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O
Faber (2006) 25 100 501ppm(
112% ) 70 (
) SD Fo
25ppm 501ppm

( ) 21
Fo 100ppm
S01ppm

Fo 501ppm ( )

R Fi 25 101 500ppm(
1n2% ) 2 (

( 21 )



F1

F1

and Methods)

(
Chan (1998)

(

Andersson (1981)
)

() (
Faber (2007)

70
SD

@1 72

21 61 )

( ) 21
500ppm

500ppm

(Results)

)
75 250 750ppm(

) F344
750ppm

2,000ppm(
SD

)
25 100 500ppm(

(
F2

) ( )

(22 45 60 ) (22 45 60

(20 60

(Materials

3
16 18

25ppm

(13 17



(

(26 62

)

Saillenfait (2007) 25415 992+29ppm(
15 ( ) SD
254ppm 992ppm
)
Saillenfait  (2003) 99+2 500413 1,001+28 1,998+45ppm(
) 15 ( ) SD
1,001ppm
( ) 1,998ppm
)
O
Reutman (2002) ( JP-8
) (63 31.1+56 )
(31

73.5+86.2ppb 3.06.9pph)

(32 3.8+3.8ppb 1.040.5ppb)
-3-
(Results) (Materials
and Methods)
-3
)



(Results)

(Materials and

2)

Methods) 3)
1)

Faber (20006) S oP
(1)

Chan (1998)

Andersson

(1981)

Faber (2007)
2
2 Saillenfait

(2007)

Salllenfait

(2003)
(3) Reutman o

(2002)
1l)o > —
2)o (P N
3)o >
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3,4-

3,4-

( )

18
()
O
Andersen  (2001) 3,4 ( ) 24
( ) (Acartia tonsa)
ECso  540pg/LL

(Results) (Materials
and Methods)
O
Schafers Nagel (1991) 3,4 1.9+0.6 20.4+3.2 185+44pg/l

) Fo ) (Poecilia reticulata)
= 1.9ug/L 5
20.4ng/L 5 185ng/L
F 19 185pg/L
42 R 185ug/L
F1 185ng/L 42

(Results) (Materials

and Methods)
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Rose (2002) 3,4 2.5 10 15pg/IL ) 24

37 (Ceribdaphniacf. dubia) (
) 10pg/L
34- 25 10 15pg/I( ) 24 37
(Ceriodaphnia cf. dubia) ( )
10pg/L
(Results) (Materials
and Methods)
Rose (2001) 3,4 2.5 10 15ug/IL ) 24
34 (Ceriodaphniact. dubia) (
) 10pg/L
15ug/LL
34- 25 10 15pg/1L ) 24 34
(Ceriodaphnia cf. dubid) (
) 10pg/L
(Results) (Materials
and Methods)
O
Oda (2007) 3,4 103+0.63 18.2+1.0 35.9+2.1 75.3+3.0pg/L(
) 24 21 (Daphnia magna AstraZeneca
UK Limited) ECso  59pg/L
3,4 103+0.48 18.0+0.81 36.7+14 76.2+2.3pg/L( ) 24

13



21 (Daphnia magna Technical University of

Denmark) ECso 1lpg/L
34- 907+0.92 169+1.3 33.6+2.4 71.0+4.1pg/L( ) 24
21 (Daphnia magna UK Environmental Agency)
ECx 19pg/L
3,4 105+0.46 18.4+0.80 37.0+13 74.4+2.7ug/L( ) 24
21 (Daphnia magna Bayer CropScience AG)
ECx 23pg/L
3,4- 9.66+0.74 16.8+1.2 36.3+2.8pg/I( ) 24 21
(Daphnia magna US EPA)
ECso  28pg/L
3,4- 10.0+0.78 17.6+1.2 36.2+1.6pg/1y( ) 24 21
(Daphnia magna )
ECso  32pg/L
3,4 105+0.48 18.3+0.89 36.8+15 74.6+2.6ng/1y( ) 24
21 (Daphnia magna Finnish Environment
Institute) ECx  38ug/L
(Results) (Materials
and Methods)
( )
Guilhermino  (1999) 3,4- 2.5 10 20 40pg/L( ) 24
21 (Daphnia magna)
ECso 15.6x0.5ng/LL
34- 25 10 20 40pg/IL ) 24 10
(Daphnia magna) ECs

14.4+2.3pg/L

Scheil  (2009) 3,4 50 100 150 200 250pg/If )
168 (Danio rerio)

14



250ng/L

Hsp70

3,4 10 100 500 1,000ug/IL )
(Danio rerio) 500pg/L
34- 10 100 250 500 1,000pg/I( 11
(Danio reri)
500ng/L 3,4
500 700 1,000 1,500 2,000ug/L( )
(Danio rerio) 1,000pg/L
()
3,4-
(Results)
(Materials
and Methods) 3)
1)
Schafers  Nagel
(1991)
Oda (2007) o =<
1 Rose (2002)
(1) Rose (2001) —
Guilhermino
(1999)
Scheil (2009)
Andersen oP o
(2001)
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(Results)
2
(Materials
and Methods) 3)
1)
1o > —
2)o (P N )
> J—
3)o ><
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(@}

14

Johnson  (2005)

2,4-

15 25mgkg/day 60

(Colinus virginianus)

mg/kg/day 15mg/kg/day
25mg/kg/day
(Resul ts) (Materials
and Methods)
)
(@)
Bloch  (1988) 2,4 1,000 2,000ppm( )
SD 1,000ppm
2,000ppm
(Results) (Materials
and Methods)
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()
O
Hamill (1982) 2,4 Olin Corporation 1981
1981
( 119 )
( B ) (
46 ) (
)
(Resul ts) (Materials
and Methods) 2,4-
()
2,4-
(Results)
2)
(Materials and
Methods) 3)
1)
) Johnson  (2005) S —
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(Results)
2)
(Materials and
Methods) 3)

1)
2) Bloch (1988) S SP
(3) Hamill  (1982) < —
1)o > —
2)o P N
3)o ><
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(4),265-274.

Bloch E, Gondos B, Gatz M, Varma SK and Thysen B (1988) Reproductive toxicity of
2,4-dinitrotoluene in the rat. Toxicology and Applied Pharmacology, 94 (3), 466-472.

Hamill PVV, Steinberger E, Levine RJ, Rodriguez-Rigan LJ, Lemeshow S and Avrunin JS (1982)
The epidemiologic assessment of male reproductive hazard from occupational exposure to TDAand

DNT. Journal of Occupational Medicine, 24 (12), 985-993.
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(@}

15

\eldhoen (2006)
) Gosner stage 33

BMRNA

0.116+0.016 0.89740.128 11.243+2.181pg/L(

18

1x101'molfg

Gosner Stage

amRNA
MRNA

8 mMRNA

and Methods)

Gosner Stage

18

)

0.116+0.016 0.897+0.128 11.243+2.181pg/L(

18

amRNA
Gosner Stage

18

amRNA

11

(Rana catesbeiana) (
0.116pg/L
18 MRNA
B mMRNA 11
11
MRNA

) Gosner stage 33

(Rana catesbeiana) (
) 0.116pg/L
0.116pg/L 18
0.897pg/LL
8 mMRNA il
amRNA 11
1 MRNA
(Results) (Materials
a MRNA
a MRNA

21



Ishibashi  (2004) 12.8 60.8 136.9ug/1( ) 21

(Oryzias latipes) 12.8 60.8pg/L
12.8 136.9pg/LL
12.8pg/L F 60.8pg/L
136.9ng/L
(Results) (Materials
and Methods)
Raut (2010) 29.0 57.9 101.3pg/I( ) 3b
(Gambusia affinis) 101.3pg/L
MRNA
(Results) (Materials
and Methods)
MRNA
O
Orvos (2002) 10 40 200 1,000pg/L( ) 24
21 (Daphnia magna)
200pg/L
(Resul ts) (Materials

and Methods)

22



Fort (2011 0.3t0.08 1.3t022 5.9t0.95 29.6+3.93ug/L( )

Nieuwkoop & Faber Stage 47 ( ) 32
(Xenopus laevis) 0.3 5.9 29.6pg/L
03 1.3pg/L
1.3pg/L 1.3 5.9ug/L

(Snout-vent length)
Nieuwkoop & Faber Stage

B mRNA
11 mMRNA 11 MRNA
( ) ( )
(Results) (Materials
and Methods)
(Snout-vent kength)
Fort (2010) 0.640.49 15+0.58 7.2+1.96 32.3+9.43ng/L( )
Nieuwkoop & Faber Stage 51 ( 14 17 ) 21
(Xenopus laevis) 15 7.2ug/L
BMRNA 1.5pg/L
(Snout-vent length)
Nieuwkoop & Faber Stage
(Results) (Materials
and Methods)
BMRNA
(Snout-vent kength)
( )
Schultz  (2012) 0.17£0.04 0.45+0.09ug/1( ) 21

(Pimephales promelas)

23



0.17+0.04 0.45+0.09pg/1( ) 24 12
(Pimephales promelas)

Matsumura (2012) 20 100 200pg/L( ) 14
(Xenopus laevis)

40 400mgkg (Xenopus
laevis) ( )
()
O
Rodriguez  Sanchez(2010) 10 50mg/kg/day
21 Wistar mg/kg/day
15 10 (
) 20
10mg/kg/day 5 20
( ) 50mgkg/day
(Results) (Materials
and Methods)
Jung (2012 7.5 37.5 187.5mgkg/day 19
SD 7.5mgkg/ day
37.5mg/kg/day C3mRNA
CaBP-D9k mRNA
37.5mg/kg/day ICI 182,780
10mg/kg/day
37.5mg/kg/day RU

24



10mg/kg/day

and Methods)

(Results) (Materials

ICI1 182,780 10mg/kg/day

RU 10mg/kg/day
Stoker (2009) 9.375 375 75 150mgkg/day 22 42
Wistar
37.5mg/kg/day 176-
75mg/kg/mg/kg/day 150mg/kg/day
(Results) (Materials
and Methods)
176-
O
Zorrilla  (2009) 30 100 200 300mgkg/day 23 31
Wistar mg/kg/day
(200mg/kg/day
) 30mgkg/day 100mg/kg/day
200mg/kg/day
(LABC)

25



(Results) (Materials

and Methods)
(200mg/kg/day )
Stoker  (2009) 118 235 4.69 9.375 1875 37.5 75mg/kg/day
19 21 Wistar
18.75mg/kg/day
(Results) (Materials
and Methods)
Paul (2010a) 10 30 100 300 1,000mgkg/day 27 29
LE 30mg/kg/day
EROD 100mg/kg/day
300mg/kg/day
PROD 1,000mg/kg/day
UGT
(Results) (Materials
and Methods)
Paul (2012) 10 30 100 300mg/kg/day 21
( 21 ) LE

26



30mg/kg/day EROD

100mg/kg/day 300mg/kg/day
PROD UGT Cyp2b2 mRNA
Cyp3al/23 mRNA 300mg/kg/day
Sultlc3 mRNA
EROD PROD Cyplal mRNA
Cyp2b2 mRNA Cyp3al/23 mRNA Cyp3a9 mRNA
Cyp4a2 mRNA Ugtlal mRNA Ugtla6
MRNA Sultlbl mRNA Mel mRNA
ThrspmRNA
10 30 100 300mgkg/day 20 15
LE ( 2 )
100mg/kg/day EROD 300mg/kg/day
Cyp2b2 mRNA Cyp3a9
mMRNA 300mg/kg/day
Cypd4a2mRNA
(Results) (Materials
and Methods)
Crofton (2007) 10 30 100 300 1,000mgkgday 27
LE 100mg/kg/day
1,000mg/kg/day
(Results) (Materials
and Methods)
Paul (2010b) 30 100 300mg/kg/day 21
36 ( 21 ) LE
300mg/kg/day

27



(Results) (Materials
and Methods)
()
O
Jung (2012) 0001 0.1 10pM(=0.29 29 2900pg/L) 24
GH3( )
( )
0.001uM(=0.29ug/L)
10pM(=2,900pg/L) 24
GH3( )
CaBP-D9% MRNA
IC1182,7800.1uM
(Results) (Materials
and Methods)
O
Ahn (2008) 0.01 100uM(=29 290 29,000pg/L) 24
BG1Luc4E2( )
( )
(Results) (Materials
and Methods)

28



(

Gee (2008)

0.001 0.01 01 10 100pM(=0.29 2.9 29 290

2,900 29,000pg/L) 24 MCF7( )
)
0.001 001 01 10 100uM(=0.29 2.9 29 290 2,900
29,000pg/L) MCF7( )
(Results) (Materials
and Methods)
Ishibashi  (2004) 500 900 180 360 720 14,500 29,000ng/L
4 a ) (
B )
B
(Resul ts) (Materials
and Methods)
)
(@)
Gee (2008) 0.001 0.01 01 10 100uM(=0.29 2.9 29 290
2,900 29,000pg/L) 24 MCF7( )
)
10puM(=2,900png/L) 176- 0.1nM
( )
0.001 0.01 0.1 10 100uM(=0.29 29 29 290 2,900 29,000ng/L)
MCF7( )
10pM(=2,900pg/L) 178- 0.1nM

29



ICss

80uM(=11,600ug/L) 176- 0.8nM
B ICs
80uM(=11,600ug/L) 176- 0.8nM
MCF7 (
ICgs 400nM(=116,000ng/L) 176-
0.4nM
(Results) (Materials
and Methods)
176-
O
Ahn (2008) 0.01 100uM(=29 290 29,000ug/L) 24
BG1Luc4E2(
( )
PM(=290pg/L) 176- nM
(Resul ts) (Materials
and Methods)
176-
O
Stoker (2009) 118 235 4.69 9.375 1875 375mg/kg/day 19
21 Wistar 17
ng/kg/day 4.69mg/kg/day
18.75mg/kg/day
37.5mg/kg/ day
(Results) (Materials
and Methods)
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(@}

Gee (2008) 0.001 0.01 01 10 100uM(=0.29 2.9 29 290
2,900 29,000pg/L) 24 S115 A(
) (

0.001 0.01 0.1 10 100pM(=0.29 29 29 290 2,900 29,000png/L)

24 TA7D( )
(

)

(Results) (Materials
and Methods)
Chen (2007) 0.0001 0.001 0.01 0.1 10uM(=0.029 0.29 2.9
29 290 2,90ug/L) 24 HEK?293(

) (
)

(Results) (Materials
and Methods)
Ahn (2008) 10uM(=290 2,900ug/L) 24

BG1Luc4E2( ) (

31



(Resul ts) (Materials
and Methods)

()
O
Gee (2008) 0.001 0.01 01 10 100uM(=0.29 2.9 29 290
2,900 29,000ug/L) 24 S115 A(
) (
)
0.1pM(=29ng/L) 176- 10nM
0.001 0.01 0.1 10 100uM(=0.29 29 29 290 2,900 29,000ng/L)
24 T47D( )
(
) UM(=290ng/L)
176- 10nM
ICso  0.9pM(=262png/L) 1764 nM
(Results) (Materials
and Methods)
176-
176-
Chen (2007) 0.0001 0.001 0.01 0.1 10uM(=0.029 0.29 2.9
29 290 2,90pg/L) 24 HEK 293(
) (
) pM(=290pg/L) 176-
0.125nM

32



(Results) (Materials

and Methods)
1786-
Ahn (2008) 10uM(=290 2,900pg/L) 24
BG1lLudAE2( ) (
)
10pM(=2,900ng/L) 17B- 10nM
(Resul ts) (Materials
and Methods)
176-
()
O
Jung (2012) 0001 01 10puM(=0.29 29 2,900ug/L) 24
GH3( )
( )
(Results) (Materials
and Methods)
()
O
Ahn (2008) 10uM(=290 2,900pg/L)
HAL1.1c4( ) (

33



10pM(=2,900ug/L)
10uM(=290 2,900pg/L)

H4L1.1c4( )
10pM(=2,900pg/L) 2,37,8-
(Resul ts)

and Methods)

(10)
O
James (2010)
nM )
0.0006puM(=0.17pg/L)
(Results)

and Methods)

(11)
O
\eldhoen (2006) 0.03 03 30pg/L
(Xenopus laevis) XTC-C (
0.03pg/L
0.03 0.3 ng/L amRNA
Basic Transcription Element-binding Protein(BTEB)mMRNA
MRNA
0.03 03 0pg/L. 24
laevis) XTC-C ( )

34

1InM

(Materials

213’7187_

1Cs0

(Materials

24
10nM )
B mMRNA
0.3pg/L

(Xenopus

a



MRNA £ mMRNA Basic Transcription Element-binding

Protein(BTEB)mRNA MRNA
(Results) (Materials
and Methods)
B mMRNA
a mMRNA Basic Transcription Element-binding Protein(BTEB)MRNA
( )
Hinther (2006) 0.001 0.01 0.1pM(=0.29 2.9 29ug/l) 48
(Rana catesbeiana) (
) 0001 0.01uM(=029 2.9ug/L)
30 mRNA 0.01uM(2.9ng/L) MRNA
B mRNA I MRNA
0001 0.01 0.1uM(=0.29 2.9 29ug/L) 48
(Rana catesbeiana) ( 10nM )
B mRNA I(RLKI)mMRNA
30 mMRNA MRNA
(12)
O
Kumar (2008) 0.001 0.01 0.1 10uM(=0.29 2.9 29 290 2,900pg/L)
Wistar (
100ng/mL ) 0.01pM(=2.9ng/L)
P450scc mRNA 36- MRNA
176- MRNA StAR mRNA
P450scc 36-
176-
CAMP
(Results) (Materials
and Methods)
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PA50scc mRNA

36 MRNA 176-
MRNA StAR mRNA P450scc
36- 176
cCAMP
(13)
O
Honkisz (2012) 0.001 0.01 0.1 10uM(=0.29 2.9 29 290
2,900pg/L) 24 JEG-3
0.001pM(=0.29ng/L) 3
0.01luM(=2.9ng/L) ( 10uM
) 0.1pME29pg/L) nM(E=290pg/L)
176- (8791)( oP 66 67)
(Results) (Materials
and Methods)
( 10pM 176

)
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(Results)
2)
(Materials
and Methods)
3)
1)
Veldhoen ) oP o
(2006)
Fort (2011) o oN >
Fort (2010) o oN =<
(1) Ishibashi [S) oP o
(2004)
Raut (2010) oP o
Orvos (2002) S —
Schultz
(2012)
Matsumura
(2012)
Rodriguez IS oP [S)
Sanchez(2010)
(2)
Jung (2012) oP [S)
Stoker (2009) o oP o
Zorrilla o oP o
(2009)
(3)
Stoker (2009) o oP o
Paul (2010a) o oP o
Paul (2012) S oP [S)
Crofton [S) oP o
(2007)
Paul (2010b) o oP o
(4) Jung (2012) SP S
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(Results)
2)
(Materials
and Methods)
3)
1)
Ann  (200c) o ON 3
Gee (2008) oN <
Ishibashi >< — >
(2004)
(5) Ahn_ (2008) S —
Gee (2008) oP o
Stoker (2009) o oN <
(6) Gee (2008) oN >
Chen (2007) oN <
Ahn  (2008) o oN =<
(7) Gee (2008) oP S
Chen (2007) oP [S)
Ahn  (2008) o —
(8) Jung (2012) oN <
(9) Ahn (2008) o —
(10) James (2010) oP [S)
(11) Veldhoen o oP [S)
(2006)
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(Results)

2)

(Materials
and Methods)
3)
1)
Hinther
(2006)
(12) Kumar (2008) o oP
(13) Honkisz oP
(2012)

39




2)o P N )

Veldhoen N, Skirrow RC, Osachoff H, Wigmore H, Clapson DJ, Gunderson MP, van Aggelen G and
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and Methods)
@DNozaka (2004) 4- ( mixture of isomers CASH )
7.40+0.7 12.8+1.9 22.5+19 56.2+5.7 118+10.8pg/L ( ) 21
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(Oryzias latipes) 22.5png/L

4- ( mixture of isomers CAS# ) 7.40+0.7 12.8+1.9
22.5+1.9 56.2¢5.7 118+10.8ng/L ( ) 21
(O. latipes) 118pg/L
(Results) (Materials
and Methods)
@9Jin  (2010) (Sigma-Aldrich CAS#84852-15-3) 2.5 25ng/L (
) 21 (20 12L-12D) (Danio rerio)
25ng/L MRNA
MRNA amRNA
BmRNA
(Results) (Materials
and Methods)
MRNA
MRNA a MRNA
B mRNA
@Li (2012 4 (Sigma-Aldrich CAS#84852-15-3) 15 50 150
500ng/LL ( ) 15 (Carassius auratus)
50pg/L
(Results) (Materials
and Methods)
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@Jin  (2011) (Sigma-Aldrich CAS#84852-15-3)  50pg/L (

) 1 (20 12L-12D) (Oryzias latipes)
50pg/L mRNA
MRNA amRNA
(Sigma-Aldrich CAS#84852-15-3)  S0pg/L ( ) 4
(20 12L-12D) (O. latipes)
50pg/L mMRNA
MRNA
(Sigma-Aldrich CAS#84852-15-3)  50pg/L ( )
(20 121-12D) (O. latipes)
MRNA MRNA
a mRNA
(Results) (Materials
and Methods)
MRNA
@Jin  (2009) (Sigma-Aldrich CAS#84852-15-3) 10 25 50 100pg/L
( ) 0 (Danio reri)
50pg/L mRNA
MRNA
(Sigma-Aldrich CAS#84852-15-3) 10 25 50 100pg/L (
) 4 (D. rerio)
100pg/L MRNA
amRNA
(Sigma-Aldrich CAS#84852-15-3) 10 25 50 100pg/L (
) (D rerio)
50pg/L mMRNA 100pg/L
MRNA a MRNA
(Sigma-Aldrich CAS#84852-15-3) 10 25 50 100pg/L (
) 17 (D. rerio)
MRNA MRNA
amRNA B mRNA
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(Results) (Materials

and Methods)
MRNA
MRNA
6)Lee (2002 (Aldrich _mixture of ring and chain isomers
CASH# ) 50 100 200 500pg/L ( ) 144
(Oryzias latipes) 50pg/L
L mRNA 100pg/L H mRNA
(Results) (Materials
and Methods)
L mRNA H mRNA
&bvan den Belt  (2003) 4- (Acros mixture of isomers CAS# )
20 100 500pg/L ( ) (Oncorhynchus mykiss)
100pg/L
4 (Acros mixture of isomers CAS# )20 100 500pg/L
( ) (Danio rerio)
500pg/L
(Results) (Materials
and Methods)
65Yamaguchi  (2005) (Aldrich technicalgrade mixture andring and
chain_isomers CAS# ) 50 500pg/L ( )
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(Oryzias latipes) 500pg/L

amRNA IIMRNA
(Results) (Materials
and Methods)
a mRNA
11 mMRNA
(@]
Xu (2013) (Sigma-Aldrich CAS#84852-15-3) 0.1 10 100pg/L
( ) 4 164 (Danio rerio)
( )
0.1pg/L TRAF6 mRNA Nrf2 mRNA IFNy
MRNA IL18 mRNA IL10 mRNA CC-chemokine mRNA
CXCL-clc mRNA MyD88 mRNA SARM mRNA
IRAK4 mRNA 100pg/L Mx mMRNA
10pg/L iNOS mRNA
100pg/L Keapl mRNA TNFa
MRNA TLR3MRNA TRIF MRNA
(Results) (Materials
and Methods)
TRAF6 mRNA Nrf2 mRNA
IFNy mRNA IL18 mRNA IL10 mRNA
CC-chemokine mRNA CXCL-ck mRNA MyD88 mRNA
SARM mRNA IRAK4 mRNA
Miles-Richardson  (1999) 4-tert (Schenectady Intemational CAS#
)0.05 016 0.4 1.6 3.4ng/L ( ) 42 ( 6 7
) (Pimephales promelas)
1.6pg/L
(nuptial tubercle ) (fat pad
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4 tert (Schenectady Intemational CAS# )0.09 0.1 033

0.93 2.4ug/L ( ) 42 ( 9 10 )
(P. promelas)
(nuptial tubercle ) (fat pad )
(Results) (Materials
and Methods) ( )
O
Nimrod Benson(1998) (Schenectady Intemational
CAS#84852-15-3) 0.54+0.19 0.77+0.29 1.93+0.81ng/LL ( ) 5 8 28
(Oryzias latipes) ( 56
83 ) 0.54pg/L
( ) 0.7mg/L ( )
( ) ( )
( ) ( ) ( )
( )
(Results) (Materials
and Methods)
&shioda  Wakabayashi (2000) ( oz o =
CAS# )003 0.1 0.3uM(=66.6 22.0 66.0pg/L) ( )

(Oryzias latipes)

(Results) (Materials
and Methods)
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(X )
Schoenfuss (2008) 4 (Schenectady Intermnational technical grade

CAS# )0.15 0.25 0.63 3.2ug/L ( ) 28

(Pimephales promelas) (
) 0.15pg/L

(0.25ug/L )
4 (Schenectady International technical grade CAS#

) 0.3 11 15pg/L ( ) 28

(P. promelas) (
) 0.3pg/LL (Mpg/L

) 15pg/L ( 1)

(Aldrich _mixture of ring and chain isomers

Kwak (2001)
CASH# )0.2 20pg/L ( ) 23 60
(Xiphophorus helleri)

ng/L
(Aldrich _mixture of ring and chain isomers CAS#

) 2,0 100pg/L ( ) 72

helleri) ng/L
MRNA

( ) 100ng/L (

(X.

)
Harris (2001) 4- (Acros Organics isomeric mixture CAS#

18
0.7pg/L

MRNA 8.3pg/L
mMRNA

) 0.740.4 8.3+0.9 85.6+2.7pg/L ( )
(Oncorhynchus mykiss)

85.6pg/L

1764

Zhang (2008)
CASH# ) 10 50 100 200pg/L ( ) 21

(Gobiocypris rarus)

(Aldrich _mixture of ring and chain isomers

ng/L
10pg/L
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50ug/L SoD

100pg/L
Schwaiger  (2002) (Sigma-Aldrich _mixture of ring and chain
isomers CAS# ) 10pg/L ( ) (

10 10 40 ) (Oncorhynchus
mykiss)F ( ) pg/L
10pg/L

(Sigma-Aldrich _mixture of ring and chain_isomers
CAS# ) 10pg/L ( ) (0. mykiss)F1 ( Fo
)
10pg/L 17B-
Burkhardt-Holm (2000) 4 p (HuUls technical CAS# )
10pg/L ( ) ( 10
10 40 ) (Oncorhynchus mykiss)
ng/L
Ashfield (1998) 4-tert- (Aldrich mixture of ring and chain isomers
CASH# ) 10 50pg/L ( ) 2 XX
(Oncorhynchus mykiss) ( 86 )
50pg/L (108 )

4 tert (Aldrich mixture of ring and chain isomers CASH

) 10 30pg/L ( ) 35 XX (O.
myKIss) ( 431 )

Opg/L (150 ) (150 220 300 466 ) (
10pg/L 466 ) (466 )
Mochida (2004) Jol ( CAS# ) 0.11 0.18 1.29
6.37pg/L ( ) (Acanthogobius flavimanus)
1.29pg/L C
mMRNA 6.37ng/LL (320 -530)
Zhang (2008) 4 (Sigma-Aldrich technicalgrade CAS# )
1.9+0.4 10.8#1.6 51.9+5.7 256.3+25.9 1,130.6+198.9ng/L ( ) 9
21 (Gobiocypris rarus)
1.9pg/LL dmrt (doublesex MAB-3
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YMRNA 10.5pg/L mMRNA
1,130.6pg/L MRNA
Wu (2012 4 (Sigma Aldrich CAS# )0.01 0.1 pM(=2.20
22.0 220pg/l) ( ) 21
(Gobiocypris rarus)( ) 0.01
0.1pM(=220 22.0pg/L) MRNA B 1 mRNA

Zha (2008) 4 (Sigma-Aldrich _technical grade CAS# )
4.52+0.83 9.13+1.03 1853+2.33ug/L ( ) 95 21
(Gobiocypris rarus) 452pg/L
( )
9.13pg/L ( ) 9.13pg/L
18.53pug/LL
Kortner (2009) 4 (Fluka technical mixture CAS#
) 50pg/L ( ) 72 (Salmo salar)
pg/L cypl9a mRNA
178 50pg/L
MRNA
Meucci  Arukwe (2006) 4- (Fluka technical mixture
CAS# ) 15 50pg/L ( )
(Salmo salan pg/L
amMRNA MRNA
MRNA a MRNA
BMRNA P450 B mRNA 15pg/L
15pg/L P450 AmMRNA
Meucci  Arukwe(2006) 4 (Fluka technical mixture
CAS# ) 15 50pg/L ( )
(Salmo salan pg/LL CYP3A
MRNA X MRNA
mRNA ( ) CYPIA1 mRNA
( 50ng/L )
Arukwe (2005) 4 (Fluka technical mixture CAS#
) 15 50pg/L ( ) (Salmo salar)
ng/L CYP3A mRNA
pg/L CYP118 mRNA (15pg/L
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) P450scc mMRNA 15pg/L CYPl1lamRNA
15ng/L StARMRNA
Meucci  Arukwe (2005) (Fluka technical mixture
CAS# ) 15 50pg/L )
(Salmo salan ng/L
15pg/L
Knoebl (2004) p- (Schenectady International CAS# ) 0.64
12 23 43pg/L ( (Cyprinodon
variegatus) pg/L
MRNA MRNA
MRNA MRNA
@) Hemmer  (2001) p- (Schenectady International CASH# )
0.64+0.06 5.38+0.45 11.81+1.09 23.27+3.61 42.67+510pg/L ( ) 42
(Cyprinodon variegatus)
5.38ng/LL
@ Hemmer (2002 p- (Schenectady International CAS# )
5.60+1.14 59.64+13.00pg/L ) 16
(Cyprinodon variegatus) 59.9pg/Lipg/L
MRNA
@ Lerner (2007) 4 (Schenectady International CAS# 84852-15-3)
6.5+1.1ng/lL ( ) 13
(Salmo salan
1 ( ) (
) ) @1
)
@Lerner (2007) 4 (Schenectady International CAS# 84852-15-3)
6.9+0.5 73.9+94pg/LL ( 21 (Salmo salar)
6.9pg/L (
) 73.9pg/LL (
) 24 )
@Yokota  (2001) 4- ( isomeric mixture CAS# )
4.2+1.6 8.243.7 17.7+3.4pg/L ) 24 104

(Oryzias latipes)Fo

4

isomeric mixture CAS#

8.2ug/Li

)4.2¢1.6 8.2+3.7
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17.7+3.4pg/L ( ) 24
(O. latipes)F

( Fo ) 60
17.7pg/L

4- ( isomeric mixture CAS# ) 4.2+1.6 82+3.7
17.7+3.4 51.5+7.1pg/L ( ) 24 60
(O. latipes) 17. mg/L
51.5pg/LL
4- ( isomeric mixture CAS# ) 4.2+1.6 82+3.7
17.7+3.4 51.5+7.1 183pg/L ( ) 24
(O. latipes) 183pg/L swim-up
@Huang (2010 (Sigma-Aldrich technical grade CAS# ) 10
100pg/LL ( ) (Oreochromis niloticus)(
) 10pg/L
amRNA 10ug/L 82 mRNA
@Arukwe  Roe (2008) 4- (Fluka technical mixture CASH
) 10 60pg/L ( ) 10 (Salmo salar)
10pg/L a
mMRNA B mMRNA
mMRNA mRNA 10pg/L
amRNA 60pg/L
MRNA
@zha (2007) 4 (Sigma-Aldrich _technicalgrade CAS# )
10 30pg/L ( ) 28 (Gobiocypris
rarus) 10pg/L
pg/L
@ Ishibashi  (2006) 4- (Aldrich CAS# ) 10 50 100ug/L
( ) 21 (Oryzias latipes)Fo ( F1
90 ) 10 50pg/L
50pg/L 100pg/L
(F) (Fy)
L  Wang (2005) 4- (Fluka CAS# ) 10 60 150pg/L
( ) 21 (Poecilia reticulata)
10pg/L
@DWeber (2003) 4 (Sigma-Aldrich _technicalgrade CASH )
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10 30 100pg/L ( ) 60 (Danio
rerio) 10pg/L
10 30pg/lL
30ng/L (
) 100pg/L Stage
Stage
©3Shelley (2012) (Sigma-Aldrich _mixture of ring andchain isomers
CAS# ) 2.8 18ug/L ( )
(Oncorhynchus mykiss) 18pg/L
4- (Sigma-Aldrich mixture of ring and chain isomers CASH
) 18ng/L ( ) (0. mykiss)
(Sigma-Aldrich mixture of ring and chain isomers CASH

) 18pg/L ( ) 14

(O.mykiss)

Listonella anguillarum

@ Foran (2000) Jod (Schenectady International technical grade CAS#
) 20pg/L ( ) (Oryzias latipes)
( )
G9Ruggeri  (2008) 4 (Fluka CAS# ) 0.1nM(=22.0pg/L)
( ) (Danio rerio)
@OWilley  Krone (2001) (Chem Service technical grade CAS#
) 0.1uM(=22.0pg/L) ( ) 2 25 (64 256 ) 10
(Danio rerio)
GKang (2003 4 ( isomeric mixture CASH )
24.8+1.6 50.9+2.2 101+4.1 184+30.0pg/L ( ) 21
(Oryzias latipes) 24.8pg/L
50.9ug/L 101pg/L
184ng/L
@cCionna  (2006) (Fluka mixture of isomers with differently
branched nonyl side chains CAS# )25 100 1,000pg/L ( ) 48
(Liza auratd) 25ng/L
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CYP1A1I mRNA EROD

@larsen (2006) 4 (Fluka technical mixture CASH
) 29+3pg/L ( ) (Gadusmorhua)
( )
( )
4- (Fluka technical mixture CAS# ) 29+3pg/L
( ) (Scophthalmusmaximus) ( )
@Hill  Janz(2003) 4 (Aldrich _technical grade CAS# ) 10
30 100pg/L ( ) 60 (Danio rerio)
30ug/L 100pg/L
60
4 (Aldrich _technical grade CAS# )10 30 100pg/L
( ) 60 (D. rerio) (
60 120 160 )
100pg/L
@Bhattacharya (2008) 4- (Sigma-Aldrich CAS# )0.17 0.34
0.68pM(=37 75 150ug/L) ( ) 14
(Puntius conchonius) 0.1mME37ng/L)

017 0.34pM(=37 75pg/D)

(0.68uM ) 0.17uM(=37pg/L)
(0.68pM ) 0.17uM(=37pg/L)
(0.34 0.68uM )
0.34pM(=75pg/L)
(0.68pM ) 0.68uM(E=150pg/L)
@El-Sayed (2014) 4- (Sigma-Aldrich CAS# 84852-15-3) 40 60
100pg/LL ( ) (Oreochromis niloticus)
40 60pg/L 178
60pg/L
100pg/L 11-
@sSayed (2012 (Sigma-Aldrich CAS# ) 50 80 100pg/L
( ) 15 (Clarias gariepinus)
50pg/L
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176-

80pg/L
100pg/L
@vYang (2006) (Aldrich technical grade CAS# ) 0.1
10 50 100 500pg/L ( ) (Danio rerio)
50pg/L 500pg/L
(Aldrich technical grade CAS# ) 0.1 10 50 100
500ng/LL ( ) (D. rerio)
100pg/L
SlGray Metcalfe (1997) 4- (Aldrich _technical grade CAS#
_) 10 50 100pg/L ( ) (Oryzias
latipes) 50pg/L
100pg/L
&ZKinnberg  (2000) 4- (Fluka technical mixture CAS# ) 80
640 960 1,280pg/L ( ) 28
(Xiphophorusmaculatus) 80ug/L
&3Chen (2008) (Sigma-Aldrich CAS# ) 10 100 200pg/L
( ) (Oryzias melastigma)
100ug/L H mRNA
L mRNA H mRNA
LmRNA
ACardinali  (2004) (Fluka technical mixture CAS#
) 100pg/L ( ) 0 (Poecilia
reticulata)
MRNA
SS\Weber (2002 4 (Sigma-Aldrich reagent grade CASH# )
100pg/LL ( ) (Oryzias latipes)
SLiMH  (2008) 4 (Riedel-de Haén = Sigma-Aldrich CAS# )
150 300ug/L ( ) (Poecilia reticulata)
150pg/L
&8Tanaka Grizzle (2002) Jod (Schenectady International CAS#
) 150 300pg/L ( ) 60
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(Kryptolebias marmoratus) (
150pg/L

&9Palermo  (2012) 4
220pg/L) ( )
soled

60Chandrasekar  (2010) 4-
( ) 48

2a mMRNA

4 (Sigma CAS#
(D. rerio)
1 mRNA
2b mRNA
6lSoverchia  (2005) 4
2,200pg/L) ( )
nME=220pg/1)
5a- 11-
176-
H1mRNA
62van den Belt (2004) 4-
2.27uM(=31 126 249 500pg/L) (
rerio)
2.27aM(=500pg/L)

20 )
300pg/L
(Fluka CAS# ) 0.01  pM(=0.220
(Soka
nME=220pg/L)
BmRNA
(Sigma CAS# ) 1pM(=220pg/L)
(Danio rerio)
1 mRNA
2amRNA
) 1pM(E=220pg/1) ( ) 48
2a mMRNA
(Fluka CASH# ) 10pM(=220
(Carassius auratus)
(
56- )
(Acros CASH ) 0.14 057 1.13

) (Danio
1.13uM(=249pg/L)

63Senthil Kumaran (2011) (Sigma Aldrich CAS#84852-15-3) 250
500 750 1,000pg/L ( )
(Clarias gariepinus) 250pg/L

e4Kirby (2007) 4- (Fluka CAS# )33 100 330pg/L (

) 10 (Platichthys flesus)
330pg/L
6SRaldua  Babin (2009) 4 (Riedel-de Haén = Sigma Aldrich CAS#
) 2.3uM(=506pg/1) ( )

(Danio rerio)
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(

&Duffy (2014) 4 (Sigma Aldrich CAS# ) 8814 8814

88,140pg/L ( ) 96 (Salmo salan
881.4 83,140pg/L
8,814ng/L mMRNA
4- (Sigma Aldrich CAS# ) 8814 8,814 88,140ug/L (
) 10 %
(S. salar) 8,814pg/L
MRNA ( ) 88,140pg/L
( )
68Hallgren  Olsen(2010) 4 (Sigma Aldrich CAS# ) 0.7ng/LL
( ) 12 14 (Poecilia reticulata)
4- (Sigma Aldrich CAS# ) 50pg/L ( ) 12 14
(P, reticulatad)
69Kobayashi  (2005) oz ( =SigmaAldrich CAS# )
500pg/LL ( ) 12 (Oryzias latipes)
&Villeneuve (2002) 4 (Schenectady Intermational CAS# )
<0.05 0.58+0.07 1.51+0.17 5.36+0.57ng/L ( ) 2 3 28 31
(Cyprinus carpio) 176
) ( )
(@]
Fort Stover (1997) (Fluka technical mixture CASH
)10 25 50 75 100pg/L ( ) Nieuwkoop-Faber Stage 60 66
14 (Xenopus laevis)
50pg/L Stage 63 66
(Results) (Materials
and Methods)
Stage 63 66
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(@}

Park (2010) (Aldrich mixture of ring and chain isomers
CASH )0.1  uM(E22.0 220pg/L) ( ) 2 24
(Bombina orientalis)
0.1uM(=22.0pg/L) (216 )
nM(=220ng/L) ( )
(Aldrich _mixture of ring and chain isomers CAS#
)01  pM(=22.0 220pg/L) ( ) 25 (Nieuwkoop-Faber Stage 53
) (B. orientalis)
nM(=220pg/L)
(Aldrich _mixture of ring and chain isomers CAS#
)01  pM(=22.0 220pg/L) ( ) 25 (Nieuwkoop-Faber Stage 53
) (B. orientalis) (
50nM ) pM(=220pg/L)
(Resul ts) (Materials
and Methods)
Kloas (1999) (Sigma Aldrich CASH ) 001 0.1pM(=2.20
22.0pg/L) ( ) Nieuwkoop-Faberstage38/40 12
(Xenopus laevis) 0.1nM(=22.0pg/L)

and Methods)

)

(Resul ts) (Materials

(
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(

Yang (2005)
20 200pg/L
nigromaculata)

Selcer \erbanic (2014)

(

Matsumura

()

)

(2005)
)10 50 100pg/L

(

Ghekiere (2006

(

(Neomysis integer)

)

Marcial (2003)

10pg/L

(Tigriopus japonicus)~

( )
Jjaponicus)F1

Michalkc (

(

Cailleaud

(

2013)

(2011)

)
4- (Sigma-Aldrich _technical grade CAS# )

( ) 5 60 (Rana
pneg/L
( )
(Chem Service CAS# ) 1,000pg/L
(Rana pipiens)

(Sigma-Aldrich technicalgrade CAS#

( ) 14 (Xenopus laevis)
) )
(Acros Organics CAS# )0.01 0.1 pg/LL
Stage | 96
0.01pg/L
4- ( CASH )0.01 0.1
24 21
ng/L
10pg/L
( CAS# )0.01 0.1 10pg/L
Fo ) 21 (T.
0.1pg/L
pg/L
4- (WWR France CAS#68152-92-1
tall oil ) 2pg/L ( ) 30

(Eurytemora affinis)

)

4 (WWR France CAS#68152-92-1
tall oil ) 2pg/L ( ) 40
(Eurytemora affinis) ( )
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Forget-Leray (2005) 4- (Sigma CAS# ) Tug/L (

) 24 21 (Eurytemora affinis)
Isidori  (2006) 4- (Sigma CAS# ) ( 2 7
) 24 (Ceriodaphnia dubia)
ECso 8ug/L
Zhang (2003) 4 (Fluka technical mixture CASH
) 125 25 50upg/L ( ) 24 35
(Daphnia magna) 12.5ng/L
25ng/L
Sun  Gu(2005) ( CAS# )13 25 50 100 200pg/L
( ) 24 21 (Daphnia magna)
25pg/L 50ng/L
Baldwin (1997) 4 (Fluka CAS#104-40-5) 25 100pg/L (
) 10 48 16 ( 16 )
(Daphnia magna) 25pg/L
25ng/L
100pg/L
4- (Fluka CAS#104-40-5) 25 100pg/L ( ) 24
21 16 ( 16 ) (D.
magna) 100pg/L
4- (Fluka CAS#104-40-5)6.2 12 25 50 100pg/L ( )
24 21 (D. magna)
100pg/L
Comber (1993 (IC1 surfactants mixture of ring isomers and
homologues CAS# ) 18 32 56 100 180 320ug/L ( ) 24
21 (Daphnia magna)
56pg/L 100pg/L
180pg/L
Gibble  Baer (2003) 4- (Fluka technical mixture CASH
) 100pg/L ( ) 24 14
(Daphnia magna)
LeBlanc (2000) 4 (Fluka technical mixture CAS# ) 0.46
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0.91uM(=101 202pg/L) 24

(Daphnia magna)

(

21
0.46pM(=101pg/L)
0.91pM(=202pg/L)

Brennan  (2006) 4- (Lancaster CAS# ) 200 400 600
800pg/LL ( ) 24 21 (Daphnia
magna)Fo 200pg/L
800ng/L
4- (Lancaster CAS# ) 200 400 600pg/L (
) ( (= ) 21 (Daphnia magnaF.
400pg/L
() ( )( )
Nice (2005) (Sigma-Aldrich CAS# 84852-15-3)  100pg/L (
) 72 ( ) (Crassostrea gigas)
ng/L
Marin  (2008) 4- (Fluka CAS# ) 125 25 50 100pg/L
( ) 14 (Cerastoderma
glaucum) 12.5ng/LL
50pg/L
( )
Ricciardi  (2008) 4- (Fluka CAS# )25 50 100 200pg/L
( ) (Mytilus galloprovincialis)
100pg/L (
)
4- (Fluka CASH )50 100 200 400 600 800 1,000pg/L
( ) (Carcinus aestuarii)
100 800ug/L
( ) 400 600 800pg/L
( ) 600
800ug/LL (
)
Matozzo  Marin (2005) 4 (Fluka CASH ) 25 50 100
200ng/L ( ) ( )
(Tapes philippinarurm) 100pg/L
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Czech (2001) 4- (Fluka CAS# ) 100pg/L ( )

12 (Lymnaea stagnalis)
()
O
Sohoni Sumpter (1998) 4 (Fluka CAS# )0.001
pM(=0.220 220ng/L) 72 (176- 0.25nM )
( ) (
s ) s
(Results) (Materials
and Methods)
s
Preuss (2010) oz (Aldrich _mixture of isomers with branched side
chains CAS# ) 4- (35-dimethyl-3-heptyl p353-NP
2,5-dimethyl-2-heptyl p252-NP  3,6-dimethyl-3-heptyl p363-NP 2.6-dimethyl-2-heptyl
p262-NP 3-methyl-3octyl p33-NP 2-methyl2-octyl p22-NP )
0.0001 1,000pM(=0.00022 220,000pg/1) a
ICso 29 7.4uM(=638
1,630pg/L) 100nM
Joa (Aldrich _mixture of isomerswith branched side chains CAS#
) 10 15 18uM(=1,100 2,200 3,300 3,960ng/L) 24 176
nM ) MV LN( )
( )
(Results) (Materials
and Methods)
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(@}

Sohoni Sumpter (1998) 4- (Fluka CASH ) 0.0001
10pM(=0.0220 2,200pg/L) 24 ( )
( B
) EC50 1pM(E=220pg/L)
6-
(Results) (Materials
and Methods)
s
O
Jolly  (2009) (Qmx Laboratories CAS# ) 0.00000001
0.000001 0.0001 o0.01 pM(=0.00000228 0.000228 0.0228 228 228ug/L) 48
(5
)
(Results) (Materials
and Methods)
Xu (2005) 4- (Sigma CAS# ) 0.1 10uM(E=22 220
2,200pg/L) 24 CV-1(
) (
)
(Results) (Materials
and Methods)
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(@}

Jolly  (2009) (Qmx Laboratories CAS# ) 0.00000001
0.000001 0.0001 o0.01 pM(=0.00000228 0.000228 0.0228 228 228ug/L) 48
Ga 10nM ) Ga

)
0.01pM(=2.281g/L)

(Results) (Materials
and Methods)
Xu (2005) 4- (Sigma CAS# ) 0.1 10uM(E=22 220
2,200pg/L) 24 (5a- inM )
CV-1( ) (
) 10nM(=2,200pg/1)
(Results) (Materials
and Methods)
Lee  (2003) 4- (Aldrich CAS# ) 0.001 0.01 0.1
10nM(E=022 22 22 220 2,200pg/L) 24 ( 10nM )
HepG2( ) (
)
ICx  0.781uM(E=172pg/L)
4- (Aldrich CAS# )0.01 0.1 10pM(=22 220 2,200ug/L)
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0.5
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Nakajin  (2001) 4 ( mixture of isomers with differently
branched nonyl chains CAS# Y12 2.7 45 12 27 45nuM(=260 600 1,000 2,600
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H295R 271M(=6,00011g/L)
(13) ( )
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(DNA ) (DNA ) DNA
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4-tert-
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4- 4-tert- 4-n-
24
() C )
O
Huang Wang (2001) 4-tert 16 40 64 256ug/L (
) 42 (Cyprinus carpio)
ng/L
(Results) (Materials
and Methods) (
)
Seki  (2003) 4-tert- 6.94+130 11.4+11.7 23.746.5 48.1+6.6
94.0+£6.0pg/L ( ) 12 60 (Oryzias
latipes) 11.4pg/L
23.ug/L 48.1ng/L
( )
(Results) (Materials

and Methods)
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Li (2012) 4-tert- 15 50 150 500ng/L ( )
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15ng/L

(Results) (Materials
and Methods)
Gronen  (1999) 4-tert 20.0+12.6 40.7£10.0 739+17.0
229.5+8.5pg/L ( ) 21 (Oryzias latipes)

20.0pg/L

(Results) (Materials
and Methods)
van den Belt (2003) 4-tert- 125 25 30 50 100pg/L (

) (Oncorhynchus mykiss)
30pg/L
4-tert 20 100 500ug/L ( )
(D. rerio)

(Results) (Materials

and Methods)
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(Results) (Materials

and Methods) ( )
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10pg/L 100pg/L
MRNA
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(Results) (Materials
and Methods) ( )
1 MRNA
C X )
Ashfield  (1998) 4-tert 10 50pg/L ( )
22 XX (Oncorhynchus mykiss) (
86 ) pg/L (108
)
4-tert 10 30pg/L ( ) 35
XX (0. mykiss) ( 431 )
pg/L (300 466 ) 10pg/L
(150 ) (150 ) (466 )
Knorr  Braunbeck (2002) 4- (Sigma-Aldrich CAS# )
20 50pg/L ( ) ( )
(Oryzias latipes) pg/LL
4- (Sigma-Aldrich CAS# )2 20 50pg/L ( )
( ) 14 (O. latipes) (12 13
) ng/L
50pg/L
Rasmussen (2005) 4-tert- 9+0.5 35+1.4 63+3.0pg/L (
) ( ) (Zoarces viviparus)
ng/L Y-
35pg/L
65ng/L
Andreassen (2005) 4-tert 25pg/L ( ) 168
(Zoarces viviparus)
a mMRNA
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van den Belt  (2001) 4-tert- 125 25 50 100pg/L (

) (Danio rerio) (
) 25ng/L
Robinson  (2004) 4-tert 445 3+2 205 3116 101+47pg/L
( ) 28 (Pomatoschistus minutus)
3lpg/L
4-tert 28 119ug/L ( ) 6
(P. minutus)
28ug/L 28ng/LL
mRNA ( 46 80 159 ) mRNA
( 24 80 159 ) (sperm duct gland) ( 46 80
) ( 80 137 )
Segner (2003) 4-tert- 12 37 11.9 38ug/L ( )
75 (Danio reri) (75 78
) ECso  0.136pM(E=28.0pg/L)
Toft Baatrup (2003) 4-tert- 10 100 200pg/L (
) Q0 (Poecilia reticulata)
100pg/L posturing
200pg/L
Toft Baatrup (2001) 4-tert- 100 300 900pg/L ( )
30 (Poecilia reticulata)
100pg/L 100 300pg/L
300ug/L ( )
4-tert- 100 300pg/L ( ) 60
(P, reticulatad) 300pg/L
( )
Bayly (1999 4-tert 150pg/L ( )
(Poecilia reticulata) ( 10 )
(sigmoid displays)
Senthil Kumaran (2011) 4-tert 250 500 750 1,000pg/L
( ) (Clarias gariepinus)
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250pg/L

Rhee (2009) 4-tert- 300pg/L ( ) 24
(Kryptolebias marmoratus)
H mMRNA LmRNA
4-tert 300pg/L ( ) 9%
(K. marmoratus)
HMRNA L mRNA
4-tert 300pg/L ( ) 9%
(K. marmoratus)
HmMRNA LmRNA
@Yu (2008) 4-tert- 300ug/L ( ) 24
(Kryptolebias marmoratus)
S -Mu mRNA
4-tert 300pg/L ( ) 24
(K. marmoratus)
S -Mu mRNA
@Rhee (2008) 4-tert- 300pg/L ( ) 96
(Kryptolebias marmoratus)
MRNA ( )
4-tert 300pg/L ( ) 9%
(K. marmoratus)
MRNA ( )
@Lee (2006) 4-tert 300ng/LL ( ) 96
(Kryptolebias marmoratus)
cypl9 mMRNA mMRNA
@Gray Metcalfe (1999) 4-tert- 50 100 250 500 750 1,000pg/L
( ) 17 (Oryzias latipes)
500pg/L
() ( )
O
Mayer (2003) 4-tert- 0.001 001 0.1uM (=0.206 2.06 20.6ug/L)
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( ) Gosner stage32 8:00 10:00 24 (Rana

catesbeiana)

4-tert:

0.001uM(=0.206pg/1)

0001 0.01 0.1uM (=0206 2.06 20.6pg/L) (

) Gosner stage33

800 10:00 24 (R. catesbeiana)
0.0011M(=0.206pg/1)

4-tert 0001 0.01 0.1uyM (=0.206 2.06 20.6pg/L) (
) Gosner stage33 800 10:00 24 (R. catesbeiana)
0.0011M(=0.206pg/1)
0.1pM(=20.6png/L) SF-1
(Results) (Materials
and Methods)
SK1
Porter (2011) 4-tert- 1.2+0.5 3.5#0.7 10+2 36t£7pg/L (
) Nieuwkoop-Faber stage 46 31 ( stage 65 25 )
(Xenopus tropicalis)
1.2 36pg/L ( )
10pg/L 36pg/L
(Results) (Materials
and Methods)
O
Kloas (1999) 4- (Sigma-Aldrich CAS# )0.01 0.1uM(=2.06
20.6pg/L) ( ) Nieuwkoop-Faber stage 38/40 12
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(Xenopus laevis) 0.01uM(E=2.06pg/L)

(Resul ts) (Materials
and Methods) (
)
( X )
Crump (2002 4- (Aldrich CAS# ) 0.001pM(=0.206pg/L)
( ) Gosner stage 21 10 (Rana pipiens)
BA12 mRNA NAP4
MRNA
Selcer \erbanic (2014) 4- (Chem Service CASH )
1,000pg/L ( ) 20 (Rana pipiens)
() ( ) )
Marcial (2003) 4-tert- 001 01 10pg/L ( )
24 21 (Tigriopus japonicus)Fo
01 pg/L
ng/L
4-tert 001 0.1 10pg/L ( ) ( R
) 21 (T japonicus)F1
0.01 01 1.0pg/lL
ng/L
Isidori  (2006) 4-tert- ( ) 24
(Ceriodaphnia dubia)
ECso 10pg/L
Zou  Fingerman (1997) 4- (Sigma CAS# )10 20 40pg/L
( ) ( 12 )
(Daphnia magna) 4
() ( )( )
Oehlmann  (2000) 4- (Merck CAS# ) 25 100pg/L

157



(

(

(Marisa cornuarietis)

ng/L ng/L
4- (Merck CAS# ) 100pg/L ( )
12 (M. comuarietis)
pg/L
4- (Merck CAS# ) 25 100pg/L ( )
(Nucella lapillus)
pneg/L
(capsule gland) (pallial gland)
Jobling (2004) 4-tert- 25 100pg/L ( )
63 (Potamopyrgus antipodarurm)
525ng/L (21 ) 25pg/L
@3 )
)
O
Ghisari  Bonefeld-Jorgensen (2005) 4- (Aldrich CAS# )
0.01 0.1 10uM(=2.06 20.6 206 2,060ug/L)
GH3( ) (T-Screen assay)
nM(=206pg/L) (10pM
)
ICI 18-2780 1nM
(Results) (Materials
and Methods)
IC118-2780
)
O
Xu (2005) 4 (Sigma CAS# )0.1 10uM(=20.6 206
2,060pg/L) 24 CV-1(

)
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(

(Results)

(Materials

and Methods)
)
O
Xu (2005) 4 (Sigma CAS# )0.1 10uM(=20.6 206
2,060pg/L) 24 (5a- inM )
CV-1( ) (
) 10pM(=2,060pg/L)
(Results) (Materials
and Methods)
)
O
Ishihara (2003 A-tert nM(=1,650pg/L)
0.1nM
4-tert pM(=206pg/L) B
0.1nM
(Results) (Materials

and Methods)
)
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Ghisari  Bonefeld-Jorgensen (2005) 4- (Aldrich CAS# )
0.01 01 10nM(=2.06 20.6 206 2,060ng/L) (0.5nM
) GH3( )
(T-Screen assay) 10pnM(=2,060pg/L)
( )
(Results) (Materials
and Methods)
()
O
Kotula-Balak (2011) 4-tert- 001 01 10 100pM(=2.06
20.6 206 2,060 20,600ug/L) MA-10
0.1nM(=20.6pg/L) 36-

pM(=206pg/L)

(Results) (Materials
and Methods)
36-
Murono  (2001) 4-tert 0.001 0.01 0.1 05 uM(=0.206 2.06
20.6 103 412pg/L) 24 ( 10mIU/mL
) (55 65 SD
) 0.1uM(=20.6pg/L)
( pM ) 0.5nM(=103pg/L)
(22R- M ) (
nM ) (
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4-tert 0001 001 0.1 0.5 uM(=0.206 2.06 20.6 103 412ng/L)
24 65 SD )
0.5uM(=103pg/L) (
) 10mIU/mL
)
(Results) (Materials
and Methods)
36-
Nikula (1999) 4-tert 0.1 10 100uM(E=206 206 2,060
20,600pg/L) 48 ( 10mIU/mL
) mLTC-1
nM(E=206pg/L) c-AMP
(Results) (Materials
and Methods)
c-AMP

( )
0001 0.01 0.1 05 uM(=0.206 2.06

Murono  (2000) 4-tert
20.6 103 412pg/L) 24 ( 10mIU/mL
) (23 SD )
0.1nM(=20.6pg/L) (
nM ) 0.5nM(=103pg/L)
(22R- nM ) (
nM ) ( M
)
4tert- 0001 001 0.1 0.5 pM(=0.206 2.06 20.6 103 412ng/L)
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24

0.1uM(=20.6pg/L)
0.5uM(=103ng/L)

-CAMP 1mIU/mL )

(23  SD

10mIU/mL )
Murono  (1999) 4-tert 0.001 0.01 0.1 05 uM(=0.206 2.06
20.6 103 412pgl) 24 ( SD
) 0.5uM(=103pg/L)
(8- <AMP 1mIU/mL ) nME=412ng/L)

( 10mIiu/mL ) ( 0.001
0.01pM )

Atert 0001 001 0.1 0.5 puM(=0.206 2.06 20.6 103 412ng/L)

24 ( 10mIu/mL
22R- M
) ( SD )
(10) ( )

Lee (2004) A-tert 0.01 0.1 10uM(=20.6 206 1,030
2,060pg/L)

0.1nM(=20.6pg/L)

4 tert- 001 0.1 10uM(=20.6 206 1,030 2,060ug/L)
EL4
uM(=206 1,030pg/L) PMA( )

lwata (2004) 4-tert 10uM(=2,060pg/L)

DKO Y-

(11) ( )
Nakajin  (2001) 4-tert 13 2.3 4.8 13 23 48uM(=260 600
1,000 2,600 6,000 10,000pg/L) 48 ( c-AMP 1mM )

H295R 1.3uM(=260pg/L)

(12) ( )

Masuno  (2003) 4-tert 10,000pg/L
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growth differentiationfactor9 mRNA
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MRNA H mRNA 200pug/L
L mRNA
@Metcalfe  (2001) 10 50 100 200pg/L ( )
8 110 (Oryzias latipes)
100ng/L ( ) (
) ( )
@Huang (2011) 200pg/L )
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) ( ) ( ) NKA mRNA
BMP4mRNA COX-ImRNA FGFEmMRNA GATA4
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TNFamRNA IL 16 mRNA SODmMRNA CCL11
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@Wang (2013) 15uM(E=228 1,140 3,420pg/L) (
) 0 (Danio rerio)
M (=228pg/1) 120
9% 96 DNA 5uM(=1,140pg/L)
27 96
9% -3 96 15uM(=3,420pg/L)
72 27 28
48 96 Bax mRNA
@Suzuki  (2003) uM(E228pg/1) ( )
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@Rhee (2011) 300pg/LL ( ) 25 24
(Kryptokebias marmoratus)
sf1 mRNA dmrtl mRNA mis mRNA figla mMRNA
daxImRNA StARMRNA
@Yu (2008) 300ug/LL ( ) 24
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S- -Mu mRNA
300pg/L ( ) 24 (K.
marmoratus) S
-MumRNA
300pg/L ( ) 24 (K.
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GOPelayo (2012 100 400 1,000 2,000 4,000pg/L (
) 48 ( ) 72 ( 5nM )
(Danio rerio) ( ) 400pg/L
hemoglobin alpha embryonic-3 mRNA 1,000pg/L
alpha globin (adult) mRNA 2,000pg/L
red-sensitive opsin-1 mRNA
17.5nM(=4,000pg/L) ( ) 48 ( )
72 (D. rerio) ( )
amRNA red-sensitive opsin-1 mRNA
alpha globin (adult) mRNA hemoglobin alpha embryonic-3 mRNA
cyp26la mRNA
@DSong (2014) 500 1,000 1,500pg/L ( )
21 (Danio rerio)
500pg/L
G3Rhee (2009) 600pg/L ( ) 24
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H mRNA L mRNA
600pg/L ( ) 96 (K
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MRNA L mRNA
600pg/L ( ) 96 (K
marmoratus) H
MRNA L mRNA
@HRhee (2008) 600pg/L ( ) 96
(Kryptokebias marmoratus)
MRNA ( )
600pg/L ( ) 96 (K
marmoratus)
mRNA ( )
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N-rasmRNA
©0Seo  (2006) 600pg/L ( ) 96
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amRNA
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@DLee (2006) 600ng/L ( ) 9%
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cyplamRNA cyp19b mRNA cypl9a
MRNA
@9Kamata (2011) 100 300 1,000 3,000pg/L ( )
48 (Gambusia affinis)
1,000pg/L (vtga vigb vigd) mMRNA
@Segner (2003) 94 188 375 750 1,500ug/L ( )
75 (Danio reri) (75 78
) ECso  6.14pM(=1,400pg/L)
@Kausch (2008) 0.1 20 200 400 1,000 2,000pg/L (
) 11 (Danio rerio)
2,000pg/L vigI mRNA
@Cotter (2013) 10uM(=2,280pg/L) ( ) 24
120 (Danio rerio)
a MRNA
@Kishida (2001) 001 01 10nM(=2.28 22.8 228
2,280pg/L) ( ) 48
(Danio rerio) 10uM(=2,280pg/L) P450
B( YMRNA
@wu  (2012) 0.0001 0.001 0.01pM(=0.0228 0.228 2.28ng/L)
( ) 21 (Gobiocypris rarus)(
) mMRNA B
MRNA B MRNA B MRNA
B MRNA B MRNA
60Mochida (2004) 0.28 0.79 302 19.1pg/L ( )
(Acanthogobius flavimanus)
C MRNA C MRNA
-320 -530
&lpastva (2001) 20 200pg/L ( ) 5
(Oryzias latipes) (

)
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Lewy  (2004)
Nieuwkoop-Faber stage 42/43

0.01 0.1

Nieuwkoop-Faber stage 42/43

0.1uM(=22.8ug/L)

0.01 0.1pM(=228 22.81g/L) ( )
120 (Xenopus laevis)

0.1pM(E=22.8ug/1)

IM(E=2.28 228 228ug/L) ( )
120 (X laevis)
0.1pM(E=22.8pg/L)

( ) Nieuwkoop-Faber stage 50

14 (X. laevis)
MRNA
(Results) (Materials
and Methods)
MRNA
O
Kloas (1999 001 0.1pM(=2.28 22.8ng/L) ( )
Nieuwkoop-Faber stage 38/40 12 (Xenopus laevis)
0.1uM(=22.8pg/L)
(Resul ts) (Materials
and Methods) (
)
lwamuro  (2003) 10 25pM(=2,280 5,700pg/L) ( )
Nieuwkoop-Faber stage 52 22 (Xenopus laevis)
10uM(=2,280pg/L) stage
HFmRNA ( )
10 25uM(=2,280 5,700pg/L) ( )  Nieuwkoop-Faber
stage 52 22 (0.1pM ) (Xenopus laevis)
10uM(=2,280pug/L) stage
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BmMRNA ( )

(Resul ts) (Materials
and Methods)

( X )
Selcer \erbanic (2014) 1,000pg/L ( ) 20

(Rana pipiens)

Yang (2005) 20 200pg/L ( ) 60
(Rana nigromaculata)
(
)
Pickford  (2003) 0.83 2.1 95 23.8 100 493ug/L (
) stage 43/45( ) stage 66( ) 0
(Xenopus laevis) ( )

(SVL) stage66

() ( X )

Marcial (2003) 0.01 0.1 10pg/L ( ) 24
21 (Tigriopus japonicus)Fo
0.1pg/L
ng/L
001 0.1 10pg/L ( ) ( Fo )
21 (T. Japonicus)F1
0.01 0.1 1.0pg/L pg/L
Brennan (2006) 200 400 600 800 1,000pg/L ( )
24 21 (Daphnia magna)k
600pg/L
200 400 600 800 1,000ug/L ( ) ( (=
) 21 (D. magna)F.
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200pg/L

Caspers (1998) 0316 3.16ug/LL ( ) 21 (24
) (Daphnia magna)
() ( )( )
Oehlmann  (2006) 0.05 01 0.25 0.5pg/L ( ) 18
(Marisa cornuarietis)
0.25pg/L
Jobling  (2004) 25 100pg/L ( ) 63
(Potamopyrgus antipodarum)
25pg/L @1 42 )
Oehlmann  (2000) 25 100pg/L ( )
(Marisa cornuarietis)
ng/L ng/L
100pg/L ( ) 1°
(M. comuarietis) pg/LL
100pg/L
25 100pg/L ( )
(Nucella lapillus) pg/LL
(capsule gland)
(pallial gland)
Sieratowicz (2011) 460 889 19.4 38.7pug/LL ( )
(Potamopyrgus antipodarum)
8.89ng/L ( 25 ) 38.7pg/LL
(16 )
Schirling (2006) 50 100pg/L ( ) 14
(Marisa comuarietis)
100pg/L ( )
Mihaich  (2009) 470 940 1,900 3,800 7,500pg/L (
) 24 48 (Bachionus calyciflorus)
3,800pg/L
Ortiz-Zarragoitia  Cajaraville (2006) 50pg/L ( )
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(Mytilus edulis)

-CoA
( )
)
O
Teng (2013) 0.01 100nM(=2.28 22,800ug/L) 24
(176- 0.2nM ) CV-1(
a (
)
(Results) (Materials
and Methods)
Sohoni  Sumpter (1998) 0.001 100pM(=0.228 22,800pg/L)
72 0.25nM ) (
) (
s s
(Results) (Materials
and Methods) ( )
s
()
O
Teng (2013) 0.01 100nM(=2.28 22,800ug/L) 24
(176- 0.2nM ) CV-1(
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(Results) (Materials

and Methods)
Sohoni Sumpter (1998) 0.0001 100nM(=0.0228
22,800pg/L) 24 ( )
( B
) B-

(Results) (Materials

and Methods) ( )
s
Jolly  (2009) 0.00000001 0.000001 0.0001 0.01
pM(=0.00000228 0.000228 0.0228 2.28 228ug/L) 48
(5a- )

(Results) (Materials
and Methods)
Xu  (2005) 0.1 10uM(=22.8 228 2,280ug/L) 24

CV-Y( )
(
)

(Results) (Materials

and Methods)

188



( )
Sun  (2006) 0.1 10pM(=22.8 228 2,280pg/L) 24

CV-L( )
( B
) B-
()
O
Jolly  (2009) 0.00000001 0.000001 0.0001 0.01
nM(=0.00000228 0.000228 0.0228 2.28 228ng/L) 48 (5a-
10nM ) Ba-
) 0.01nME2.28ug/1)
(Results) (Materials
and Methods)
Lee (2003 0.01 0.1 10nM(=22.8 228 2,280pg/L)
24 ( 10nM ) 15p-1(
) (
) ICs»  0.08pM(=18.2ug/L)
0.001 0.01 0.1 10nM(=0.228 228 22.8 228 2,280ng/L)
24 ( 10nM ) HepG2(
) (
) ICs0  0.318uM(=72.6pg/L)
0.1 10 100nM(=22.8 228 2,280 22,800pg/L) 3
( 10nM ) ( )
( s
) ICso 1.8uM(=411pg/L) B
(Results) (Materials

189



and Methods)

Xu  (2005) 0.1
(5a- InM
)
0.1pM(=22.8pg/L)
(Results)
and Methods)
Teng (2013
(R1881 0.5nM )
) (
)
(Results)
and Methods)
Sohoni  Sumpter (1998)
24 Ba
) (
B )
10pM(=2,280ng/L)
(Results)

and Methods)

0.01

10nM(=22.8 228 2,280pg/L)
) CV-1(
(

24

(Materials

100pM(=2.28 22,800pg/L)
C\V-1(

ICso  2.34pM(=534ng/L)

24

(Materials

0.01 100pM(=2.28
1.25nM ) (

ICso

22,800pg/L)

(Materials

( )



(

)

Sun  (2006) 0.1 10pM(=22.8 228 2,280pg/L) 24
(5a- 1InM ) C\V-Y(
) (
b )
pM(=228pg/L) 6
Ermler (2010) 0.1 100pM(=22.8 22,800pg/L) 24
Ga 0.25nM ) MDA-kb2(
) (
) 1Cso
4.2uM(=958pg/L)
Roy (2004) 0.1 10 50uM(E=22.8 228 2,280 11,400pg/l)
24 (R1881 0.1nM ) CHO K1(
) (

) ICso
19.6pM(=4,470pg/L) (12223)( )
Fang (2003) 0.00428 428pM(=0.976 97,600pg/L)

( )
ICo  75uM(=17,100png/L) R1881 1nM

Kim (2010) 10 1,000nM(=2,280 228,000pg/L)

( )

(
ICso  110uM(=17,100pg/L) R1881 8nM

)
(@]
Ghisari  Bonefeld-Jorgensen (2005) 001 01 10uM(=22.8
228 2,280pg/L) GH3( )

(T-Screen assay)

IC1 18-2780 1nM

(Results)

0.1pME=22.8ug/L)

(Materials

191



and Methods)

ICI 18-2780
( )
Sheng (2012) 0.001 0.1nM(=0.228 22.8ng/L) 24
CV-L( B1 )
(
)
Sun  (2009) 25 10 31.6uM(=228 570 2280 7,200ug/L)
12 CV-L( B )
(
)
Freitas (2011) 0.01 0.05 0.1 10 50 100 500puM(=2.28
114 228 14 228 1140 2,228 11,400 22,800 114,000pg/L) 24
GH3( ) (
)
Terasaki (2011) 100pM(=22,800ng/L) 4
( a ) (
)
()
O
Moriyama (2002) 0001 0.01 01 10 100M(=0.228 2.28
22.8 228 2280 22,800pg/L) ( nM )
TSA201( al pL )
(
) nME=228ug/1)
(Results) (Materials
and Methods)

192



Ishihara (2003) pM(=1,820pg/L)
0.1nM
M (=228ng/L) B
0.1nM
(Results) (Materials
and Methods) (
)
O
Sheng (2012) 0.001 0.1nM(=0.228 22.8ng/L) 24
( 0.1nM ) CV-1(
Bl )
0.001pM(=0.228ng/1)
(Resul ts) (Materials
and Methods)
Ghisari  Bonefeld-Jorgensen (2005) 001 01 10pM(=22.8
228 2,280pg/L) ( 05nM )
GH3( ) (T-Screen assay)
(Results) (Materials
and Methods)

193



( )
Sun  (2009) 25 10 31.6pM(=228 570 2280 7,200pg/L)

12 ( 10nM )
CV-1( B ) (

10pM(=2,280ng/L)

Freitas (2011) 0.01 0.05 0.1 10 50 100 500pM(=2.28
11.4 228 114 228 1,140 2,228 11400 22,800 114,000ng/L) 24 (
0.25nM ) GH3( )
(
) ICs 50pM(E=11,400pg/L)
Terasaki (2011) 04 8 20nM(E=182 912 4,560pg/L)
4 ( 100nM ) ( a
) (
)
Marchesini  (2006) 001 01 10pM(=22.8 228 2,280pg/L)
(10)
(@]
Kim (2010 0.1 10uM(=22.8 228 2,280pg/L)
72 RC2
0.1puM(=22.8pg/L) (24 ) MRNA
(24 ) (72 ) ( 0.1uM
72 ) -2 mRNA (16 ) E2 (24
) CAMP (18 )
(Results) (Materials
and Methods)

194



Zhou  (2008) 0.1 10 100uM(=22.8 228 2,280 22,800ug/L)

48 ( SD )
0.1pnM(=22.8ug/1) P450scc MRNA
0.1 10 100pM(=22.8 2,280 22,800ug/L) P450c17 mRNA
10pnM(=2,280pg/L) StAR mRNA
0.1 10 100pM(=22.8 228 2,280 22,800pg/L) 48
( SD )
0.1 10uM(E=228 228 2,280pg/L) (
100puM ) uM(E=228ug/l) P450arom mRNA
10uM(=228  2,280pg/L) P450scc MRNA
100 M(=22,800pg/L) StAR mRNA
(Results) (Materials
and Methods)
Nikula (1999) 0.1 10 100uM(=22.8 228 2,280 22,800pg/L)
48 ( 10mIu/mL
) mLTC-1
0.1uM(=22.8ug/L) c-AMP nM(=228pg/L)
(Results) (Materials

and Methods)

Zhang (2011) 0039 0.156 0.625 2.5 10 40uME=2.2 8.9
35.6 143 571 2280 9,120pg/L) 30 H295R
10pM(=2,280pg/L) 176

195



(@}

and Methods)

176-

(Results) (Materials

Murono  (2001)
114 456pg/L)

and Methods)

Ye (2011)
22,800ng/L)

36-
CYP17A1 IC50

36-
CYP17A1 IC50

20nM

SD

Dankers (2013)
2,280 6,.840png/L)

0001 0.01 01 0.5 2uME=0.228 2.28 22.8

( 10mIU/mL 24 22R-
M 4 ) (55 65 Sb
(Results) (Materials
( )
001 01 10 100uM(=2.28 22.8 228 2,280

ICx  7.92uM(=1,806pg/L)
18.99uM(=4,300pg/L)
001 0.1 10 100pM(=228 22.8 228 2,280 22,800ng/L)

ICso  26.49nM(=6,040pg/1)
64.6TuM(=14,700pg/L)

001 0.1 10 100nM(=228 22.8 228 2,280 22,800pg/L)
100ng/mL 20pM
20pM ) (90
) 10uM(=2,280pg/L)
01 0.3 10 30pM(=22.8 68.4 228
24 MA-10

196



10uM(=2,280pg/L)

Peretz  Flaws (2013) 10 100pM(=228 2,280 22,800ug/L)

96 (32-35 CD-1 )

10pM(=2,280pg/L)
StAR mRNA
Cypllal mRNA
Savchuk  (2013) 10uM(=2,280pg/L) 17 (
10ng/mL ) ( CBA/Lac
/ )
5a- -3a176
10uM(=2,280ug/L) 17 (
10ng/mL ) ( C57BL/6j
/ ) 5a-
-3a,176-
Kwintkiewicz  (2010) 40 60 80 100uM(=9,130 13,700 18,300
22,800ng/L) 48 ( 100ng/mL )

KGN 40pM(=9,120pg/L) IGF1
mMRNA CYP19 mRNA GATA4 mRNA
80pM(=18,3001g/L) 176

40 60 80 100pM(=9,130 13,700 18,300 22,800pg/L)
48 ( 100ng/mL )

40pM(=9,120pg/L) CYP19 mRNA
(11) ( )
Miyatake (2006) 0.00000001 0.0000001 0.000001 0.00001 0.0001
0.001 0.01 0.1  pM(=0.00000228 0.0000228 0.000228 0.00228 0.0228 0.228 2.28
22.8 228ng/L) 24 ( ICR )
0.00000011M(=0.0000228ug/L) ( 0.0001

0.001uM )

0.00000001 0.0000001 0.000001 0.00001 0.0001 0.001 0.01
0.1  uM(E=0.00000228 0.0000228 0.000228 0.00228 00228 0.28 2.28 22.8 228pg/L)
24 ( ICR )
0.00000011M(=0.0000228ug/1) (
0.0001 0.001 0.01pM )

197



)

Tanabe  (2012) 0001 0.01 0.1 10uM(=0.228 2.28 22.8
22,800ng/L) CA-1 ( SD
0.01 0.1uM(=228 22.8g/L) (
wakura (2010) 0.1pM(=22.8pg/L)
( 15 SD )
Sinapsin | ( ) MAP2 ( )

(
)
Nakazawa Ohno (2001)
(
(

Matsunaga (2010)
( 17
)
(12) (
Watanabe (2003)
2.28 22.8ug/L) (
HL-60
CD18
(13)
Nanjappa (2012)
10ng/mL )
Okada (2007)
228 2,280pg/L) 48
uM(=228ng/L)
(14) (
Masuno (2003)

(

) PERK 2 (

10pM(=2,280pg/L)

a364 )
300pM 20 )
10pM(=2,280pg/L) 24
) MAP2

)

PERK 1

Tau(

10.0001 0001 0.01 0.1uM(=0.0228 0.228

25ng/mL )
0.0001pM(=0.0228pg/L)

0.0001pM(=0.0228pg/L)

( )
10nM(=2,280pg/L) 18
(1

0001 001 01
GH3

)
0.001nM(=0.228pg/L)

)

198

10nM(=0228 228 22.8



14

14
(Results)
2)
(Materials and
Methods)
3)
1)
(1) Xu  (2013) S

Hatef (2012a)

oP

Hatef (2012b)

oP

Mandich (2007)

Molina (2013)

Kwak (2001)

Saili (2012)

Zhang (2014)

Gao (2014)

Zhang (2013)

Liu (2012)

Sun_ (2014)

oP

199




(Results)

(Materials and
Methods)

1

2)

3)

Huang (2010)

Yokota (2000)

oP

Zhang (2014)

Lee (2002)

oP

Mihaich _(2012)

oP

0

Larsen (2006)

Bhandari
(2015)

Shanthanagouda
(2014)

@Li (2012)

oP

@Chen (2008)

@) Metcalfe (2001)

@) Staples (2011)

oP

@Huang (2011)

2@Wang (2013)

@)Suzuki  (2003)

@Rhee (2011)

PYu (2008)

G0 Pelayo (2012)

@DSong (2014)

@ Tabata (2004)

oP

G)Rhee (2009)

8Rhee (2008)

200




(Results)

(Materials and

2)

Methods)
3)
1)

TLee (2008)
G9Seo (2006)
G)Lee (2006)
WKang (2002) [S) oP IS
@9Kamata (2011)
@van den Belt op o
(2003)
@Segner (2003)
Kausch (2008)
43 Cotter (2013)
@Kishida (2001)
@ Shioda
Wakabayashi oP o
(2000)
@ Chow (2013) oP o
@pSchiller  (2014) oP o
@ Yamaguchi

o obP o
(2005)
@Wu (2012)
Mochida (2004)
ZiPastva (2001)

2) Levy (2004) o oP o
Kloas (1999) >< ><
lwamuro

(2003) >< >

201




(Results)

(Materials and

Methods)

1

2)

3)

Selcer  Verbanic
(2014)

Yang (2005)

Pickford (2003)

©)

Marcial (2003)

Brennan (2006)

Caspers (1999)

Oehlmann
(2006)

Jobling  (2004)

Oehlmann
(2000)

Sieratowicz
(2011)

Schirling
(2006)

Mihaich  (2009)

Ortiz-Zarragoitia
Cajaraville
(2006)

®)

Teng (2013)

oN

Sohoni
Sumpter (1998)

oN

(6)

Teng (2013)

oN

Sohoni
Sumpter (1998)

Jolly  (2009)

oN

202




(Results)

(Materials and
Methods)

1

2)

3)

XU (2005)

oN

Sun_ (2006)

@)

Jolly  (2009)

oP

Lee (2003)

oP

0

Xu_ (2005)

oP

0

Sun (2006)

Teng (2013)

oP

Ermler (2010)

Sohoni
Sumpter (1998)

Roy (2004)

Fang (2003

Kim _(2010)

(8)

Ghisari
Bonefeld-Jorgensen
(2005)

Sheng (2012)

Sun_ (2009)

Freitas (2011)

Terasaki  (2011)

©)

Sheng (2012)

Moriyama
(2002)

Sun_ (2009)

Freitas (2011)

Terasaki (2011)

203




(Results)

(Materials and

Methods)

1

2)

3)

Ghisari

Bonefeld-Jorgensen
(2005)

oN

Marchesini
(2006)

Ishihara (2003)

oP

0

(10)

Kim _ (2010)

oP

0

Zhou (2008)

oP

Nikula _ (1999)

oP

Ye (2011

Dankers (2013)

Peretz
Flaws(2013)

Savchuk (2013

Zhang (2011)

oP

Kwintkiewicz
(2010)

Murono (2001)

oN

(11)

Miyatake
(2006)

Tanabe (2012)

lwakura (2010)

Nakazawa
Ohno(2001)

204




(Results)

(Materials and

2)

Methods)
3)
1
Matsunaga
(2010)
(12) Watanabe
(2003)
(13) Nanjappa
(2012)
Okada (2007)
(14) Masuno (2003)
1o
2)o P N
3)o >

Marcial HS, Hagiwara Aand Snell TW (2003) Estrogenic compounds affect development of

harpacticoid copepod Tigriopus japonicus. Environmental Toxicology and Chemistry, 22 (12),

3025-3030.

205




Brennan SJ, Brougham CA, Roche JJ and Fogarty AM (2006) Multi-generational effects of four
selected environmental oestrogens on Daphnia magna. Chemosphere, 64 (1), 49-55.

Caspers N (1998) No estrogenic effects of Bisphenol Ain Daphnia magnaSTRAUS. Bulletin of
Environmental Contamination and Toxicology, 61 (2), 143-148.

Xu H, Yang M, Qiu W, Pan Cand Wu M (2013) The impact of endocrine-disruptingchemicalson
oxidative stress and innate immune response in zebrafish embryos. Environmental Toxicology and
Chemistry, 32 (8), 1793-1799.

Hatef A, Zare A, Alavi SM, Habibi HR and Linhart O (2012a) Modulations in androgenand
estrogen mediating genes and testicular response in male goldfishexposed to bisphenol A.
Environmental Toxicology and Chemistry, 31 (9), 2069-2077.

Hatef A, Alavi SM, Abdulfatah A, Fontaine P, Rodina M and Linhart O (2012b) Adverse effectsof
bisphenol Aon reproductive physiology in male goldfish atenvironmentally relevant
concentrations. Ecotoxicology and Environmental Safety, 76 (2), 56-62.

Mandich A, Bottero S, Benfenati E, Cevasco A, Erratico C, Maggioni S, Massari A, Pedemonte F
and Vigano L (2007) In vivo exposure of carp to graded concentrations of bisphenol A. General and
Comparative Endocrinology, 153 (1-3), 15-24.

Molina AM, Lora AJ, Blanco A, Monterde JG, Ayala N and Moyano R (2013) Endocrine-active
compound evaluation: Qualitative and quantitative histomorphological assessment of zebrafish
gonads after bisphenol-Aexposure. Ecotoxicology and Environmental Safety, 88, 155-162.

Kwak HIl, Bae MO, Lee MH, Lee YS, LeeBJ, KangKS, Chae CH, Sung HJ, Shin JS, Kim JH, Mar
WC, Sheen YY and Cho MH (2001) Effects of nonylphenol, bisphenol A, and their mixture onthe
viviparous swordtail fish (Xiphophorus helleri). Environmental Toxicology and Chemistry, 20 (4),
787-795.

Saili KS, Corvi MM, Weber DN, Patel AU, Das SR, Przybyla J, Anderson KAand Tanguay RL

(2012) Neurodevelopmental low-dose bisphenol Aexposure leads to early life-stage hyperactivity
and learning deficits in adult zebrafish. Toxicology, 291 (1-3), 83-92.

206



Zhangy, Gao J,Xu P, Yuan C,Qin F, Liu S, Zheng Y, YangY and Wang Z (2014) Low-dose bisphenol
A disrupts gonad development and steroidogenic genesexpression in adult female rare minnow
Gobiocypris rarus. Chemosphere, 112, 435-442.

Gao J,Zhang Y, Yang Y, YuanC, Qin F, LiuS, Zheng Y and Wang Z (2014) Molecular
characterization of PXR and two sulfotransferases and hepatic transcripts of PXR, two
sulfotransferasesand CYP3A responsive to bisphenol Ain rare minnow Gobiocypris rarus.
Molecular Biology Reports, 41 (11), 7153-7165.

ZhangY, YuanC,Hu G, LiM, Zheng Y, GaoJ, Yang Y, Zhou Y and WangZ (2013) Characterization
of four nr5a genesand gene expression profiling for testicular steroidogenesis-related genes and
their regulatoryfactors in response to bisphenol Ain rare minnow Gobiocypris rarus. General and
Comparative Endocrinology, 194, 31-44.

Liu S,Qin F, WangH,Wu T, Zhang Y, Zheng Y, Li Mand Wang Z (2012) Effects of
17alpha-ethinylestradiol and bisphenol Aon steroidogenic messenger ribonucleic acid levels in the
rare minnow gonads. Aquatic Toxicology, 122-123, 19-27.

SunL,Lin X, Jin R, Peng T, Peng Z and Fu Z (2014) Toxic Effects of Bisphenol Aon Early Life
Stages of Japanese Medaka (Oryzias latipes). Bulletin of Environmental Contamination and
Toxicology, 93 (2), 222-227.

Huang W, Zhang ¥, Jia X, Ma X, Li S, LiuY,ZhuP, Lu D, Zhao H, LuoW, YiS, Liu Xand Lin H
(2010) Distinct expression ofthree estrogen receptors in response to bisphenol Aand nonylphenol
in male Nile tilapias (Oreochromis niloticus). Fish Physiology and Biochemistry, 36 (2), 237-249.

Yokota H, Tsuruda Y, MaedaM, OshimaY, Tadokoro H, Nakazono A, Honjo T and Kobayashi K
(2000) Effect of bisphenol Aon the early life stage in Japanese medaka(Oryzias latipes).
Environmental Toxicology and Chemistry, 19 (7), 1925-1930.

Zhang, YuanC, Qin F, Hu G and Wang Z (2014) Molecular characterization of gdf9and bmp15
genes in rare minnow Gobiocypris rarusand their expression upon bisphenol Aexposure in adult

females. Geng, 546 (2), 214-221.

Lee C,NaJG, Lee KC and Park K (2002) Choriogenin mRNA induction in male medaka, Oryzias
latipes as a biomarkerof endocrine disruption. Aquatic Toxicology, 61 (3-4), 233-241.

207



Mihaich E, Rhodes J, Wolf J, van der Hoeven N, Dietrich D, Hall AT, Caspers N, Ortego L, Staples C,
Dimond S and Hentges S (2012) Adult fathead minnow, Pimephales promelas, partial life-cycle
reproductive and gonadal histopathology study with bisphenol A. Environmental Toxicology and
Chemistry, 31 (11), 2525-2535.

Larsen BK, Bjornstad A, Sundt RC, Taban IC, Pampanin DM and Andersen OK (2006) Comparison
of protein expressionin plasmafrom nonylphenol and bisphenol A-exposed Atlantic cod (Gadus
morhua) and turbot (Scophthalmus maximus) by use of SELDI-TOF. Aquatic Toxicology, 78
(Supplement 1), S25-S33.

Bhandari RK, vom Saal FS and Tillitt DE (2015) Transgenerational effects fromearly
developmental exposures to bisphenol Aor 17 a-ethinylestradiol in medaka, Oryzias latipes.
Scientific Reports, 5, 9303. doi: 10.1038/srep09303.

Shanthanagouda AH, Nugegoda D and Patil JG (2014) Effectsof Bisphenol Aand Fadrozole
Exposures on cypl9al Expression in the Murray Rainbowfish, Melanotaenia fluviatilis. Archives
of Environmental Contaminationand Toxicology, 67 (2), 270-280.

Li Z, Zhang H, Gibson Mand Liu P (2012) An evaluation of the combined effects of phenolic
endocrinedisruptors on vitellogenin induction in goldfish Carassius auratus. Ecotoxicology, 21 (7),
1919-1927.

Chen X, LiVW, Yu RM and Cheng SH (2008) Choriogenin mRNA as a sensitive molecular
biomarkerfor estrogenic chemicals in developingbrackish medaka(Oryzias melastigma).
Ecotoxicology and Environmental Safety, 71 (1), 200-208.

Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, KhanC, Hughes RJ, Croley TR, March RE and
Potter T (2001) Estrogenic potency of chemicals detected in sewage treatment plant effluents as
determined by in vivo assays with Japanese medaka (Oryzias latipes). Environmental Toxicology
and Chemistry, 20 (2), 297-308.

Staples CA, Tilghman Hall A, Friederich U, Caspers N and Klecka GM (2011) Early life-stage and

multigeneration toxicity study with bisphenol Aand fathead minnows (Pimephales promelas).
Ecotoxicology and Environmental Safety, 74 (6), 1548-1557.

208



Huang Q, Fang C,ChenY,Wu X, Ye T, Lin Y and Dong S (2011) Embryonic exposure to low
concentration of bisphenol A affects the development of Oryzias melastigma larvae. Environmental
Science and Pollution Research, 19 (7), 2506-2514.

Wang X, Dong Q, ChenYY, Jiang H, Xiao Q, Wang Y, LiW, Bai C, Huang C and Yang D (2013)
Bisphenol Aaffects axonal growth, musculature and motorbehavior in developing zebrafish.
Aquatic Toxicology, 142-143, 104-113.

Suzuki N, Kambegawa Aand Hattori A(2003) Bisphenol Ainfluences the plasma calcium level and
inhibits calcitonin secretion in goldfish. Zoological Science, 20 (6), 745-748.

Rhee JS, Kim BM, Lee CJ, Yoon YD, Lee YMand Lee JS (2011) Bisphenol Amodulates expression
of sex differentiation genes in the self-fertilizing fish, Kryptolebias marmoratus. Aquatic
Toxicology, 104 (3-4), 218-229.

Yu IT, Rhee JS, Raisuddin S and Lee JS (2008) Characterizationof the glutathione
S-transferase-Mu (GSTM) gene sequence and its expression in the hermaphroditic fish,
Kryptolebias marmoratusas a function of development, gender type and chemical exposure.
Chemico-Biological Interactions, 174 (2), 118-125.

Song M, Liang D, Liang Y, Chen M, Wang F, Wang H and Jiang G (2014) Assessingdevelopmental
toxicity and estrogenicactivity of halogenated bisphenol Aon zebrafish (Danio rerio).
Chemosphere, 112, 275-281.

Tabata A, Watanabe N, Yamamoto I, Ohnishi Y, Itoh M, Kamei T, Magara Y and Terao Y (2004) The
effect of bisphenol A and chlorinated derivatives of bisphenol A on the level of serum vitellogenin in
Japanese medaka (Oryzias latipes). Water Science and Technology, 50 (5), 125-132.

Rhee JS, Kang HS, Raisuddin S, Hwang DS, Han J, Kim RO, Seo JS, Lee YM, Park GS, Lee SJand
Lee JS (2009) Endocrine disruptors modulate expression of hepatic choriogenin genes in the
hermaphroditic fish, Kryptolebias marmoratus. Comparative Biochemistryand Physiology - Part
C: Toxicology and Pharmacology, 150 (2), 170-178.

Rhee JS, Seo JS, Raisuddin S, KiJS, Lee KW,Kim IC, Yoon YD and Lee JS (2008)

Gonadotropin-releasing hormone receptor (GNRHR) gene expressionis differently modulated in
gender types of the hermaphroditic fish Kryptolebias marmoratus by endocrine disrupting

209



chemicals. Comparative Biochemistry and Physiology - Part C: Toxicologyand Pharmacology, 147
(3),357-365.

Lee YM, Raisuddin S, Rhee JS, KiJS, Kim IC and Lee JS (2008) Modulatory effect of
environmental endocrine disruptorson N-rasoncogene expression in the hermaphroditic fish,
Kryptolebias marmoratus. Comparative Biochemistryand Physiology - Part C: Toxicology and
Pharmacology, 147 (3), 299-305.

Seo JS, Lee YM, Jung SO, Kim IC, Yoon YD and Lee JS (2006) Nonylphenol modulates expression of
androgenreceptorand estrogen receptor genes differently in gender types of the hermaphroditic
fish Rivulus marmoratus. Biochemical and Biophysical Research Communications, 346 (1),
213-223.

Lee YM, Seo JS, Kim IC, Yoon YD and Lee JS (2006) Endocrine disrupting chemicals (bisphenol A,
4-nonylphenol, 4-tert-octylphenol) modulate expression of two distinct cytochrome P450 aromatase
genes differently in gender types of the hermaphroditic fish Rivulus marmoratus. Biochemical and
Biophysical Research Communications, 345 (2), 894-903.

Kang IJ, Yokota H, Oshima'Y, Tsuruda Y, Oe T, Imada N, TadokoroH and Honjo T (2002) Effects of
bisphenolaon the reproduction of Japanese medaka (Oryzias latipes). Environmental Toxicology
and Chemistry, 21 (11), 2394-2400.

KamataR, Itoh K, Nakajima D, Kageyama S, Sawabe A, Terasaki M and Shiraishi F (2011) The
feasibility of using mosquitofish (Gambusia affinis) for detecting endocrine-disrupting chemicals in
the freshwaterenvironment. Environmental Toxicology and Chemistry, 30 (12), 2778-2785.

van den BeltK, Verheyen R and Witters H (2003) Comparison of vitellogenin responses in zebrafish
and rainbow trout followingexposure to environmental estrogens. Ecotoxicology and
Environmental Safety, 56 (2), 271-281.

Segner H, Navas JM, Schafers C and Wenzel A(2003) Potencies of estrogenic compounds in in vitro
screeningassays and in life cycle tests with zebrafish in vivo. Ecotoxicologyand Environmental
Safety, 54 (3), 315-322.

Kausch U, Alberti M, Haindl S, Budczies J and Hock B (2008) Biomarkers for exposure to
estrogenic compounds: Gene expression analysis in zebrafish (Danio rerio). Environmental
Toxicology, 23 (1), 15-24.

210



Cotter KA, Yershov A, Novillo Aand Callard GV (2013) Multiple structurally distinct ERalpha
mRNAVvariants in zebrafish are differentially expressed by tissue type, stage ofdevelopmentand
estrogenexposure. General and Comparative Endocrinology, 194, 217-229.

Kishida M, McLellan M, Miranda JA and Callard GV (2001) Estrogen and xenoestrogens
upregulate the brain aromatase isoform (P450aromB) and perturb markersof early development
in zebrafish (Danio rerio). Comparative Biochemistry and Physiology Part B: Biochemistry and
Molecular Biology, 129 (2-3), 261-268.

Shioda T and Wakabayashi M (2000) Effect of certain chemicals on the reproduction of medaka
(Oryzias latipes). Chemosphere, 40 (3), 239-243.

Chow WS, Chan WK and Chan KM (2013) Toxicity assessment and vitellogenin expressionin
zebrafish (Danio rerio) embryos and larvae acutely exposed to bisphenol A, endosulfan, heptachlor,
methoxychlor and tetrabromobisphenol A. Journal of Applied Toxicology, 33 (7), 670-678.

Schiller V, Zhang X, Hecker M, Schafers C, Fischer R and Fenske M (2014) Species-specific
considerations in using the fish embryo test as an alternative to identifyendocrine disruption.
Agquatic Toxicology, 155, 62-72.

Yamaguchi A, Ishibashi H, Kohra$S, Arizono K and Tominaga N (2005) Short-term effects of
endocrine-disruptingchemicals on the expression of estrogen-responsive genes in male medaka
(Oryzias latipes). Aguatic Toxicology, 72 (3), 239-249.

Wu T, Wang H, Qin F, Liu S, Li M, Xu P andWang Z (2012) Expression of zona pellucida B proteins
in juvenile rare minnow (Gobiocypris rarus) exposed to 17alpha-ethinylestradiol, 4-nonylphenol
and bisphenol A. Comparative Biochemistry and Physiology - Part C: Toxicology and Pharmacology,
155 (2), 259-268.

Mochida K, Ohkubo N, MatsubaraT, Ito K, Kakuno Aand Fujii K (2004) Effects of
endocrine-disruptingchemicals on expression of ubiquitin C-terminal hydrolase mRNAin testis

and brain of the Japanese commongoby. Aquatic Toxicology, 70 (2), 123-136.

Pastva SD, Villalobos SA, KannanK and Giesy JP (2001) Morphological effects of Bisphenol-Aon
the early life stages of medaka (Oryzias latipes). Chemosphere, 45 (4-5), 535-541.

211



Levy G, Lutz I, Kruger Aand Kloas W (2004) Bisphenol Ainduces feminization in Xenopus laevis
tadpoles. Environmental Research, 94 (1), 102-111.

Kloas W, Lutz | and Einspanier R (1999) Amphibians as a model to study endocrine disruptors: Il.
Estrogenic activity of environmental chemicals in vitro and in vivo. Science ofthe Total
Environment, 225 (1-2), 59-68.

Iwamuro S, Sakakibara M, Terao M, Ozawa A, Kurobe C, Shigeura T, Kato Mand Kikuyama S
(2003) Teratogenic and anti-metamorphic effects of bisphenol Aon embryonic and larval Xenopus
laevis. General and Comparative Endocrinology, 133 (2), 189-198.

Selcer KW and Verbanic JD (2014) Vitellogenin of the northernleopard frog (Rana pipiens):
Development of an ELISAassay and evaluation of inductionafterimmersion in xenobiotic
estrogens. Chemosphere, 112, 348-354.

Yang FX, Xu Y andWen S (2005) Endocrine-disrupting effects of nonylphenol, bisphenol A, and
p,p-DDE on Rana nigromaculatatadpoles. Bulletin of Environmental Contaminationand
Toxicology, 75 (6), 1168-1175.

Pickford DB, Hetheridge MJ, Caunter JE, Hall AT and Hutchinson TH (2003) Assessing chronic
toxicity of bisphenol Ato larvae of the African clawed frog (Xenopus laevis) in a flow-through
exposure system. Chemosphere, 53 (3), 223-235.

OehlmannJ, Schulte-Oehlmann U, Bachmann J, Oetken M, Lutz I, Kloas W and Ternes TA (2006)
Bisphenol Ainduces superfeminization in the ramshornsnail Marisa cornuarietis (Gastropoda:
Prosobranchia) at environmentally relevant concentrations. Environmental Health Perspectives,
114 (Supplement 1), 127-133.

Jobling S, Casey D, Rogers-Gray T, Oehlmann J, Schulte-Oehlmann U, Pawlowski S, Baunbeck T,
Turner AP and Tyler CR (2004) Comparative responses of molluscs and fish to environmental
estrogens and an estrogenic effluent. Aquatic Toxicology, 66 (2), 207-222.

OehlmannJ, Schulte-Oehlmann U, Tillmann M and Markert B (2000) Effects ofendocrine

disruptors on prosobranch snails (Mollusca: Gastropoda) in the laboratory. Part I: Bisphenol A and
octylphenol as xeno-estrogens. Ecotoxicology, 9 (6), 383-397.

212



Sieratowicz A, Stange D, Schulte-Oehlmann U and Oehlmann J (2011) Reproductive toxicity of
bisphenol Aand cadmium in Potamopyrgus antipodarum and modulation of bisphenol Aeffects by
different test temperature. Environmental Pollution, 159 (10), 2766-2774.

Schirling M, Bohlen A, Triebskorm R and Kohler HR (2006) Aninvertebrate embryo test with the
apple snail Marisa cornuarietisto assess effects of potential developmental and endocrine
disruptors. Chemosphere, 64 (10), 1730-1738.

Mihaich EM, Friederich U, Caspers N, Hall AT, Klecka GM, Dimond SS, Staples CA, Ortego LS and
Hentges SG (2009) Acute and chronic toxicity testing of bisphenol A with aquatic invertebrates and
plants. Ecotoxicology and Environmental Safety, 72 (5), 1392-1399.

Ortiz-Zarragoitia M and Cajaraville MP (2006) Biomarkers of exposure and reproduction-related
effects in mussels exposed to endocrine disruptors. Archives of Environmental Contaminationand
Toxicology, 50 (3), 361-369.

Teng C, Goodwin B, Shockley K, Xia M, Huang R, Norris J, Merrick BA, Jetten AM, Austin CP and
Tice RR (2013) Bisphenol A affects androgen receptor function via multiple mechanisms.
Chemico-Biological Interactions, 203 (3), 556-564.

Sohoni P and Sumpter JP (1998) Several environmental oestrogens are also anti-androgens.
Journal of Endocrinology, 158 (3), 327-339.

Jolly C, Katsiadaki I, Morris S, Le Belle N, Dufour S, Mayer I, Pottinger TG and Scott AP (2009)
Detection of the anti-androgenic effect of endocrine disrupting environmental contaminants using
in vivoand in vitro assays in the three-spined stickleback. Aquatic Toxicology, 92 (4), 228-239.

Xu LC, Sun H, Chen JF, Bian Q, Qian J, Song L and Wang XR (2005) Evaluation of androgen
receptor transcriptional activities of bisphenol A, octylphenol and nonylphenol in vitro. Toxicology,
216 (2-3),197-203.

Sun H, Xu LC, Chen JF, Song L and Wang XR (2006) Effect of bisphenol A, tetrachlorobisphenol A
and pentachlorophenol on the transcriptional activities of androgen receptor-mediated reporter
gene. Food and Chemical Toxicology, 44 (11), 1916-1921.

Lee HJ, Chattopadhyay S, Gong EY, Ahn RS and Lee K (2003) Antiandrogenic effects of bisphenol A
and nonylphenol onthe functionof androgen receptor. Toxicological Sciences, 75 (1), 40-46.

213



Ermler S, Scholze M, and Kortenkamp A (2010) The sensitivity of the MDA-kb2 cell in vitro assay in
detecting anti-androgenic chemicals--identification of sources of variability and estimation of
statistical power. Toxicology in Vitro, 24 (6), 1845-1853.

Roy P, Salminen H, Koskimies P, Simola J, Smeds A, Saukko P and Huhtaniemi IT (2004) Screening
of some anti-androgenic endocrine disruptors using a recombinant cell-based in vitro bioassay.
Journal of Steroid Biochemistry and Molecular Biology, 88 (2), 157-166.

Fang H, Tong W, Branham WS, Moland CL, Dial SL, Hong H, Xie Q, Perkins R, Owens W and
Sheehan DM (2003) Study of 202 natural, synthetic, and environmental chemicals for binding to
the androgenreceptor. Chemical Researchin Toxicology, 16 (10), 1338-1358.

Kim JY, Han EH, Kim HG, Oh KN, Kim SK, Lee KY and Jeong HG (2010) Bisphenol A-induced
aromatase activation is mediated by cyclooxygenase-2 up-regulation in rat testicular Leydig cells.
Toxicology Letters, 193 (2), 200-208.

Ghisari M and Bonefeld-Jorgensen EC (2005) Impact of environmental chemicals on the thyroid
hormone function in pituitary rat GH3 cells. Molecular and Cellular Endocrinology, 244 (1-2),
31-41.

Sheng ZG, Tang Y, Liu YX, Yuan Y, Zhao BQ, Chao XJ and Zhu BZ (2012) Low concentrations of
bisphenol a suppress thyroid hormone receptor transcription through a nongenomic mechanism.
Toxicology and Applied Pharmacology, 259 (1), 133-142.

Sun H, Shen OX, Wang XR, Zhou L, Zhen SQ and Chen XD (2009) Anti-thyroid hormone activity of
bisphenol A, tetrabromobisphenol A and tetrachlorobisphenol A in an improved reporter gene
assay. Toxicology in Vitro, 23 (5), 950-9%4.

Freitas J, Cano P, Craig-Veit C, Goodson ML, Furlow JD and Murk AJ (2011) Detection of thyroid
hormone receptor disruptors by a novel stable in vitro reporter gene assay. Toxicology in Vitro, 25
(1), 257-266.

Terasaki M, Kosaka K, Kunikane S, Makino M and Shiraishi F (2011) Assessment of thyroid

hormone activity of halogenated bisphenol A using a yeast two-hybrid assay. Chemosphere, 84 (10),
1527-1530.

214



Marchesini GR, Meulenberg E, Haasnoot W, Mizuguchi M and Irth H (2006) Biosensor recognition
of thyroid-disruptingchemicals usingtransport proteins. Analytical Chemistry, 78 (4), 1107-1114.

Moriyama K, Tagami T, Akamizu T, Usui T, Saijo M, Kanamoto N, Hataya Y, Shimatsu A, Kuzuya
H and Nakao K (2002) Thyroid hormone action is disrupted by bisphenol A as an antagonist.
Journal of Clinical Endocrinology and Metabolism, 87 (11), 5185-5190.

Ishihara A, Nishiyama N, Sugiyama S and Yamauchi K (2003) The effect of endocrine disrupting
chemicals on thyroid hormone binding to Japanese quail transthyretin and thyroid hormone
receptor. General and Comparative Endocrinology, 134 (1), 36-43.

Kim JY, Han EH, Kim HG, Oh KN, Kim SK, Lee KY and Jeong HG (2010) Bisphenol A-induced
aromatase activation is mediated by cyclooxygenase-2 up-regulation in rat testicular Leydig cells.
Toxicology Letters, 193 (2), 200-208.

Zhou W, Liu J, Liao L and Han S (2008) Effect of bisphenol A on steroid hormone production in rat
ovarian theca-interstitial and granulosa cells. Molecular and Cellular Endocrinology, 283 (1-2),
12-18.

Nikula H, Talonpoika T, Kaleva M and Toppari J (1999) Inhibition of hCG-stimulated
steroidogenesis in cultured mouse Leydig tumor cells by bisphenol A and octylphenols. Toxicology
and Applied Pharmacology, 157 (3), 166-173.

Ye L, Zhao B, Hu G, Chu Y and Ge RS (2011) Inhibition of human and rat testicular steroidogenic
enzyme activities by bisphenol A. Toxicology Letters, 207 (2), 137-142.

Dankers AC, Roelofs MJ, Piersma AH, Sweep FC, Russel FG, van den Berg M, van Duursen MB

and Masereeuw R (2013) Endocrine disruptors differentially target ATP-binding cassette
transporters in the blood-testis barrier and affect Leydig cell testosterone secretion in vitro.
Toxicological Sciences, 136 (2), 382-391.

Peretz J and Flaws JA (2013) Bisphenol A down-regulates rate-limiting Cyplial to acutely inhibit
steroidogenesis in cultured mouse antral follicles. Toxicology and Applied Pharmacology, 271 (2),
249-256.

Savchuk I, Soder O and Svechnikov K (2013) Mouse leydig cells with different androgen production
potential are resistant to estrogenic stimuli but responsive to bisphenol a which attenuates

215



testosterone metabolism. PLoSOne, 8 (8),e71722.

Zhang X, Chang H, Wiseman S, He Y, Higky E, Jones P, Wong CK, Al-Khedhairy A, Giesy JP and
Hecker M (2011) Bisphenol A disrupts steroidogenesis in human H295R cells. Toxicological
Sciences, 121 (2), 320-327.

Kwintkiewicz J, Nishi Y, Yanase T and Giudice LC (2010) Peroxisome proliferator-activated
receptor-gamma mediates bisphenol A inhibition of FSH-stimulated /GF~1, aromatase, and
estradiol in human granulosa cells. Environmental Health Perspectives, 118 (3), 400-406.

Murono EP, Derk RC and de Leon JH (2001) Differential effects of octylphenol, 17beta-estradiol,
endosulfan, or bisphenol A on the steroidogenic competence of cultured adult rat Leydig cells.
Reproductive Toxicology, 15 (5), 551-560.

Miyatake M, Miyagawa K, Mizuo K, Narita M and Suzuki T (2006) Dynamic changes in
dopaminergic neurotransmission induced by a low concentration of bisphenolA in neurones and
astrocytes. Journal of Neuroendocrinology, 18 (6), 434-444.

Tanabe N, Yoshino H, Kimoto T, Hojo Y, Ogiue-lkeda M, Shimohigashi Y and Kawato S (2012)
Nanomolar dose of bisphenol A rapidly modulates spinogenesis in adult hippocampal neurons.
Molecular and Cellular Endocrinology, 351 (2), 317-325.

Iwakura T, Iwafuchi M, Muraoka D, Yokosuka M, Shiga T, Watanabe C and OhtaniKaneko R
(2010) In vitro effects of bisphenol A on developing hypothalamic neurons. Toxicology, 272 (1-3),
52-58.

Nakazawa K and Ohno Y (2001) Modulation by estrogens and xenoestrogensof recombinant human
neuronal nicotinic receptors. European Journal of Pharmacology, 430 (2-3), 175-183.

Matsunaga H, Mizota K, Uchida H, Uchida T and Ueda H (2010) Endocrine disrupting chemicals
bind to a novel receptor, microtubule-associated protein 2, and positively and negatively regulate
dendritic outgrowth in hippocampal neurons. Journal of Neurochemistry, 114 (5), 1333-1343.

Watanabe H, Adachi R, Kusui K, Hirayama A, Kasahara T and Suzuki K (2003) Bisphenol A

significantly enhances the neutrophilic differentiation of promyelocytic HL-60 cells. International
Immunopharmacology, 3 (12), 1601-1608.

216



Nanjappa MK, Simon L and Akingbemi BT (2012) The industrial chemical bisphenol A (BPA)
interferes with proliferative activity and development of steroidogenic capacity in rat Leydig cells.
Biology of Reproduction, 86 (5), 135, 131-112.

Okada K, Imaoka S, Hashimot S, Hiroi T and Funae Y (2007) Over-expression of protein disulfide
isomerase reduces the release of growth hormone induced by bisphenol A and/or T3. Molecular and
Cellular Endocrinology, 278 (1-2), 44-51.

Hugo ER, Brandebourg TD, Woo JG, Loftus J, Alexander JW and Ben-Jonathan N (2008) Bisphenol

A at environmentally relevant doses inhibits adiponectin release from human adipose tissue
explants and adipocytes. Environmental Health Perspectives, 116 (12), 1642-1647.

217



