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LEH|A ZolFE skl st o AEZAIM ASHHM 9 A T}
OIMIE" - AIRIY - 0|5]5 - Mo3| - RO - L7’
FAHI1L 4, Bsta BAAE AR

2% : @A 2 AHSFols WRuA Fo|3HEoko 2 EFE benomyl, carbaryl, endosulfan 5 17%

o gt estrogentd HFS
RO, luciferase assayo)|A] EeqS
A 99 Ble

benomyl 5 vl 4% ok

MRLE ol4% 4ol U= Wrh 2% Fobse =

AN87] A8t JAGA G EBGILucdE2)E o] 83t luciferase assayS 53335}
B2 E A GARY Sl A2EZAY G Db Aol
AA8 Q). Estrogen 484 APAIPNA cypermethrin, dicofol, endosulfan, esfenvalerate
2 fenvalerate7} 10° Mel|A] Hx gko] BAE YT, mancozeb 5
Il ST °lE F
17 Beestradiole] th3t RLP 9} RLUE dicofol®] 7%

8% B oF% Y] Ao,

gAo) vlwA 73t dicofol I endosulfan®] 1 nmol

10° 2 56%°]Q1%, endosulfane 10° 2 72%0|%lt}.

F3 1Y HNsFdHAFS cypermethrin 0.667, dicofol

0.1462, endosulfan 02066 2 fenvaleratefesfenvalerate 0.2098 mg/person®.2 % %4 19 o ok ko]

1.2298 mg/persono| 1, FA ZF o 2EZA
Ao, U ZUHY AL )

Z7} B5E 3075 ngLE AAETY H§ 1593 2713
TO2 Y3k A YAEZ J2EZA F7}

T
FEE

0.01938 ng/LE A

FEE Hls) 0.0968B% = F7HshAT2004d 59 219 H4, 20049 69 259 )
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T3l EulA ARFHEd tF gy 5
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Table 1. Characteristics of test cells for luciferase bioassay

Cell Medium

Origin of cell

Mark gene Test item

BGI1Luc4E2 ESM

Human ovarian carcinoma

Luciferase ER

Qo) o8 Frhach o A9 Aeslte A
heat shock proteind} EEHZ FASle JAE=A
FEA 9o AFHY A2ERZA AT 84935
gozA J8e f¥ae Aoz A Utk

gzt 8 AFeMe U AREFolH, UlEHlA
AolFAFLoZ EFH benomyl, carbaryl, endosulfan
5 U3 o o AiERAY %S P
g8 AAFALNEBGIucAE2)S  ©]-83 luciferase
assay (Rogers$} Denison, 200008 $3J3t5ix, £
A FelFEte] d2EZAA G g oA
# A¥=%7KShaws} McCully, 2002)5 FHHHLY
41#| ZHEMDI, estimated maximum daily intake)S AFS
3t Hr1g s Husnz g

ME L W

Mz A Al

ANgsdosE WWFR(19963)7F B53 WEuA
FANFHEAD F FUAME 175 5 %alachlor, beno-
myl, carbaryl, cypermethrin, 2,4-D, dicofol, endosulfan,
esfenvalerate, fenvalerate, malathion, mancozeb, metho-
myl, metribuzin, metiram, parathion, trifluralin %
vinclozoling 4 2 AEFE (FZEF 5 U FFA=
Atz RE deste] ALEEIor, 17 Bestradiol %
Uukr ke Sigma chemical Co.(USA)ZRE] TY3t4]
on, qAEZA & AFFHA FH BGlLuc
4E2(QAdAY ADHEE dYITYol Uit I3E
4ol AHZFQ Denison MAIZFEH Ropso} ALg
SHITHE 1),

u ok z|¢] a-Minimum Essential Medium(a-MEM),
fetal bovine serum(FBS) £ uj%ujA]&= Gibco BRL
UK)2HH FY3t AH3Hch

Luciferase: B A}

NEEZAY GHRAE 93 BGILucdE2 HEE
a-MEME| A | A 3~597F 37C, 5% CO, & AL
85% Z 73t A ujek3lgich. Luciferase &4 AN
HgE AEE 24 well AL wjYF Z2o]E] well

% 1x10°A| ¥ 2 5% dextran-coated charcoalZ )@
FBS (Hyclone, USA)$} dH=# =7} §l& estrogen-
stripped media(ESM, Sigma)e] HEF F 79 F¢
g wiRE weEHEA 90% confluence’} HAS )
ANBEAS 64N B AHEstd AFEAT MY
4 A g9 T WA 01%5 27H3A
A=E sgon, ANFEHC] AHE AZe WAE
A A3}l phosphate buffer saline (PBS)C.2 X F
100 uL¢] lysis buffer (Promega, USA)Z A|X & 83|
3 g AEE AT dARsIATh &9 50
uLol 50 uL¢] luciferase reagent (Promega, USA)E 3
7}F3ted  Luminometer (MicroLumat plus LB 96V,
Berthold, Gemmany)E ©]-83}& delay time 10 3,
integration time 5% 9] A|@Z AN SA3IHTH

Protein A2f

Ax g3 T dadEgFe ol RFFEFE
bovine serum albumin(BSA)E A}-£3}e Bradford o 2
24389k 20 uL A|F &4} 50 ul Biorad assay Kit
g AN FHRFE FS 2™l Multiskan
Spectrum(Thermo Labsystems, Finland)2 ©]-8-3}of 490
nmol N ZAY}.

Relative Iuciferase potency(RLP) 2! relative
luciferase effect(RLE)X| A&

Soto$} Carlos(1985)7} E-screendl] )& AAE Hr}
8 o AR Wgoez A AZERAQ 17 B
-estradiol®] HIBAHE HY WE 7|EOE o A
FEZY Fxe vlud u= relative proliferation
potencyRPP)Z, 12]i i A9 A7ig HuE

£ relative proliferation effectRPE)E | nl s} H7}
ek 2y B dpeMe AEe EE vudg
Ao] ol luciferase®} BAL H|wdlH o2 E RLP
9 RLEE X ¥3ld H7}8tgth

Alojad] skl B
AES 59 el FojERserd g ey
S g A7 2e PPoz WrSHTHShaws} Me-
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Cully, 2002). 58] FAHNYU T3 ZHEMDI,
estimated maximum daily intake)S 2% HF AL A
F3 MRLE o]§3l9 &3, E4HAFo2RH
42 Ho EAHT=Y 17 Bestradiold) HuFAEs
9] o] ZHE] E.eq(estrogen equivalent index)E A+3
st g2l 9 F JAERZA 59 Hwdle 93
A4S BT B g gadde ges 2h

g3 WEuA Eeq
= EMDI «x
AN EdTE blood volume(L)

EMDI : Estimated maximum daily intake of EDs
E.eq : Estrogen equivalent index to 17B-estradiol
Average human blood volume : 4 L
Average human male plasma concentration of
17B-estradiol : 20 ng/l.

A o 8

LH2H|A ZoiFd sl tist daEZAYN At
EHA ZieAsdt 5 AR 17F Fd
3l 10 Mol 52 J2EZA 584 A A
ERRANHLE J2ERAY TS AES 279 13
1o|A Bz nie} 3ho] FHHZEZR] 17B-estradiol
SANZ EZ DMSO2 RLU(relative luciferase
unit)/mg protein®l] W3} of 57v) FUtE AL RJY
ow, dicofol 25.1, endosulfan 11.1, esfenvaler- late 5.4,
fenvalerate 5.1, 2 cypermethrin 4.78] A2 &A=
o HF e 84 &8 Ho J2EZA 44
AR HEE {539t E£3 alachlor, mancozeb,
methomyl, methiram, metribuzin, parathion, triflurain %
vincolzolin®- 2.08) AT FAxz ddEL Z7A)1Fa,
I e FFEdME Ggol BHEHA FUh o9
2& 2d= Giesy §(2002)0] AAEZA Y o3}
olEBIME FEAE o]&F FHLEERHY AEA
HAATFAGNA L& DDT, endosulfan, methyl
parathion, methomyl F¢] AFZAFe} fFAleFgoH,
Legler $(1998)¢] endosulfan, dieldrin % lindaneo] tj
g AA FELAXL(MTDE o83
reporter gene assay®] 2J3F AEZ A HFS FA}
3t A7} endosulfano] o 2EZAA o] gt A
TARYE FAF Aol EF Petit F(1997)¢]
B parathione]] tidt FH2 HA¥ ERE o] &3

luciferase

AEZAY FFHNS] FAgE  RFAREILH,
Klotz 5(1996)9] carbamater] <¢kol] thst dA7zazn
2 Go 5(1999)9] pyrethroidA] Eokol] o3 A7 A
5 2 AFoldtt. 25 Fool NAEZA
F4A9 At FRAY B4E o= A= FU}
NRAAT, o8 AMTe g ok 1 AA7}t dAE
AR AtE A& AvEAE d=th(@d D)

Relative luciferase potency(RLP) %! relative
luciferase effectRLE)O] 28t =2t2] 2ialid Fot
23 Aol &L dicofol? endosulfanol] th3H
RLP 2 RLE9] 93 o2EZAA HFE H7ls}7)
A8l A NEEZAQ 17B-estradiol?} FoFo] o
3 932 BGlLucdE2 M EZS o] &3}o] luciferase &
A& AA% 47 39 2<(A) ¥ 2-B)%AH BRE Hpgt
7o) 17 Bestradiole 10°M7ZARE 9ol glqov}
10°MEBE 93] Yehpr) AFsle 55 g4FFHe
Z 10"°MelA H1e) FHE Roltr} 10°M o)
o FRIAIME AEFA T 9T TR 23]y
g0 Zadte A4S Bk mEbA 17 Bestradiol
9 AY FAHEEA 10°ME RLPZ, 2,500 RLU/mg
RLEZ AA3Hch wA  dicofol 2
endosulfan®] RLPE= 25 10°Mo]¢l1, RLE: H1 &
Ao] 1,400 2 1,800 RLU/mg protein® 2 Z}zZ} 56 %
%A 0% 2 A= AN EAdt=
EZA 849 Y3 Eeqr} 10700 sgsing
AAzA L NAERAY G vt Aow
5%1ch Oh(2000) 52 E-screen AEAGHOE
F8 78 9 7 HAE gF N2EZANY JF
e AFd Jrtg P Ay J2E270 gF
Eeq/l 107702 $¥)5Fe ohistn Bristged,
AZAA WERA ZAAEDA R Frte AT
U AAFA FAE Hrbdel MEEoUA ot
A7AER S Yrpgo g grlsta ik

protein-S-

o ol oof 2
HoRoL

Q

AEsotel dlAERAYM HEol ThEH 40IMFAEE

FUYALE R HIA FofFAE ] i ARER
AA  H9g&  AMe A3} cypermethrin, dicofol,
endosulfan, esfenvalerate 2 fenvalerate7} 2+2} 10° M
AN Auel A4S HYoH 10° ME FAFEEE
A9}t RLPEXRE EeqE 747 10°0.2 24323}
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Fig. 1. Induction of luciferase activity by 10 umol pesticides or 1 nmol 17B-estradiol in BGM-ERE cell. Cells were
plated in 24-well plates and grown for 7 days in ESM. At approximately 90% confluence the cells were

incubated with test materials for 24 hours and

luminometer.

%At} Dicofol¥} endosulfan 5 5% %ok 2 &
e s 238 sRFEEH 19 A
HFo2RH FHAYYLTINATS A2y

g, 2 ZgE= ® 204 RE upsl go] cyper
methrin2- 42}, 315, AL3} v F 82 Ed] 5EHo
Ao MRLo] 0.05~50 mgkgod Z=HHPYY =
M HHFS 0667 mg/persono] Qo dicofole A},

luciferase activity in cell lysates was measured by

v 3 ZEd MRLo| 20 mghkeZ FEHNLALSYF
AHFE A& 23 01462 mg/person©] It} Endo-
sulfand- v Fo gt FEH0j] o MRLO| 2.0 mgkgo
2 FRHANYLFFIHFS 02066 mg/person ©] Y
t}. Fenvalerate/ esfenvalerate®} =] S& B2 33
HWjF § 5%0]8, MRLo] 02~20 mgkgo 2 AAsg
ojglo] FAHANYLFAFEHZFL 02098 me/persono]
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Fig. 2. Dose-response curve for induction of luciferase activity by 17 B-estradiol in BG1Luc4E2 cells. Cells were
plated in 24-well plates and grown for 6 days in ESM. At approximately 90% confluence the cells were
incubated with the indicated concentration of 17B-estradiol for 24 hr and luciferase activity in cell lysates

was determined.

At
WEHIA FelF45F 53 dd Aol4d3 93
=E 97 A3t R 4elA BE ube} ol A

A Ao HFEF NAERA BEE 20 nglZ,
17 Beestradiold] Th3 Eeq® %37} o] 107, 5% ¥
o FHHNLLEHEAFFS 12298 mg/person, ¥

Table 2. Estimated maximum daily intake of pesticides from registered agricultural commodities in Korea

Daily food

Pesticide Crops infake(kg/man)” MRL(mg/kg)” EMDI(mg/man)”
Potato 0.0185 0.05 0.000925
Pepper 0.0071 0.5 0.003550
Cabbage 0.1033 50 0.516500
Cypermethrin Apple 0.0389 2.0 0.077800
Pear 0.0082 20 0.016400
Citrus 0.0260 2.0 0.052000
Ginseng 0.0002 0.1 0.000020
Subtotal 0.2022 - 0.667195
Apple 0.0389 2.0 0.0778
Dicofol Pear 0.0082 20 0.0164
Citrus 0.0260 20 0.0520
Subtotal 0.0731 - 0.1462
Endosulfan Cabbage 0.1033 20 0.2066
Total 0.2022 - 0.2066
Pepper 0.0071 1.0 0.0071
Cabbage 0.1033 1.0 0.1033
f
E‘Zne’gaﬁate/ Apple 0.0389 20 0.0778
valerate Pear 0.0082 20 00164
Citrus 0.0260 02 0.0052
Total 0.2022 - 0.2098

a)Minisl:ry of Health & Wellfare(1999) National nutrition survey report.

PNIAST(2003) Maximum residue limits of pesticides in agricultural commodities (unpublished)

“EMDI = Daily food intake x Maximum residue limit
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Table 3. Estrogen equivalent index(E.eq) of pesticides to 17f-estradiol by estrogen receptor binding assay on human

ovarian carcinoma BGILuc4E2 cell line.

Compound Con. of maximum® activity(Mol) Eeq”
17B-estradiol 10" 1.0
Cypermethrin 10° 107
Dicofol 10° 10°
Endosulfan 10° 10°
Esfenvalerate/ 10° 10°
fenvalerate

IConcentration of maximum luciferase activity on ER binding assay.
b’E.eq = Concentration of maximum luciferase activity of 17[-estradiol/tested material.

Table 4. Dietary risk assessment of suspected endocrine disrupting pesticides based on maximum residue limits

Pesticides. EMDI” Eeg® V. of Blood Con.of EDs in %/Normal
(mg/person/day) @L® blood(ng/L)® concentration®

Cypermethrim: 0.6672 10° 4 1.668 8.34
Dicofol 0.1462 10° 4 0.365 1.825
Endosulfan . 0.2066 10° 4 0.517 2.585
Esfernvalerate/ 0.2098 10° 4 0.525 2.625
fenvalerate

Total 1.2298 3.075 15.374

“Daily food ‘intake x Maximum residue limit.

b)E.cq = Concentration of maximum luciferase activity of 17B-estradiol/tested material.

“9Average human blood volume.
PEADI x Eeq/blood volume(L).

e)d)/AverageV,human male plasma concentration of 17B-estradiol(20 ng/L)x100.

AFE 4 L2 3o F T g JAEZANE
A9 F7HES A2 A A 3ol EAse
JEAEE FEE FAHAZ AstA 3075 ngl F
TWINAHTE oA AN JAERA 59 1537% A
Tof sjgsted Fekol g el i At 9l
& AoE FrlERo, ¥ BUHY A5 9T
AN H7E A5 3ol EAsle d2E2A 59
Z7h= 001938 ngL2 A5 Hls) 009693% A
T F7e sl o AL BAEHA g A
o7 ALHIUHE 5). o9 2L Ade 99
MAFF(Ministry of Agriculture, Fisheries & Food)A} 5.5
o] &3t P2l HolHAFE T v drER
A4 3B A sl AT AN2EEZANY o
TS s ASE g AF o]z} ¢tk Shaws}

McCully, 2002). 221} o]¢} 22 H7vt A8, 8
T % EE =& o 1A X1, = gE

A7b 9& F W) Wi oz o g2 a7 H
7hdol s olof &g Bt 7hed ReE %
SE A

=
ol—'%_ll__l_

Boenke, A., C. Searle, T. Karjalainen(2002) Contribution
of European research to endocrine disruptors. analytica
Chimica Acta 473:161~165.

Denison, M. S., A. Pandini, S. R.Nagy(2002) Ligand
binding and of the
Chemico-Biological Interaction 141:3~24.

Denison, M. S., D. Phelan, G. M. Winter, M. H.
Ziccardi(1998) Carbaryl, a Carbamate insecticides, is a
Ligend for the Hepatic Ah(Dioxin)
Toxicology and Applied Pharmacology 152:406~414.

activation Ah  receptor.

Receptor.
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Table 5. Dietary risk assessment of 5 suspected endocrine disrupting pesticides by practical residue monitoring data

Daily food

Pesticide Crops (kg/igtéskgn . Mtzfnn g/kgref)lgue (mg/ieAI]S)(Im)c) C&‘;ﬁ({?ﬁ)dﬁn co?clgn(t)rnag%ln”
Potato 0.0185 - - - -
Pepper 0.0071 0.045 0.00032 0.00080 0.0040
Cabbage 0.1033 0.020 0.00207 0.00518 0.0259
Cypermethrin Apple 0.0389 0.016 0.00062 0.00155 0.00775
Pear 0.0082 - - - -
Citrus 0.0260 0.009 0.00023 0.00058 0.0029
Ginseng 0.0002 - - - -
Subtotal 0.2022 - 0.00324 0.0081 0.0405
Apple 0.0389 0.079 0.00307 0.00768 0.03840
Dicofol Pear 0.0082 0.075 0.00062 0.00155 0.00775
Citrus 0.0260 0.002 0.00005 0.00013 0.00063
Subtotal 0.0731 - 0.00374 0.00936 0.04678
Endosulfan Cabbage 0.1033 0.002 0.000207 0.00052 0.0026
Subtotal 0.2022 - 0.000207 0.00052 0.0026
Pepper 0.0071 0.008 0.000057 0.00014 0.0007
Cabbage 0.1033 - - - -
IEZS;‘J’:;:?C/ Appleg 0.0389 0013 0.000506 0.00127 0.00635
Pear 0.0082 - - - -
Citrus 0.0260 - - - -
Subtotal 02022 - 0.000563 0.00141 0.00705
Total 0.00775 0.01938 0.09693

“Ministry of Health & Wellfare(1999) National nutrition survey report.
PNIAST(2002) Pesticides monitoring data(unpublished)
“EMDI = Daily food intake x Maximum residue limit

PEADI x E.eqfblood volume(L)

e)d)/Average human male plasma concentration of 17B-estradiol(20 ng/L)x100
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Risk assessment for estrogenic effect of the suspected endocrine disrupting pesticides

Je Bong Lee’, Jin Sup Shin, Hee Dong Lee, Mihye Jeong, Aresun You, Kyu Young Kang'(National Institute of
Agricultural Science and Technology, RDA, Suwon 441-707 and 'Department of Envrion. Biotechnology,
Gyeongsang National University, Jinju 660-701, Korea)

Abstract
benomyl and carbaryl, being suspected as endocrine distupting chemicals. For estrogenic effect examination,
luciferase assay were achieved with human ovarian cancer cell, BG1Luc4E2. Estrogenic effects of cypermethrin,

dicofol, endosulfan, esfenvalerate, and fenvalerate were observed at the concentration of 10° M by estrogen

: The present study was conducted to test and evaluate estrogenic effect of 17 pesticides including

receptor binding assay. Relative luciferase potency and relative luciferase effects compared with 10°M 17 B
-estradiol were 107, 56% for dicofol, and 10°, 72% for endosulfan, respectively. Estimated maximum daily intake
for pesticides was calculated from maximum residue limit of agricultural commodity and food consumption was
1.2298 mg/person. Theoretically calculated blood estrogen level from dietary intake for pesticides based on MRL
in Korea, 3.075 ng/L was equivalent to 15% of estrogen concentration in normal blood, but practical monitoring
data, 0.01938 ng/LL was equal to 0.09693% of estrogen concentration in normal blood.
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