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Endocrine Disruption by Alkylphenols in Amphibians
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Abstract — Amphibian population declines globally. Aquatic contamination by organic pollutants
including endocrine disrupters has been suspected to the one of the reason for distinction of
amphibia which has obligate aquatic life style during larval period. Amphibians have been widely
accepted as animal model for the study of endocrine disruption in aquatic ecosystem at molecular
as well as individual levels. There are increasing need for toxicological data in amphibians at
multiple endpoints for management of contamination and development of safety guideline for
important EDs in aquatic media. Alkylphenols have been widely used in agricultural, industrial,
and housekeeping activities, contaminating the aquatic media and evoking endocrine disruption
in aquatic animals. In this review, we summarized data concerning the endocrine disruption by
alkylphenal organic pollutants on amphibians according to route, concentration, terms, and devel-
opmental stage of exposure together with mechanism of endocrine disruption.
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298 =E2FYSS AdeE 5He YETH
2 A} (biomarker) 2 42 4 9l (2 A 2003). AA|

o] A4 g b SellA] ol ~E = A (estrogen) 2} ZHAFA

3 2 2 (thyroid hormone; TH)2 o}efst f-AxpsE S =
Wwalar, A elde] 3§ Bl fAWEE T Fo
g s2Ro|th £33 oA ekt P A EAES
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24 (estrogen receptor, ER) ¢} A5 28310] o AE = A
A &as WY Aoz RnA 7)s
£ wstm AAbH el whe) A&z 3k} (Colborn
et al. 1992; McLachlan 2001). o] A~EZAA VjEu] A=}
o] 27 (xenoestrogen)>- 7NA2] AAA - Ao B
3h, AR A, WA 8, TS W3 A 7o) (Presutti et al.

1994; Kloas et al. 1999; Lutz and Kloas 1999; Mann and
Bidwell 2000, 2001; Mosconi et al. 2002; Bevan et al. 2003).

Invitro % invivoell Al BFekst A S Bated o &
=2A4 EDs) I3 vlwulA Wste 29T 4 e
7)&So] 7hitE gl Xenoestrogenell 2% 7o A=
A F2 BHEE FAAE] HHAHEZR, o] &5
AA= xenoestrogen :=22] biomarkerz o] £} (A <}
& 2000). AR ok w4 B Aol s el ol &
=2 24 9 invivo AFE F2 AR AA &
79 7rzA U s e A (vitellogenin, Vg) mRNA

a~ ol
Ex % VoA RS Ve s E43 et Vg
= 5] G elA A RE=ANL Sl 23 A

AtElr, oz Fu|Eo] i) st ¥ wx} gko

b 2 gk o] A} el FQl wjo}
9] oA ez o] gFk(Mommsen and Walsh 1988). ot
A Vg+alS biomarker2 o] g3}e] 434 W xenoe-
strogens] ©.99% A 4 Sl M FeINE ofze
7P &7 8] (Xenopus laevis), &7l 7] (Rana rugosa),
7} 72] (Rana temporaria), -5 7] 72 (Rana esculenta), 3}
47N 7-2] (Rana catesbeiana), % 7] 72| (Rana pipiens),
o3 A5 (Triturus carnifex ) thitez Hed or==2A
9 opoF3k xenoestrogenell & Vg = A o] 2ALE
21t} (Herbener et al. 1983; Herbener 1989; Palmer and Pal-
mer 1995; Mosconi et al. 2002; Bogi et al. 2003; van Wyk
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etal. 2003). v okl X. laevis®] 7= W Vg #swsts
E3) o A~EZAAS H7}3E invitro AdeA] 0.1nM ~
10uM 4=%2] 17B-estradiol (E2), 4-nonylphenol (NP), bis-
phenol-A (BPA): ol AE=AIgE 2= Aoz ekt
o o] Azh= invivoolH A7) E29h M s =E
A el B wZel] uhe ARt Aol mabsle
ol %) 8k} (Kloas et al. 1999). v oF= X. laevise] 7H| 25
o] 83} o2 oo A= NP, BPA, 4-tert-octyl phenol (OP)
= E2¢) n]s] z+7 0.005%, 0.008%, 0.002%<2] Vg w3l
2 532 Zt= 7oz B aE o (Mitsui et al. 2007).
w3t &7 2] (Rana nigromaculata) <l A BSA <%}t
NP:= 15~6027F 2ug L1, 20pug L1, 200ug L1 450
2 xZF A Vgshze] fxof wlE akaline phospha
tase &4 F7HA7IE Aoz BIuFH, 2 F=Ee
Al NP7} BSAMS a3pH oz fedhs 7oz vely
o} (Yang et al. 2005). =3k, =% Yol NP #]2|sta. R
esculenta +71& 377 &AW dF Vgs=Ert 5
7}slel o (Mosconi et al. 2002). 23y 47 X. laevis?]
2ol A 17p-estradiol & Vge] A Bu)E Z7HA1AA
1k, OP2}E NP invivoelA] 100ug gt week o] =F o
2 289 5ot =F A Vg f=ads zhA] kst (van
Wyk et al. 2003). ¢] 9} -FA}SHA] =% dlol] 1447 NP=
A2]g X laevis 7104 Vg W s} globs Bas)
ole} (Matsumura et al. 2005). o]&{8t ZA3}e] zfo]= OP
s} NPe] mleft o ~=2Al 4o 7]lsAt AaH
o M7 =e] FAZ AlmE A fHEl 3
TS Aoz W@u Al A 249w A] el
A P dF VoAl el SF B aEgloh (3 R
2001; 2 5 2002). = F=AF FF7) 2] (Bombina
orientalis)e| /] Vg mRNAE wlo| onpAZ 83} oA
EZAA Win AN ES] =2H7H7 el NES
(Al 5 2004). o] A|§Wel w=w NP2} BPA:= B.
orientalis =71 A2 7hellA Vg mRNAS =381
(Gye and Kim 2005; Kang et al. 2006). =3}, NP2} BPA:=
B. orientalis 171 4ol 4] aromatase activity =S 7144 7)
Aoz Wi eon (Leeetal 2010), o] 9]9] &=HAE 4
NFE oz dAAERI 2 oaEA BHS
2AVE A esket

B o2 at A wlol emA AR BHE FA}
sl= Hb o] 9lel| = estrogen responsive element (ERE)/
reporter gene e A ZFE o) L3 FHAZERE
FAle =2A3 A, ER A3 =8 =X 3= vy o
sqseeae) JrEzAgE 24 4 9ok ERE/
luciferase P& kst Al 252 o]-4-3) luciferase 4
& =x3%= invitro 43823 BPA, NP, OP = alkyl-

phenol 7+ 17B-estradiole]] ®]3] 1/2,500~ 1/5,000 & =
o] dxaEzAl S Z= Aoz gz (Wuetal
2008). %fA1 el A= Xenopus®] o AE=ZA 845 7}
WA A WA EY P AR BX8) o AEZAT AA
= A& A3 AIel|A BPA,NP,OP 22 178-
estradiol o] H]%H IC50 Zk #¥v] 1/1,000~ 1/10,000 A = 2]
rEzASed AFgBAS z2+=t) (Lutz and Kloas
1999). #‘41 2 =9 °Wv°ﬂ*1 By I =72
N AERAGA AFZAAES Tablele| A3t
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2] (ligand binding domain, LBD)¢l] -2 ﬂi}iﬂ% A g
o= vpon, 1 A e AR W Pz =E
testosterone®t} =2 7oz eyl BPA =3 ARY
LBDol| #132& zh=th(Wuetal. 2010). whe}A] o] & ot
sl wo] PHFAN AT $4 == 2G4eE
& 7}sAd o] A A=k R nigromaculata 53-8 2ug L4,
20ug L1, 200pug L1 4=3¢] BPA, NP, BPA+NPs]| 302
ZF 2298 u Je =wor] 7A = 539 testos
teronee] AAEE Aoz vehdh w577k weba
L 15U74A] = AE3HA| o]skg] o) 30U7HA] Z7)alet
} I o]& thA] 7rAskgYh(Yang et al. 2005). =31 R
esculenta 72 52 oA BPAd 357 =2A 7S
W 8% GHseE ) Z7)shlc) (Mosconi et al,
2002). X. laevis =71 /WAl NP2l OPE E-7}FAlslyd
< o] NP:= breeding gland @ 33 testosterone ¥ 3}ol]
oJgkg mx|x] R3}g] o, OPato| breeding glande] =
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Table 1. Eestrogenic or (anti)estrogenic effects of alkylphenols on amphibians

. . Exposure
Chemicals Species (Conc./Route/Stage/Duration) Effect References
Bisphenol A X. laevis 0.1uM/Liver cell culture/36 hrs Stimulating Vg expression (NP> BPA) Kloaset al. 1999

0.1uM/Tank/ Stage 38~ 40/12 weeks

1nM ~21mM/Liver cell cytosol/
24 hrsincubation

Increasing percentages of female phenotypes

Affinity ranking for estrogen receptor binding
compared to E2 was BPA > NP> OP

Lutz and Kloas 1999

Primary cultured hepatocytes 0.008% of E2 potency in Vg induction by ELISA  Mitsui et al. 2007
R. nigromaculata 2, 20, 200 g LY/ Tank/ Tadpole/30days Increase in alkaline phosphatase in tadpoles Yang et al. 2005
B. orientalis 1mg kgt day-YIPinj./Adult male/48 hrs Hepatic Vg mRNA induction Gye and Kim 2005
10mg kg-* adult/IP inj./Adult female/48hrs  Reducion of aromatase activity in ovary Leeetal. 2010
H. japonica 120 ug head-Y/IP inj./Adult female/24 hrs Inhibition abdominal water absorptioninfemale  Kohno et al. 2004
Nonylphenol  X. laevis 0.01uM/Liver cell culture/36 hrs Stimulation of Vg mRNA expression Kloaset al. 1999

0.1uM/Tank/ Tadpole/12 weeks
100ug g~ week-YIPinj./Adult male/4 weeks
10~100ug LY Tank/Adult male/14 days

Caused higher number of female phenotypes
No significant induction of Vg
No changein plasma Vg synthesis

van WKky et al. 2003
Matsumura et al. 2005

Primary cultured hepatocytes 0.005% of E2 potency in Vg induction by ELISA  Mitsui et al. 2007
R. nigromaculata 2, 20, 200 g LY/ Tank/ Tadpole/30days Increase in akaline phosphatase Yang et al. 2005
R. esculenta 0.1~ 100 nM/ Tank/Adult male/3weeks Plasma Vg induction Mosconi et al. 2002
B. orientalis 0.1mg kg~YIPinj./Adult male/48 hrs Induction of hepatic Vg mRNA Kang et al. 2006
10mg kgt adult/IP inj./Adult female/48hrs  Reduced aromatase activity in ovary Leeetal. 2010
Octylphenol  X. laevis 0.01uM/Tank/ Tadpole/12 weeks Showed feminization Kloaset al. 1999
100 g g~ week-Y/IPinj./Adult male/4weeks No significant induction of Vg van Wky et al. 2003
Primary cultured hepatocytes 0.0029% of E2 potency in Vginduction by ELISA  Mitsui et al. 2007
R. catesbeiana 1nM/Tank/Stage 32~ 36/24 hrs Accellerate sexual differentiation Mayer et al. 2003
Defect in sexul dimorphic expression of SF1
No effect on gonadal differentiation
Table 2. Androgenic or (anti)androgenic effects of alkylphenols on amphibians
Chemicals Species Exposure Effect References

(Conc./Route/Stage/Duration)

Bisphenol A X. laevis Computational study

0.1nM/Tank/Adult male/3weeks
Computational study

R. esculenta
R. catesbeiana

R. nigromaculata 2ug L-YTank/Tadpole/30days

Binding energy for ligand binding domain of AR was

0.97 fold of testosterone
Increased plasma androgen levels

Binding energy to ligand binding domain of AR was
0.8 fold of testosterone

No effect on plasma testosterone increased serum
testosterone level in combination of 2ug L NP

Wu et al. 2010

Mosconi et al. 2002
Wu et al. 2010

Yang et al. 2005

Nonylphenol  X. laevis 100ug g~ week-/IP inj./Adult male/4 weeks
Computationa study
R. catesbeiana  Computationa study

R. nigromaculata 2ug L-YTank/Tadpole/30days

No effect on breeding glands and plasma testosterone

Binding energy to ligand binding domain of AR was
1.24 fold of testosterone

Binding energy to ligand binding domain of AR was
1.14 fold of testosterone

Increased serum testosterone level

van Wyk et al. 2003
Wu et al. 2010

Wu et al. 2010

Yang et al. 2005

Octylphenol  X. laevis 100ug g~ week-Y/IP inj./Adult male/4weeks Decrease breeding glands no effect on plasma van Wyk et al. 2003
testosterone

detm el gaze] w3beh Aol 7l otz 'E{Ii%—' 2| Aol 2 Foll o3

T 2HFoEA PAF Had Aoz 5T AMF ML g o Mol Hof

s gleh 3 2 T FAFIA BaE P EFe

(Pr=ea B 7245 Tale2o] gelakalct. ED: PAF 40 st gt gfo) 3
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Ao} g z=rsy EDE Au g WsA7AE oA
g Qubgel AAA TS Asshe we, el sEea)
A 9 s ey EDE 404 274 43 A4

Aol =5 AL of7)3hc} (Kloaset al. 1999; Bogi
et al. 2002; Kloas 2002). o] o} frAlstAl Ad-#3 e F<t
E2v} dibutylphthalateo] 2% 47 R rugosac|A Hi&
A me gAE davdde] ofER fxgoh (Ohtani et
al. 2000). =3k §ALER| 7)o A zA| o] 2% R pipi-
ense} X. laevisol| A Ap-g-gA A4, | A3} 22 A4
Al o)Ake] ®a1E] 9]t} (Hayes et al. 20024).

AAelat SF1e 4G 2HlzolmsaE Yo 2
23 AgAibdel ogkg w|X|=d (Ikeda et al. 1994),
SF-1al Aol Aest Hele wskAzIch A st
A17]19] R. catesbeiana -4& OPell :=Z&A1Z] 7% 1nM
o) e o) JHse) A SHesilon] S
18] 4 o]y Wle] gols Ao} HEHe A
Aol = kel gt (Mayer etal. 2003). ®BH X,
laevis F-AolA OP:= Auls 2oz 7]eA sk
(Kloas et al. 1999). )£} $-A}3}A] ammonium perchlorate
(Goleman et al. 2002)o]] WHeja}d Z9F =% X laevis
M= FFle] M7 syl A=l on, B2, 4-
nonylphenol, bisphenol A, butylhydroxyanisol (Kloas et al.
1999; Goleman et al. 2002)¢]] =23 WA S AN =
2. ofEetalel] xZ¥ ATl THANA vl Ee]
Z7}3} (Hayes et al. 2002b, 2003), polychlorinated diben-
zofuranse} polychlorinated biphenyls(Reeder et al. 1998)
S.9A19 9] F5ehn) ) T2 (Acris crepitans) 7R A =2 A
B stel 2R A S Z7hrh R gl b Fell A E2
= 138 dAaxz oz w3kl (Chang and Witschi
1956). NPX invivog} invitroo|A] o AE 2 A 484 9}
Agste] ol mezAl Y-S Jehld B 3 53
X. lagvisol| A A 3te] g o] B =) (Kloasetal.
1999; Knudsen and Pottinger 1999). BPA= 471 X. laevis
9] oJAl3}= f-=3k} (Iwamuro et al. 2003).

UM FOM 2L =7 HEHAZHNEES

Ak obd] olslh 35 Helch FAlFelA
THe) 27k 27) BARAA 42 2718 32
7)of Melg A5k W THe) 2ot Wujsge o
AL A e AL P FAF Azl

u)-$- Faslet. kAR HelFHA F O A= meld
o] Zta ¥ SldeE|e] AR AxzA A3} 75
el A =7 AP AA B [ FA 9
Hej 2] 2 ozA B0 7H5stH, o] & o] 43k A
3" o] % OECD test guideline 231 (TG231) =4 27
% ¥} Q1= (OECD 2009). s 52 it sz
w7z 1) NS 2R fo] Fde trans
thyretinel] ©jgt A2 A3, 2) ZAA LA THe TR
ZAge] AAA A, 3) A dEHE- sk A A = (hy-
pothalamus-pituitary-thyroid axis, HPT axis)el] ©gF &3t
2wt So| a3r|zo 7 A A= glo}(Ishiharaet al.
2003; Yamauchi et al. 2003; Kaneko et al. 2008). w}2}A]
DA eFe] AN E2EA mREH BN A
WA AAE=E AsAD AA F BN WAY
Z Aol AFT APE AL 9 Bgel AT A7t
o] F-o]%| 31 gleh. OECD TG 2318] A% Fu| b4 7 -4
ol NEEAL 4 Aelgozm AA W 2AH 2
agaIs FAEE A etk (OECD 2009).
Wele 2As M E=E o) el
& 93 FElopAF o) melzA e
2] sted wioFstHA A3k CAinandysis7h 470 v
2lok (Hinther et al. 2010). =3}, 13 o] WHef H-2&
gt 3,5,3-triiodothyronine (T3), thyroxine(T4) xg] %
o me} pAAle] s=E 2] 7% $A ol bss, 2t
Alo] NE 2A e BAE B AN sEE
4 2 AA 75l dig A e] 7he3te (Christensen
et al. 2005; Opitz et al. 2006). 3 A 9] 7]% =2 W
el AAE FARE] HHA L glon, o]F o] 43t
AT Fe] v A zstast B e s
Aoz o A=) (Opitz et al. 2006; Zhang et al. 2006;
Opitz and Kloas 2010). Z = X. lagvisE o] &3+ & ol A
BPAZ} WejA]7] sHAle] A (intesting) 2] Rl ol o]
e T3ukg AR A8 A4S o 7o
w32 w}b ¢lo} (Heimeer et al. 2009). Tetrabromobisphe-
nol A (TBBPA):= BPAS] B E3}8-=42 H3AQ o~
ERAZAYE e 30 A £HEA dor
=4 A oot vl A ALAAAZ B FH o
9k} (Helleday et al. 1999). 721} TBBPAS} = dimetho-
xylated F-=4|7} & QA7) s AAEol A W
g] o™ (Watanabe et al. 1983), A= Zefaegly
2 A A BN 725 o) (Sellstrom and Jansson
1995). wh2ka] A}-§-3 €] (unbound form)2] TBBPAS] 3t
Af2l wE AEEH 7bsA ol A A= ie} (Herrmann
et al. 2003). R. rugosa Aol A Az 2R o7 F=
 nEEel ojd TBBPAS] &7} 2ALE S 50

e

—_—
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Table 3. Thyroid hormone antagonizing effect of alkylphenols on amphibians

) . Exposure
Chemicals Species (Conc/Route/Stage/Duration) Effect References
Bisphenol A X. laevis 10~ 100uM/ Tadpole tail culture/4 days Blocking of T3-inducible resorption of Iwamuro et al. 2003

10~ 25uM/Tank/Stage 52 tadpoles/21 days

0.83,2.1,9.5, 238, 100, 497 ug L% Tank/

Stage 43/Stage 45~ 66 tadpoles

0.1uM/Tadpoletail culture/5days

0.1uM/Tank/Premetamorphic tadpoles/

4days

R. nigromaculata 2, 20, 200 g LY/ Tank/ Tadpole/
15~ 60days

tail segments

Deceleration of both spontaneous and
T4-induced metamorphic changes
Suppression of TH receptor 8 in vivo and
invitro

No effect on developmental stage
distributions at exposure days 32 and 62,

or mean time to completion of metamorphosis,
and post-metamorphic sex ratio

Pickford et al. 2003

Inhibition of T3-induced tail resorption, Iwamuro et al. 2006

expression of TRa, TR mRNA

T3-induced intestinal remodeling,
antagonized the regulation of most
T3-response genes

Heimeier et al. 2009

Decrease in total T4 in tadpoles, but
not significant

Yang et al. 2005

Tetrabromobisphenol  R. rugosa
A (TBBPA)

0.01~ 1uM/Tank/Stage X tadpoles/9 days

Suppressive action on 0.05uM T3 Kitamura et al. 2005

enhancement of tail shortening

Nonylphenol R. catesbeiana

234, 468, 936 ug L%/ Tank/ Tadpole/ 7 days

Inhibitory effect on the rate of metamorphic  Christensen et al. 2005

progression and tail resorption

R. nigromaculata 2, 20, 200ug LY/ Tank/ Tadpole/15~60days Decreasein T4 in tadpoles but not significant Yang et al. 2005

B. orientalis

1uM/Tank/Premetamorphic tadpoles/7days  Inhibition of exogenous T3-induced

Park et al. 2010
tail resorption
No changeintotal T3 and T4

Octylphenol R. pipiens

0.01, 10nM/Tank/Stage 25 tadpoles/Stage 34  No changein T3 in stages 29 and 34 tadpoles  Croteau et al. 2009

Decrease in deiodinase type 2 (D2;
TH activator) or increase in deiodinase
type 3(D3; TH inactivator) mRNA

nMe] T3 A2 Al FAIAM Hels fEste] mel7t A
A ZreAlEd 0.01~1uMe] TBBPA ©t5A2] A] me]
9= &312 7bx] 9kekoi} TBBPA (0.01~1uM)e] T3
(50nM)E HE3S o T3el| o3 =% e AF52t
o2 A& e] AA3] FaEE Aoz el (Kitamura
etal. 2005). o|= TBBPA7} Z}A 52 2o Z8kA = 2t
g3te] mel Szl 3 T3¢) Hg-& AP v
t}. ojulell = e A A]7] (premetamophic stage) X. laevis
2 ¥ chegt o)A R 414 BPA, NP, OP %5
e Whg Adss Aoz 2 geiA Ao (Iwamuro et
al. 2003, 2006; Christensen et al. 2005; Yang et al. 2005;
Croteau et al. 2009). ZUjol|r= EZFAF<el B. orien-
talis Aol Al NP= THE| 2-8-8 A)ste] WelE A4
A7) Aoz 2= vk (Pak et al. 2010). GFA ol A
By s A 2R adlel A A7
AIE=S Table3el| A3}l

AMFAMN L=

AFES FARE AR ow Aralng Bal S
& Fhshed $7o) 9uch o el Fath o
vasotocin(VT)el] 2]3] &3= Tsz} mesotocm(MT)TL_—
77t ol ol masts e HreP mi oiE
A En g B o] kA F FEEFTe A3
A 28 wX e mde A A YA vt Japanese
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