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4-nonylphenol

Joong-Kyun Jeon*, Ji-Seon Lee, Young-Chang Sohn, Won Joon Shim?,
Jee-Hyun Jeung?, Gyong-Pyo Hong', Pyong-Kih Kim? and Chang-Hee Han?

Kangnung Nat'l Univ./ EMBRC, Gangneung 210-702, Korea
1Korea Ocean Res. & Develp. Inst., Ansan 425-170, Korea
’Dong-Eui Univ., Busan 614-714, Korea
3Gangwon Provincial Univ., Gangneung 210-804, Korea

Abstract - Nonyphenol (NP) used actively as non-ionic surfactant is classified as one
of most potent endocrine disrupting chemicals. Effects of NP on mixed function
oxygenase (MFO) system in rockfish (Sebastes schlegeli) were investigated for seven
days after intraperitoneal injection (10 and 25 mg kg !). Hepatosomatic index (HSI) of
fishes exposed to NP of 25 mg kg ' was significantly reduced compared to those in
control group. NP exposure enhanced cytochrome P450 levels in the fish liver, while 7-
ethoxyresorufin-O-deethylase (EROD) activity was inhibited. NP exposure levels in
this study were much higher than those found in the coastal environment of Korea.
Effects on HSI and liver MFO system, which is involved in steroid hormone metab-
olism, imply that NP may influence on reproduction of fish by not only hormone recep-
tor mediated response but also through effects on the MFO system.
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Fig. 1. Time course of changes in hepatosomatic index
(HSI) in rockfish (Sebastes schlegeli), with expo-
sure to NP (10 and 25 mg kg™ bw). A same super-
script in same exposure group are not significantly
different (p>0.05). Each value is the mean for nine
animals+S.D.
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Fig. 2. Time course of changes in CYP level of the hepatic
microsome in rockfish (Sebastes schlegeli), with ex-
posure to NP (10 and 25 mg kg™! bw). A same
superscript in same exposure group are not signi-
ficantly different (p>0.05), and * P<0.05 compar-
ed with the rockfish treated with DMSO (sham).
Each value is the mean for nine animals +S.D.
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Fig. 8. Time course of changes in EROD level of the he-
patic microsome in rockfish (Sebastes schlegeli),
with exposure to NP (10 and 25 mg kg™ bw). A
same superscript in same exposure group are not
significantly different (p>0.05), and * P<0.05
compared with the rockfish treated with DMSO
(sham). Each value is the mean for nine animals+

S.D.
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Fig. 4. Time course of changes in GST activity of the he-
patic cytosol in rockfish (Sebastes schlegeli), with
exposure to NP (10 and 25 mg kg™ bw). A same
superscript in same exposure group are not signi-
ficantly different (p>0.05), and * P<0.05 compar-
ed with the rockfish treated with DMSO (sham).
Each value is the mean for nine animals £S5.D.
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21} EROD $4-2 shamT-& ¥ R3}ed NP FAHT 2%
FAb Foll Alzke] Ao mel FrlEzE =
sham 7l ¥la] NP FA7-9 Z7F A=r} 2 Zew
Ho} NP= EROD 8A4¢ fE314] e Aoz HlY
(Fig. 3). NP7} EROD 4% 45314 ok=the AL 3)

of

B ol

N

e

o i Z b

off

Ato] Fol g xefde] (Salmo salar) (Arukwe et al. 1997)
Y $AFEQ 922 hepatoma Hepa-1lcle7 Al
(Jeong et al. 200D\ M = w7 iA = A ul gl &
A GSTE FEWNAR] el Hshs 2gasold 1
A} ubS- (phase Dell A Abs}, 89, 7heRsz 543717t
=59 114 4% (phase D A= o]E 34718 712
33HE-E HAA A A FFFEA Y AL F5
X2 53 TPAIA Eytez wjdsy) A HES
NP FA}F § x7]ol] GST Aol ¥debrt ol AAp ¢
olA = HEL Ho|= A& 7o A FUE NPE
235l WA= Aol AR, o] F AW NP
=7} 2o159HA GST 4= RotAlx Aolet 944
=5
olAe] AxE AHshd, NP o EolA 7+ &

& 2%, 2 kR lEAE S PAHE
Ae BT 4 ALt WP 24 £ 527}
e gom PEeE §58de AAFAY AaE
(clearance)® IS W& 4 ol glomz {3282
259 Aol = FEubase Avzol= A4
Aa} Zhe WiglA] 3shEe] A SelE A 3] o
Foll, o]& &2 f= =t A Aoz WA
H92) dAE G 0 + e Aol B9
NPE WEujA] AefEdzs UefA glonz 32
% od3kg wjAgE Ao FFHANEH ol HAAM=
w3 ool

A

F 2

vlo] 24 AHIA R wo] 2ol UZFAEF 3t
el a9 (nonylphenol)o] s)Ate] ol A w2 o
& 2D Fo Plelzd 2oadeld 275
AR 10 B 25 mg kg & 13] Fo43iicth. W 4AlQ
DMSO%HE FARE sham -8 AA st vmajgdct 5
A} & 797b 7FEEFR] 4 (hepatosomatic index)2] W3IE
FAEIG I, wat A vjae g F YA fEdAra
42l cytochrome P450 (CYP) 5% ethoxyresorufin
deethylase (EROD) &4 2] ¥zl &A)s)iv}.

I A, 1% % (25 mg kg ") FAMF A= HSIZL Zras
e, o]7-& NP7} 7H o] 4] vk & 1o
Fot. B9, FEAAES F CYP FEE F=H39AT
EROD 42 A& 73e Bk o|He] FARE
EE $EveE 428 4 39 NP sx=d] ¥j3] o
$ & pFEo|ANL & AYdAM T NP7} 23| EHlA
g 54 3a, e fEHAt R = ofEFE 1)

—

P



CYP and EROD in Rockfish Injected with 4—-NP 175

<+ %

r&;

d
£
s,

& 5 o

A A}

2 AFE PR AFALGNI AL dol
sloler ofel Zhab =ek.

g d

2P LT, 2002, Wl AT SHEHpY. 327
PP

AE, oluld, o|AA, AYF, ¢|¥, 539, 2003. {7174
el Al AF9 P4 MFO &4Aol niAe 33
FAAE 21:18-25.

s okgeAbs. 2002, HEul A Al e e sfFAeiA od3kst A
FAFD. WER AN L] G o f7d=z 54
. 171pp.

Arukwe A, T Celius, BT Walther and A. Goksgeyr. 2000a.
Effects of xencestrogen treatment on zona radiata
protein and vitellogenin expression in Atlantic salmon
(Salmo salar). Aquat. Toxicol. 49:159-170.

Arukwe A, L Forlin and A Goksgyr. 1997. Xenobiotic and
steroid transformation enzymes in Atlantic salmon
(Salmo salar) liver treated with an estrogenic com-
pound, 4-nonylphenol. Environ. Toxicol. Chem. 16:
2576-2583.

Arukwe A, SW Kullman and DE Hinton. 2001. Differential
biomarker gene and protein expressions in nonylphenol
and estradiol-17f treated juvenile rainbow trout
(Oncorhynchus mykiss). Comp. Biochem. Physiol. 129C:
1-10.

Arukwe A, R Thibaut, K Ingebrigtsen, T Celius, A Goksgeyr
and JP Cravedi. 2000b. In vivo and in vitro metabolism
and organ distribution of nonylphenol in Atlantic sal-
mon (Salmo salar). Aquat. Toxicol. 49:289-304.

Baldwin WS, SE Graham, D Shea and GA LeBlanc. 1997.
Metabolic androgenization of female Daphnic magna
by the xenocestrogen 4-nonylphenol. Environ. Toxicol.
Chem. 16:1905-1911.

Baldwin WS, SE Graham, D Shea and GA LeBlanc. 1998.
Altered metabolic elimination of testosterone and asso-
ciated toxicity following exposure of Daphnia magna to
nonylphenol polyethoxylate. Ecotoxicol. Environ. Safe.
39:104-111.

Burke MD and RT Mayer. 1974. Ethoxyresorufin: direct
fluorimetric assay of a microsomal O-dealkylation
which is preferentially inducible by 3-methylcholan-

threne. Drug Metab. Dispos. 2:583-588.

Christensen LJ, B Korsgaard and P Bjerregaard. 1999. The
effect of 4-nonylphenol on the synthesis of vitellogenin
in the flounder Platichthys flesus. Aquat. Toxicol. 46:
211-219.

Colborn T, FS vom Saal and AM Sato. 1993. Developmen-
tal effects of endocrine disrupting chemicals in wildlife
and humans. Environ. Health Persp. 101:378-384.

Comber MHI, TD Williams and KM Stewart. 1993. The
effects of nonylphenol on Daphnia magna. Water Res.
27:273-276.

Gray MA and Metealf CD. 1997. Induction of testis-ova in
Japanese medaka (Oryzias latipes) exposed to p-
nonylphenol. Environ. Toxicol. Chem. 16:1082-1086.

Habig WH, MJ Pabst and WB Jakoby. 1974. Glutathione-
S -transferase, the first enzymatic step in mercapturic
acid formation. J. Biol. Chem. 249:7130-7139.

Jeong HW, JY Kim, CY Choi, HJ You and KS Hahm. 2001.
Suppression of CYP1A1 expression by 4-nonylphenol
in murine Hepa-1c1c7 cells. Cancer Lett. 165:95-101.

Jobling S and JP Sumpter. 1994. Detergent components in
sewage effluent are weakly oestrogenic to fish: An in
vitro study using rainbow trout (Oncorhynchus mykiss)
hepatocytes. Aquat. Toxicol. 27:361-372.

Kime, D.E. 1998. Endocrine disruption in fish. Kluwer
Academic Publishers, Boston.

Lee C, JG Na, KC Lee and K Park. 2002. Choriogenin
mRNA induction in male medaka, Oryzias latipes as a
biomarker of endocrine disruption. Aquat. Toxicol.
61:233-241.

Lowry OH, NJ Roseborough, LA Farr and RJ Randall.
1951. Protein measurement with the Folin phenol rea-
gent. J. Biol. Chem. 193:265-275.

Madigou T, P Le Goff, G Salbert, JP Cravedi, H Segner, F
Pakdel and Y Valotaire. 2001. Effects of nonylphenol on
estrogen receptor conformation, transcriptional activity
and sexual reversion in rainbow trout (Oncorhynchus
mykiss). Aquat. Toxicol. 53:173-186.

McLeese DW, V Zitko, DB Sergeant, L Burridge and CD
Metcalfe. 1981. Lethality and accumulation of alkylph-
enols in aquatic fauna. Chemosphere 10:723-730.

Meldahl AC, K Nithipatikom and JJ Lech. 1996. Meta-
bolism of several *C-nonylphenol isomers by rainbow
trout (Oncorhynchus mykiss): In vivo and in vitro mic-
rosomal metabolites. Xenobiotica 26:1167-1180.

Nimrod AC and WH Benson. 1996. Estrogenic responses to
xenobiotics in channel catfish (Ictalurus punctatus).
Mar. Environ. Res. 42:155-160.

Omura T and R Sato. 1964. The carbon monoxide-binding
pigment of liver microsomes. J. Biol. Chem. 239:2370-



176  Joong-Kyun Jeon, Ji-Seon Lee, Young-Chang Sohn, Won Joon Shim, Jee-Hyun Jeung, Gyong-Pyo Hong, Pyong-Kih Kim and Chang-Hee Han

2378.

Purdom CE, PA Hardiman, VJ Bye, NC Eno, CR Tyler and
JP Sumpter. 1994. Estrogenic effects of effluents from
sewage treatment works. Chem. Ecol. 8:275-285.

Sumpter JP and S Jobling. 1993. Male sexual development
in a ‘sea of oestrogen’. Lancet. 342:124-125.

Tremblay L and G van der Kraak. 1998. Use of a series of

homologous in vitro and in vivo assays to evaluate the
endocrine modulating actions of B-sitosterol in rainbow
trout. Aquat. Toxicol. 43:149-162.

Manuscript Received: November 30, 2003
Revision Accepted: January 29, 2004
Responsible Editorial Member: Saywa Kim
(Yongin Univ.)



