¢ #) (Late vitellogenic oocyte, LV) v
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B 49 Ppi k% DEHP21 % 5 9P £ ¢ H&E % ¢ 2 %) i
(A) ~ (B) £41% 5 (C) 100 pg/L I % ; (D) 200 pg/L AJT e
PO, Perinucleolar oocyte (it i#+% i=#p); CO, Cortical-alveolar oocyte (# & % ;¢ #p);

EV, Early vitellogenic oocyte (7% # = = #§); LV, Late vitellogenic oocyte (% # =

t% ¥7):; MO, Mature oocyte (= § %7 3)
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