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Review

Developmental Toxicity of Alkylphenols in Amphibians: A Review. Park, Chan Jin, Hae Sun
Ahn, Hyo Min Ahn and Myung Chan Gye* (Department of Life Science and Institute for
Natural Sciences, Hanyang University, Seoul 133-791, Korea)

Aquatic contamination by organie pollutants has been a suspected reason for rapid
decrease of amphibian populations whose embryonic and larval stages are in an
aquatic environment. Amphibian embryos can be a useful model to study the ecocto-
xicologial impacts of aquatic pollutants. The obtained toxicological data are useful
references for the management of aquatic pollutants in public health because amphib-
ia share many developmental events with terrestrial vertebrates including humans.
Safety guidelines for the toxicological effects of aquatic contaminants of chemicals
identified as hazardous should be addressed at multiple endpoints. Alkylphenols have
been widely-used in agricultural, industrial, and household activities; they contam-
inate and can persist in aquatic environments. Exposure to alkylphenols results in
endocrine disruption in aquatic animals. In this review, we summarize the develop-
mental toxicities of alkylphenols in amphibian embryos and larva according to the
exposure route, chemical concentration, duration of exposure, and affected develop-
mental stage together with mechanisms of toxicity and typical patterns of develop-
mental abnormality. The merits of amphibian embryos as a toxicity test model for
mid- to long-term exposure to aquatic pollutants are discussed proposed.
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bryo Teratogenesis Assay-Xenopus (FETAX)7} 7= )
o} o) AlPHe B5tEd @ B3R 54 Hole
= Ay e olxe|yplE7| 78] (Xenopus laevis) E )
A wfolel] Al BAE 96417 AT F wkg=X|Al
%% (LCyy; Median Lethal Concentration), 7|3 44§
o) ZHE vkp-g-E 5 (ECsy; Median Effective Concen-
tration)& AHE3sled o] & Ea) 7] AIX]4=(TI; Terato-
genicity Index)E AME3}31 FHAAAAH = (MCIG;
Minimum Concentration to Inhibit Growth)Z A Al3}=
218 o] = (ASTM; American Society For Testing Ma-
terials, 1993).

28] A Aol 24 (Endocrine Disrupting Chemical,
EDCs)2- ABA WHe] 3220] 248 wsle] dfof
g SAaNE YIS HT EDCse o] AT A
F 749 el F ixz A EdE3 9)v}(Blaustein
and Wake, 1995; Carey and Bryant, 1995; Houlahan et
al., 2000). &9 =F 3}3E-(alkylphenols; APs)2 &
]l EDCs2A] o] &o] FA 72| Aol vjAe gk
ojeFsl & 23] 2AF9cH(Mann and Bidwell, 2000;
Sone et al., 2004; Hogan et al., 2006; Park et al., 2010).
s ef AFELS MF vioke] AE, slaua, A
4, 71088 Soll A3 A Hlew A glon,
2 549 7= 9 A A EE B2 wje} zje)r}
ek EDCst= 870 Ah7sle, M F8 |28 oo
& PAAES] S 3F F S Q7] &) o]E 3}
e A AESAES A3 HYrlsim o) EAY
A B ARGl gt HE7)E AR ARk
AL FrgAe] BES Fed vl Fesd 2 43
AME HAZEA S48 FoFst FMF wlel5AFs) o
TFARE FAELA o8 ko I BRYMFE o
43 ST B4E RS X F2 e
F e MR EAsAY d7RiEE EAsgen,
A =77} dlreaAd {213 B2 wds 7
7] wgell AAN2E2AY wjopLAEAC] A=
ZAs e

TEALZE S ZHM

APs®] FAF wiotel] W3 WYEA dF4d EME
%}3] NCBI (National Center for Biotechnology Informa-
tion), Pubmed (www.nebi.nlm.nih.gov/PubMed), NDSL
(National Discovery for Science Leaders; www.ndsl.kr)
£ 33 A22 259G A2+l A48 A=

otE M - AlHE

‘Amphibia (37, ‘Frog (] +2)), ‘Urodela CinalE- P
‘Anura (F1) &), ‘Embryo (¥] o}y, ‘Alkylphenol (7 =)
=), ‘Bisphenol (¥]2#) &), ‘Nonylphenol (=25 %),
‘Octylphenocl (€%, ‘Toxicity (54), Malformation
(718Y, ‘Estrogenic (B2 AALY, ‘Survival (J&Y, De-
velopment (#4)), FETAX 5-& vofslA z¥sted A}
43t o] 8 B8 WAsFol 2T GAMF wiobiA
EAARE Agshe =9 2499 =Fo] FAAFHY I,
FoEEe AR gareh ol2el AT kg ol¢
B SHNYS B APH D 2 PR AR
A s g8 Y] B8 F7k2 F=35% 0 (Gosner,
1960; Nieuwkoop and Faber, 1967; ASTM, 1993). 7] €3}
FHEL 1993~20115974K1 8] A+A AL W) F
A9 &85 17B-estradiol (E2)& %83l bisphenol A
(BPA), nonylphenol (NP), nonoylphenol ethoxylate (NPE),
octylphenol (OP) 5- 57[A|¢i}. A¥FHF £ £+ X
laevisE EF3le] 5502 o|EdA ephd WAFA
A8E A5t (Table 1).

1. Bisphenol A

22 F 490) A7 ¥ Nieuwkoop Faber stage (NF
stage) 43~45 X. laevis §-A<] BPAE S50 2 90Y
7t =2/ A7 EAAAGANA fAY gl g 3
#ejokiw (LOEC; Lowest Observed Effect Concentra-
tion)= >0.5mg L}, 335 (NOEC; No Observed
Effect Concentration)®= 0.5 mg L71¢ o}, §A2] A3}
A cdskg vXA] g Aoz Fl= e}t (Pickford et
al., 2003). X. loevis ¥jo}& o] &3] BPA%H E2¢ WA=
g vag dTelre 10 uMe] BPAY: wfole] A&
2 713 folg JaFE PAA| ZEAAT Y%
=9 E2& ASV|HEE fUstd T55E e 49
vlgo] foJ3HA F7I8ledth BPAY ¥od & ¥
 25uM Azl Al 713 A ge] foEHA Stk A
oz Jelygth(Iwamuro et ol., 2003). X. laevis ¥ o}E
4 F 3~96A17F F<t HFst F=2 BPA Y E29|
EEAZE W 20uM o]t} BPAS} E2% wjole] Abd
9 7)EAE s Aoz Felsglow, BPARte]
Aol dAE Asstalel. ARAAAPE 7152 3~484
Ztll A BPAE Asle W A%, 535, 5,
2o v nY 5& vRs AoldRe] At 7}
A w2 ulez IR 12~604]7} 24~T724]7F,
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Table 1. Summary of the effects of alkylphenols on amphibian embryo development.
. . Exposure (Conc.?/
Chemicals Species Route/Stage/Duration) Effects References
0.83, 2.1, 9.5, 23.8, 100, No effect on survival, growth, developmental Pickford ef al
497 ug L Y/ Water/Stage 43/ stage distributions at exposure days 32 and 62, 2003 ?
Stage 45~ 66 tadpoles or mean time to completion of metamorphosis
25~30 uM/Water/ Malformation of the head region, curved Iwamuro et al.,
« Stage 7 embryos/72 h vertebrate, and suppression of organogenesis 2003
= Crooked vertebrae and developmental
2
g X. laevis 20 uM/Water/Stage 6/ defects of the head and abdomen apoptosis Oka et al., 2003
< Stage 40 . . .
) in brain and spinal cord
A 20 uM/Water/Embryo/4 days Teratogenic effect, growth inhibition Sone ef al., 2004
50 or 100 uM/Water/ Pecrgaseiiexp;e;sSJ:I;c:’nl;iiﬁr?rEgeEcSei{gral Imaoka et al.,
Stage 10.5/Stage 28 10 a cose-dependen 2007
nervous system and eyes
10 uM/Water/ .. . . Babaet al.,
Stage 10.5/Stage 45 Coliosis, eye dysplasia, and loss of pigments 2009
10 uM/dead
1 uM/croocked backs, kinked tails, poorly
0.1~ 10 WM/ Water/ f‘iev'eloped somltf;.:s and dorsal fins, and Bevan et al.,
embryos/48 h chicken-beaked” cement glands 2003
Y 100 nM ~ 5 uM/significant differences in
X laevis the numbers and the patterning of neural
= crest-derived melanocytes in embryos
é 20 pM/Water/Embryo/4 days Teratogenic effect Sone et al., 2004
=
= 5 uM/Primary culture/ . . g pees Bevan et al.,
é neural plate cell/36 h NGF-induced neurite outgrowth inhibition 2006

B. orientalis

0.1 uM/Water/

2-cell embryos/24 days

Inhibition of melanocyte expansion in
tadpoles

0.1 uM/Water/

2-cell embryos/7~9 days

Growth inhibition

1 uM/Water/

2-cell embryos/10 days

Decreased survival rate of tadpoles
96 h LC50"0.24 mg I.l“l

Park et al., 2010

Nonoylphenol
ethoxylate

X. laevis

0.1~10mg L Y/Water/
Blastula/NF stage 46

96 h LC50'3.6"‘ 5.7 mg L‘l
96 h LCyp-2.4~4.7mg L,!
MCIG-1.0~3.0mg L™

L. adelaidensis

0.1~10mg LY
Water/Blastula/
Gosner stage 24

140 h Lng'g.l“’9.4 mg L-]
140 h LCy-8.7~89mg L™?
MCIG-2.0~6.0mg L™?

C. insignifera

0.1~10mg L Y/Watex/
Blastula/Gosner stage 24

134 h LCy-6.1~6.6 mg L7t
134 h L50'4.2"“4.9 mg L-l
MCIG-4.0mg L!

Mann and
Bidwell, 2000

500 nM/Water/Stage 10.5/

Decreases body length increased

'é X laevis Stage 37 percent of embryos with dorsal curvature Bevan et al.,

2 1 uM/Water/Stage 10.5/ . . 2003

= Decrease of embryonic survival rate

= Stage 37

[

o " 0.25 uM/Water/Stage 36/ . Hoganet al.,
R. pipiens 2 weeks Decreased survival rate of tadpoles 9006

*Concentrations

Presented data were collected from Pubmed (http://www.ncbi.nlm.nih.gov/PubMed).
As a key word, (amphibia, frog, urodela, or anura} and (alkylphenol, bisphenol, nonylphenol, or octylphenol} and {toxicity, malformation,
estrogenic, survival, development, embryo, or FETAX) were used for survey.
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36~844)k, 48~964]7kel] Z3 BPA Al elA <
2 71 e dFE nAA ?z;&‘:} whd, B2 e
AZkell dRglel gk 718E fiske Zes #

%1t} (Sone et al., 2004). o}]2)3F A7}z 2E] BPAS] o3
FEEE FMF o] WA/ E2 xEvh= 1 ¥l
7% A717h ShEE @ 4 9ok B4 BPAS) A

F ol MATHfE &) daezAe] FAW A
3 AR AR FAEA] gAEl el wIRE A
77} H=me B2ske ohE WA AR g o
e Aoz Amgs

X. laevis AR %o BPAS =27l ©h& o 7oA
40~100 uM®] BPAx: i3t wols ApdAlzle
Aoz Felsiglen, 20 uMe] BPA: wlole] 41733
Azl Bl REet fAe] w3 9 TR e o4
€ fsigch TUNELA S-S E3] 20uMe] BPAYL &
FA7M z2] M ZAH apoptosis) & fEske Zlo] g4l
HHom, A 34744 FAe] HaHEe HAe=
velstch. 22y B2 A2 A ol2iat dAbe] AR ¢
o} BPA¢]| 2J3} 34144 &AL A=A E7}
obd Aoz A5 A (Oka et al., 2003).

X. laevisol A BPA k3ol whE wjele] 7]3)-gwiat 3
A A B B AT Z 3 BPAE 50, 100 MO8
AP W o ey Fo x4l Pax-69
EH-EES A4 E3} 24 F2xel ESR-1 mRNA
o] Wi eko] AE]¥l BPA 3= 2|EZ oz ZHaslelon,
in situ £4oA BPAXE]ol] o8 FFAAA L} FolA
ol fAAe] el ZAHA kvl (Imaoka et al.,
2007). o]} A8 AFAFH=zA 10~20 uMe] BPAY}
X. laevis Wlok A F BFZ, = WY Aol A o)y
& Eslgdet 53], 417 (neurula)shAlel BPAS)
=29 AL 73R dsrt 343 e Hes
#FHE P en, BPAS] g AARwelAM 3t 5% ¥
Aol o3} pax6, sox2, FoxD3 mRNA 3! Notch 415

o] W3-8l <1zl ESR-1 mRNAS] "Hd o] ZH4abgic).

oHq WS BPAZ Notch 284714 2F e
2] Notch 4~8£4)2] S3 cleavage site?] 2&o) Fois)=
Y-secretase®] A-& A3FA|7] Ao] Ylow wralzc)
(Baba et al., 2009). Notch A1 3492 Z7jujoldry 3

oAl Al7de) <Ale] A4t 47 3 (neural crest)¥-3
gl Zu) % (mesoderm) 3 A& 2Asl= Aoz duld 9]
o] (Kuriyama et al., 2003; Watanabe ef al., 2006), V-
secretase®] A= A173ue] A 232 s
@ 4= 9Jv}. =3}, BPA(2 phenol group, 2 methly group)
$-AH&-3 9l bisphenol E (2 phenol group, 1 methly group),

ot Rl - HHE

bishpenol F (2 phenol group, no methly group), dimethyl-
bisphenol A (DMBPA; 2 phenol group, 2 methly group)
£ x2)3 23} DMBPARFe] BPA$} Zto] v-secretase?]
A& A7 Aoz veht BPA2] Notch 434
AA wdoz A3 FMF wetd] 713 WAL Hw
7o) 2t el 2e2 A4 137} ohel BPAZL ke 27
o] wE7lel &g ddde] #F<l=3ich(Baba et al,
2009). BPA2] A17ull AL & A i3t oA &3
= A ok Fel sl F2) (Bombina orientalis) S
o] 48t A7 FlE o] <j2jd &= X laevis B
b oohe} thofgt A el FEE Aoz Alsdn
(Fig. 1A, D).

2. Nonylphenol

X loevis v o} $3 5 3~96A417F B¢} thoksl »x
Poll =217 & o 10uM °]/}e] NP+ wie}s] 7]
S kgl en, 20 uM o|Ak2] NP wole] X
a3 30uM o] 2] NP wjole] AbHE
Aot w3 A7 Ayo g AFFI BE
2+ 718 AAY 2ulsrs AN TIEe
24~2A| 74l A3 NPE Aajslde v 7P =& 4l
2 Zglom, 440 WS 4 9 Ao 7
T ARNAAIA 71Fo8 48~964]71e] HA NPE
e o 7 Hez Zdsiodct =3 vAA
Aoz mql AL e JfAlY] s 248447
ol A NPE Xz3l& 9 7} 7 vebtth(Sone
et al., 2004). ©] ZAolA] NP3 BPA<| nla] vj=* E2
o fA1EE 718 S AEE Jehlle Ao AlsEH,
53] fAA WSS sk A4S NP E29)
ul-$- FARE '€ vEepivhe e 9 4 ok NP
2]gk wjole] Abd gl 7]53‘%/%3% v 2g fAe] s]5a
A W3te] gk dFaA A F 11/‘17 o] 73 NF
stage 10.5 X. laevis ¥} o}el] NPE 48A]7Hs¢t 22 4], 5
e A
8l 1 uM NP Ha)ZelA AAg 740t 3asge
0.1uM NP Hel) Bo] HelAe Fehel A5 WA
¢l Wkl A E (melanocyte)”} 278l ch 18y} ER
Z8kA|l ICT 182,780% §Alol Aelslel-& w NPl 2|
3 friE Bl 3 713 v depdAlz 29
wlwrh Zasidn) el NP 7348 &ads o
EZA FAIAM 71903 Aoz AHEGH (Bevan et
al., 2003). X. laevis vjjo}2] X177 (neural plate)ollA] &
A3t A ZZ 13} wiefstel 2173434 <A (neurotrophin)
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Normal Abnormal

Fig. 1. Developmental abnormality in B. orientalis embryos and tadpoles following alkylphenol exposure. A. Neural crest
deformation at neurula stage by bisphenol A (BPA). Arrow indicates an unfolded neural crest. B. Insufficient
development of melanocytes in tadpoles exposed to nonylphenol (NP). Dotted boxes indicate the melanocytes in the
skin covering the operculum. C. Deformation of melanocytes in the tail skin following NP exposure. Arrowheads
indicate abnormal melanocytes that are defective in melanosome dispersion. D. Abnormal eye development in
BPA-treated tadpoles. Arrowheads indicate abnormally shortened distance between eyes. E. Ventral blister in a
NP-treated tadpole (arrow}. F. Microcephaly (arrow) and curved body (arrowheads) in a NP-exposed tadpole.
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2l nerve growth factor (NGF)E x2)3ld XAE7] (neu-
rite)?] 44& =3k 5uM NPE A &gt 79l 364
Zh ek Al AAEZS] gl folFA Faske AR
o2 vyt o2t A FUB = E28 A
A& oz FA=gl o} ER Z3kA| el ICI 182,780 3
22 Qg Yo FAEA ¢skor, G proteing HH-
sl 4lsAd AR} pertussius toxin (PTX)HE] A
NPel| 23t 217 E71¢] JA7t4rt 31850] NP7} 7]&
of 33l & gl EA)F= ER ¥3 ope} Al®et
E AlzAed A3 ERel= 243 75l des
BojFglcd (Bevan et al., 2006). Zol] AJAl3l= okxE
2 YAtez 3 AF2A B. orientalisE 043 NP2]
=57}y A} wiotel] w3k NP2) 96417} LCsp 0.24
mg L2 ElEglom, 0.1uMNPE 489 44 ¢ 2
ghd Mz gAg Alshe Aoz vieldo) (Park et
al., 2010) (Fig. 1B, C). mkehA] o3t &o= X laevis B
gt ofue} Hekat kMol 32 dAdo=s Aladd.

FETAXE o] 83 dFelx] NPEQ]| °fAF el o
g LCs2 X. laevisoll A 3.6~5.7mg L (96 hr), 350
A28l 9kAF9l slender tree frog (Litoria adelaiden-
sis)9} sign-bearing froglet (Crinia insignifera)|A] 27+
9.1~9.4mg L1 (140hr), 6.1~6.6 mg L1 (134 hr)2 <)
Helem, ECse X laevisol| 4] 2.4~4.7 mg L™1(96 hr),
L. adelaidensisol|~] 8.7~89mg L.t (140 hr), C. insigni-
feradll A 4.2~49mg L1 (134 hr)3 Veldo) =3t MCIG
= X laeviso|A 1.0~3.0mg L, L. adelaidensiss} A}
2.0~6.0mg L'}, C. insigniferas|] 4.0 mg L2 Jeh}
AT Foll W 54 WU3kE] Aol 9LE HiF
¢1v}(Mann and Bidwell, 2000). NPE7} A8 02 o}
X Agral®600 (60% NPE)3}+ GN8&(100% NPE)® B35
o] AREHE FRANE MR A A 54E& A
3t A3} Agral®6002] 48A17F ECs& C. insignifera,
X laevis, cane toad (Bufo marinus)o|Ax 22+ 2.5~3.0
mg L1 10~14mg L7, 27~30mg L2 Jehjon
GN89| 48417} ECy2 C. insignifera, X. laevis, B. ma-
rinusol| Al 7247t 2.6~29mg L™, 09~1.2mg L, 2.0~
4.0mg L'2 et FETAXE o] 43 vlolsA A
o] FAo da SAEMM = NPEe] 3t A4
ZF%3= X laevis?} ¥4 2 Aoz ¥ (Mann
and Bidwell, 2001).

3. Octylphenol

=
i

PAFE o83 OPS] AR et A7

&

otg gl - AlgH

I =7 A vjF BEF Ho|th X laevisE
0]-48 «FollA NF stage 10.5 vjo}o] OPE x&]5}o
NF stage 377}%] w]e} A] 500nM o]Ae] OP% wujo}e]
Aol A d WFEE FUIA =3, 1uM o4
2] OP: wjole] AEE-E Hofspl ZHar7lE Aoz
FaEo] OP €A) NP, BPAS} wit7kAl 2 wjole] A& 9
A dg 54& 2 Aoz FH(Bevan
et al., 2003). t}2 Fujok {2 o] 48t dF2A] 27 stage
28, 36 (Gosner, 1960)%-E] 257t OP9] =33% northern
leopard frog (Rana pipiens) 8ol 4 LCs;2 1.36, 2.8
M2 Jeltow, o] 557, >10uM9) LGy vel
J E2 Mejzed 2g A SAETHE RARsH =
3}, stage 262] wood frog (Rana sylvatica)$} R. pipiens
A& 237 OPoll =FAIAE 9 2l & LCypd 77
0.74, 1.42 uM2M R. sylvatica?} OP2] FASAle] o
77 Aoz Jehgde) 2t 0.25~1 uM (stage 36 R.
pipiens), 2.5 uM (stage 26 R. sylvatica)?] OP¥ §-A4]
FA% 271071 ase Jephgird 2rss B2 4
HIAME fAE 237t e Aoz FAHNAH
(Hogan et al., 20086).

4. Estrogen

E2%: AdA Aoz PAHE Js2EoR
ul-$- FEgt WEe| g e o E2x =48
298 &8RN 3=z AEHT g Raet al,
2011). o] JFEAR Gol| A A A 71918 E27} A
328 AA nA AREA] G A g4 =z
4G, AR SAES G 7Y ExolA
71493 E28 FAE I olvt M F BASA ) A7
of E2% X laevis®] Z7|vote] Abdat 2287 ol g
sl on, o aE2 A 84 A vlol] ok U
A sy ARH Aoz vfelyte). NF stage 3 wfof
o] 0.1nM~10uM2] E2E Az A 10uM E2 X2
A ufjo} AJEEo] NF stage 27 o] FollA] Aoz 7h
4319 7 NF stage 429} 320 =F APE3c) =31 10
uM E2& #2]3l w]o}l= NF stage 38¢] 39L& =
gt 7] Aye] Aozl FEFGIH. o=d JF A
o] daE2A $44 mRNA 2R £3 E2 X
whe}l ¥ 3}sksd o} (Nishimura et al., 1997). o]} H-AFs}A)
X. laevis vjo}l2 47 & 3~96A17F E1t hekil w9
E20] xZA1Z F 2784 vX e 93k A8
# 10 uM ojAte] E2% wiole] 7|3tA& fibehe
o2 FlEglont wiope] AEE L AL HeAA

T
2 5 md



F oJdFe vAA] odskel =3k, 9 Fxo] E2
20 uM)E Zt7] o2 Al HeElslg e o gt

= 7)3siEe At DA B 7)) w2 Mzt
X7} AolatA vebgel &FE, EE, B, Ao wA
A mele 77}k 48~96, 12~60, 3~72, 3~96A]7F A]
9ol ZA B2l =ZFE o 2 28 w=s} 7}

Zb =7 v}eldt} (Sone et al., 2004).

5. 424w 3FES) SV v

A 77L FAFE wepiAel] wlA & g 2 B
AW zaAs g oofilt T AANEL Jter A3
shoiet (Fig. 2). &4l A =F=24 BPA, NP, OP
AR slobe) 27, 7|3, A, ) BEs, A
A Fo] g vA= Aoz TelHgch APss)
2= I 4.__‘1 “H"}-/] ;\], g] ‘ﬂ':" cu%i/ﬂ xl—oﬂ
nz = zsg A Aol =2 °ﬂls}—— Aoz Felxgdx]qt
APs Sold o2 b woksl ARE s Aoz
FAHANT ol FMF wloledl E25 Az Al wiele]
R A5 ulAA e AT o2 o|ch(Sone et
al., 2004). 18} R. sylvatica o}l 93 OP%} E2
97k $49 FAS FA7E Aoz eht ek

=
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W
nz
0=
Jn
ox

o

o Hhat APs % E29] °J3ke] digt A =3l A7t
3}c} (Hogan et al., 2006). ©¥]2-0] OP7} Zt= kM FH
BY5H ae vwd olsed ool g 07
79 977} ded Aes Amds BAAA 1L
Gt A7AAEE ¥E PBIERE PIF 2
o WA F A2E2AG FA UG e

oz AmEs, AR AGNA A2E2A S8

Agshe Aoz s SRt e wAE A

o2 3Falx gt (Bevan et al., 2003; Sone et al., 2004,

2006; Hogan ef al., 2006). 121} #¢] BPAe] & &
AT GAAEF G SYAYZ] AH
2 olmEeAl AP FsA) g e A =
F9l¥ 9 (Oka et al., 2003; Baba et al., 2009). BPA%}
NPS| F WASA AE wmsuw BPA) w3
NPS) S45g F40) zEzAe] S4EA0% &
e % % Sch. w3, BPASH NP %171 ujo} 4
A= Alel7l glew, BPAY NPRT: 27) WATA
g m|A= Z& od 4 U (Sone et al., 2004). o]
NPS} BPA 25 dl2E2dl SAMle 27] B 2]
W 5719 ol Bl ke wlAXIE BPAS] A5

L::mﬂo}.‘

lN—n—' FO

7|u

o:_-,rkﬂ,n

ﬂllm sl N H

o] 1 FaF2A EXoz ol dAEzAe] e
e 5P oz E27) MR

dape] WA He 27]

Fig. 2. Summary of developmental toxicity of alkylphenols and estrogen in amphibian embryos.
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