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ABSTRACT : Di-2-ethylhexyl phthalate (DEHP) is the most commonly used phthalate ester in polyvinyl chlo-
ride formulations including food packing and storage of human blood. DEHP is a well known as non-genotoxic
carcinogen and endocrine disrupting chemical (EDC). DEHP have shown all negative results in ICH-guildeline
recommended standard genotoxicity test battery. In this study, to assess the clastogenic and DNA damaging
effect in human-derived tissue specific cells, DEHP was treated in human derived MCF-7 cells, HepG2 cells, LN-
Cap cells, BeWo cells, MCF-10A cells, and female peripheral blood cells using micronucleus assay and in human
breast carcinoma MCF-7 cells up to 1.28x102 M using Comet assay. The in vitro micronucleus assay is a
mutagenicity test system for the detection of chemicals which induce the formation of small membrane bound
DNA fragment i.e. micronuclei in the cytoplasm of interphase cells, originated from clastogenic and/or aneu-
genic mechanism, The single cell gel electrophoresis assay (Comet assay) is used to detect DNA strand-breaks
and alkaline labile site. In our results, DEHP increased significantly and/or dose-depentently and time-depen-
dently micronucleus frequency at the 6 and 24 hr without metabolic activation system only in MCF-7 cells.
DEHP treated with 2 hrs in MCF-7 cells using Comet assay induced DNA damage dose-depentantly.
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DEHP:= ¥ 2A)E Z2]84 (Peroxisome proliferator), Y
2u)A] Aol E& (endocrine disrupting chemical, EDC)EA,
dEAQ wFASA wtEAR dEx gl HEAE
(peroxisome)ye- Al Fujel] EAsR= 73 =X 3o b
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 WwetAdE Jehigy RE3E3 Qlv) clofibrate,
cinnamyl anthranilate, DEHP, WY-14643, trichloroethylene
5 AlE FAAIE obr]519].2, WY-14643, Nafenopin,
ciprofibrate ZH| Eoll N APYA S Z7HAz1om, APl
A BA| 3o F7lske] A &3S fritdlel BuEg]
tHAshby et al., 1994; Lefevre et al., 1994).

WAl A el e o) wel fAEA uetEA
(genotoxic carcinogen)®} B354 *HHE-d (nongenotoxic
carcinogen)® W& 4> leH(Ashby er al, 1996, 1994, 1991;
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Moz g 8 4 sokRoy er al, 1999). 2 4
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DEHP (di-ethylhexyl phthlate, CAS no. 117-81-7), 3-
(4,5-dimethylthiazol-2yl)-2,5-dipheny! tetrazolium bromide
(MTT), cytochalasin-B+= Sigma Chemical Co. (St. Louis
MO, USA)ol| 4], Eagle’s minimal essential medium (EMEM),
Dulbecco’'s modified Eagle's medium (DMEM), FI12K
modification Kaighn's medium, RPMI 1640 medium<}

Fetal Bovine Serum (FBS), Donor Calf serum (DCS), =
Gibco BRL (Grand Island, NY, USA)llA 7431w}

Mz o M=Zufek

FAEE HEE= Chinese hamster lung fibroblast (CHL)
AEZ AR 2o kFAZ QT4 Sofuni BHAIZAE
okuto} ARE3}odt}. Modal chromosome numbers 250],
M EF7]= 154 7rol v (Ishidate et al., 1977, Koyama et
al, 1970). wHeked-2 10% FBS®} 1%%] penicillin-
streptomycing E&3 EMEMS ARS8t viofs Al £
239 "l 025% typsin-EDTASN S ol&3led A
Asitet.

AHE 2 MIEZA human breast cancinoma, estrogen
receptor positive MCF-7 cells, hepatoblastoma HepG?2,
AR A E2] LNCap, Blehi] Al E<Q] BeWoH| £E ©]
$ale] ARTAATE AR AT 2R FpUsh
t}. MCF-7 cells?t HepG2 cells?] wioFel2- 10% FBSH
1%2] penicillin-streptomycin® E33F DMEMS AR5}
O, LNCap2 RPMI 1640 mediumE, BeWoAH £
F12K modification Kaighn's medium 85%$} 15% FBS&
AME3det. MCF-10A Al ¥ DMEM/F12, 10 ug/ml insulin
(bovine), 100 ng/ml cholera toxin, 0.5 pg/ml hydrocortison,
20 ng/ml fungizone, 2 mM L-glutamine, 100 ug/ml
penicillin/sterptomycin mixture, 5% horse serume| %l
WA S ARSI, 3~4dnie} AldueFalod o AhdiA
Al Edwole) BAE Faslsiaal FUFNE 104 7]
gke2 Aojujerst HEnke Adel ARBIIEL £3 S
slollM 5% COZ 333 37°CS] Dual CO, incubator
(Shel-tab 1845 TC, U.S.A)lA wioFslsict.

CHALRHAISEA|

In vitro WA ZE 9sled AF 200g A= Sprague
Dawley male rael] Aroclor 12545 B hf] Feoisled 4
2 f=r7l ez e §9 RIS AZsT AMAIA
~70°Ce)] H#3)9]cH(Maron and Ames, 1983).

S9 mixE ZH AJHANA] AA-el| ZA|SHed A3, 1
FAL 939 2.

4+ FHAEF:E

Distilled water 235 ml
0.1M Phosphate buffer(pH7,4) 0.20 ml 4 mM
0.1M NADP 0.20 ml 4 mM
0.1M Glucose-6-phosphate 0.25 ml 5 mM
330mM MgCl12/50mM KCl salt solution 0.50ml  33/5 mM
S9 1.50 ml 30%

5.00 ml
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Aol Mt 6, 24212 Alslint. AldEA AelF 24471
Aol FE Lelo| =5 A)zkaie.

SEMNE I8t MESMAME

Mitochondrial dehydrogenase®] A A$E Vel
MTT 83 EAH S 3 3}9ct. Mossman(Mossman,
1983)2] HPHE W33le] 96 well platedl] ZH well(n = 4%
50,000708] MEE 2427181t 37°C, 5% CO, £713}<]
incubatorell A WioFEl F A\ PZAT EQsHA Aelslgct
7t wells 10l MTT £ (5 mg/mlye- 718l 37°C,
5% CO, ZZ151OIA 4rZFE<t 23R AASd-g AlA
8}32 dimethyl sulfoxide(DMSO) 150 uis @2 o}& 108
7+ A el FAES 48141215 microplate reader
(E-max, Molecular Device, U.S.A)YS AR&-8}e] 540 nmel)
A FIEE A8 28 AlEATE AXE v)oksiN
G el 2HE FY=o) dhsiel sl on, 2
= AlHEA ] A2HA] b2 2T} vlasle] SR
Hgsledt}h. =3 hemocytometerS ]88 trypan blue
exclusion assay= 33}5ic}.
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HENEE 71508 sl dnjAlRHe) HuEE AR
aloden, Fv) 108 A4tk =3, SujdxedoR
DMSO H2lZt 71719 GRS 22 Hefsle] A9
3piet. CHL A2 739 AW 2 dARAH-S, MCF-
7, HepG2, LNCap, BeWo, MCF-10A A Zol|A= 2
s sl AAHYWES CHL AEE 27 60 mme)
petri disholl 1X10%ml H=2 Esle] 197} wjoFst 3
724zt Al oFAAU 2B T8 e viokleE W
ghsled 24A17F wllFslsdTt. 0.25% trypsin-EDTAZ A %5
22 3 4009 ARN(0.075M KCD) 4 misl] de A7 o
& w2 YARElsT. A (methanol : glacial acetic
acid=3:1)22 23] IAA|7) F 50% 2AAF M e]sie]
ARAR L) Sl AZP ARG Fojmma) GAH) FES
e, 3] AR R LElo|=E A|2}sle | 5% Giemsa
2 3087t == Acridine oragneZ ©]83)e] FA3 ¥ I
ghain)7 e 3R] (X400~X 1000102 Fasigic).
Aty EA131e] Alg-e CHL MZE A7 60 mme]
petri dishell 1X10%ml HE2 spEsle] 147F wiekst 3,
Z47b -9 mix (oFNL] 20% H1E)et AFEA == kA

2904 -
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2B o] 23k v o2 6AZF viokst ¥, BE0| w)
Aoz waksled 18A17F o] wieksiich Mz 4, R
VL Alsisict. PR Fo R e 7t Hels] B B4
o wle} AAdME MMC 0.1 pg/mts, SHAEA oM =
B(a)P 20 ug/mke- ARE-3}53c}.

g Al F=F 1000702] A EE 33Hn]7d (Karl Zeiss,
X 400~X 1000) B 33453n)73 (Nikon, X 400~X 1000)3}o]
A #53le] small MN, large MN, multi MN2.2 23}
o FASGTHKim er al, 2000; Matsuoka et al., 1999).
23S Fht 7 E AEE Ade] A7<40H small MN
22, Y<MNe| 27 <40l large MNOZ2 F-E3)g].om
2L F Mol 7= M EE multi MNSE 3319},
AR fold oA 4% SlEH 02 Sk st
ol o] garalel ] MWA A PP ehd 39S
Fdez sigiet

MEZE RN LA

7}, Seluhop

AT A7 34 AQAKA:264), B:264), C:26M), D:
254); 4)0] UxPH IS o]-g3let. ZghE- Ao
A A GAS Fzele] AelE ABFHo| o} A3}
Al AR A, AEujefd o] Soigls LAalEe]del &
A 0.5 mbs T3l A Ao =8 E3IsE F 37°CelA )
oFalct. olm] AR&¥ A EwjokedS RPMI 1640 iR 2
10% Z#jol8A, 2% phytohemagglutinin, 1% penicillin-
streptomycin(10,000 unit/ml, 10,000 ug)S 27zt A 7}s}ed
A% smie) HES B3 Az,

. B2 ZejolE Azt

37°C el 4 B 4= QIES makshmA 72417
wekslsint. FAuiek Al AlFEAS 05% H =S X
sldet. WiokEE F MM EEL 2000 pmlE 1087 9
Algelsiedet. AHSeS A ASKT cold 0.075M KCl1 44
< A7’ ¥, 2N (methanol : glacial acetic acid=3:1)
1 mE «RiaAst 5, dalEeisin 4, YAlEel=Ae 3
3] whEslle). g o) ME del & ArkxzlE 7R
WA Setol= 9ol 2~3 W "ol ¥ TES Azt
31, 7] AZAZH

ot A ZA R A4 g

FAuwF A2 AlHEAS 05% FHESF Asigic)
37°C Mool 2 deted 4= Q=8 wukshHA] 4447}
viekgt ¥ cytochalasin-B(final conc. 6 pg/mlys H7ks}s
o}, 28A17F o] wieksled 724170 FAHEE-L 800 rpme
2 587 AEEsdT. ARs S FAlxE At A As)
T YARRE 0.075M KCl 498 78T 800 pmeE
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557 fAR2d ¥ 2 N (methanol:glacial acetic acid
=3:1)22 33 R==A) DRI, 600 pmelA] 5E7F
AR 2S5 AR 100 uie) formaldehydeE
7Vl om, AA oke] ME et S Az E 7|28
WA Eeto|= 9ol 2-3 Wk Hoj=e] 4F FE Lejo)
= Azlelgde. EEbol= X F 5% ARl 2083
AR 400uREol M 1,00009) FRIE 7HH HEF A2
Z 284 A48} vH(Tawn and Holdworth, 1992). EA8}
Aoz frejd Al §8F AEHE FIAY sht °I*J
o gaFAlolM A QA PSS VERE ASE o
ez sl

ERM|ZXO |ASAIE

7t BEREA ] A

Singh®] HP¥(Singh er al, 1988)oll w3ttt Eppendorf
wbeell MCF-7 MEE E3He Wiz ¥ 2417k A=’
F dAAIZ B 5% COE 393k 37°C9) Dual CO,
incubator(Shel-lab 1845 TC, U.S.ApIA vioksieict. uiek
Foll= DNA 3185 Apslr] $lsiM 4°CE 2131590
AFgN oz i}%ﬁ"] Aelgl A EE 33 AHe F
QAEeEle] AAZS 10wk B3 A|AS o) F A
FA7|FFAI el AHE31t

uh Sefe] = F)

Frosted slide?| 0.6% agarose 130 ulE 8] F 24Xx50
mm coverslip® 2 G 4°Coll M 108 A= wWAlse] 2%
o coverslipE AA3IgT} #eEAe] A HMEE
0.5% low melting agarose 75 uie} E31512 0|5 &i}o]
Zol] HAF coverslip® & QJolF F 4°ColA 1087 23]

+ coverslipE A AFGTE o] F 05% low melting
agarose 110 ptZ- ©] flol] Alsle] 23 o2 2p7FE- lysis
buffer(2.5 M NaCl, 100 mM Na,EDTA), 10mM Tis base,

Hg H Hg
f‘\ w”“&f‘"‘*\

L"J———-D

HZC

Sch

N

H2C
H:z

\/ ‘xz’“\x’
2

H2 H

Cl—--—-(')

Fig. 1. Chemical structure of DEHP.
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1% N-laury sarcosinat, 1% Triton X-100, pH 10)] &
A 4°ColA 12)2E S F

o}k A71°3%F

Electrophoretic buffer(300mM NaOH, 0.1% 8-hydroxyquinoline,
2% dimethyl sulfoxide, 10 mM Na2EDTA, pH12 3)E 9]
f3le] 2587F 22V, 300 mAdIA A75L Aasisict.
ol BE A2 F714<]l DNA £ “—}71 A spAlell
A st e AuE F3A1717] 8 Tris
buffer(0.4M Tris, pH 74)% 5%t 311 M)Ak, DNA7F
Sefo|=ol] AR 4 UEF olghES Ho|® 1A7F oA
A3t

2t 94 o 3

Lol =5 7 2AZ F ethidium bromide(20 pl/ml)=
HFgAstd=t. 353197 (NIKON Biophot IIy& o]v]%]
24 =22 g2 (Komet 3.1y 53] = @ 50009 NZS
Al DNA SAAEE tail momentgh 2 BA 5},

ul, A EA

AR o4 A 45 gedes vk
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Fig. 2. Cytotoxicity (A) and micronucleus formation (B) of DEHP in
Chinese hamster lung fibrobtast (CHL) cells.



38 AE - Do - A - el - s - RS - A - A - 8

sht olge) SN A8 QA PSS vekd
B9 Pho2 sk,
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DEHP:= DMSOE 472 slger], 10 mg/mke 3%
=2 3l F¥] 1002 3l MESAAYE AAEE
CHL MZol|r2] DEHP® MEZAAIRE Z3} 0.01-10000
pgmi7bAe] A FEA IChE RolA] et EA|g A2
3T 10000 pg/mPHE] 38] 100F sl SIS
13313 cHFig. 2A). MCE-7 Ml Zo42] DEHPY] A £%
AAE A3} 0.1-10000 pg/m7HAe] A FEAE Ho)x]
okokch(Fig. 3A). HepG2, LN-Cap, BeWo Al Eojr{e] 7}
1] MEEA A3 ZF= 0.01-10000 pg/mi7kAe] A
FEAM ICse& EolA] kol & AlfeAMY HIFeEe
10000 ug/mi-E] F4] 1002 3l AFAIEHE AP35
(&7} Fig. 4A, Fig. 5A, Fig. 6A).

Hx[2] 2AIE
DEHP:= CHLA|Zol|A 2AelA 6217 2 244171 22
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160.0 F A)
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100.0 |
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~&~ 6+18h
-8 24h

400 f

20.0

0.0 L .
0.1 1 10 100 1000 10000

DEHP (ug/ml)

o B) 06+18 hr

B24 hr

No cells with MN

0 10 100 1000 10000 MMC
DEHP (ug/mi)

Fig. 3. Cytotoxicity (A) and micronucleus formation (B) of DEHP in
human breast carcinoma MCF-7 cells.

BRM, 2] 3 AR 6A17F AR BF A
o] A7Z B¢l o (Fig. 2B)), MCF-7 MEel|A{2] AA]2)
2¥A13 A3}, DEHPE AW 27 »is, 10, 100,
1000, 10000 pg/mle] RE F5=9 6X7 ¥ 2447t A
ZAdM APAUE 2718 2ohp<0.05) (Fig. 3B).
HepG2, LN-Cap, BeWo ¥ 4813A-e SAJo) 270
Hl3 fojAdolE 7 JeEbiA Ak @A Fig. 4B,
Fig. 5B, Fig. 6B). &3 o|~E=2A 483 49l MCF-
10A AEZ |43t 428X HeM DEHPE 50 pg/ml &
SEAAM A9, ARAdE F7HE vEAT
(p<0.05), ANAEZA 83 FAe] MCF-7 NEE )83
Aol MY F7le nisiM & AdEAe FTE Bl
HFig. 8).

MEHE AN A A H

Donor 19] o34 LExPHE o] 83 MEAFIAA] 49
AlglellA DEHPE 5, 50 pg/mldlM frAdde 75,
donor 2¢] oA} HxYWL o]-43t AFA|Fel|A 50 pg/ml

250
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» ~@-24h

®
~— 150
=
E
o 100
>
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[} L " .

0.01 01 1 10 100 1000 10000
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%0 r W6+18h
< @24h
P
2
o 3t
o
[0}
s 20F
prd

10 f

0 10 100 1000 1000 MMC
DEHP (ug/mi)

Fig. 4. Cytotoxicity (A) and micronucleus formation (B) of DEHP in
human hepatoblastoma HepG2 cells.
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£124h
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Fig. 5. Cytotoxicity (A) and micronucleus formation (B) of DEHP in
human prostate cancer LN-Cap cells.

No. cell with MN

o141 Folske 371 HERIeleHp<0.05). T2k, donor
35} donor 4] e} A PLPG o4 APl
A #1914 Sl 3718 eRiA iekFig. 7).

CIMEXT [P SAIY

DEHP:= MCE-7H1 %0l 24|17t :2592 o, DMS02
tail moment:® 3.80%3.11, 10* M, 10° M, 10?2 M<&
Zrzt A #3td S 9 taill moment:= Z}7Zt 16.321+7.38,
18.25+5.46, 12.00+4.27% B9} g zEAR AL43}
H,0,Z 5X10° MZ 23l o 19.83+£9.05& X
Age] A3 eYHUSS BT (Fig. 9)

| &

DHEP:= $8M| En} A 31854)7] 5 3R] dA] (PVC)
2 e 4R 8Tl Fohtes WklrlsA o] Sl
EA2A AARAZTF (WHO) At ZA|oted 773
(TARC) $17125-2 19870 ARelAl WsirbsAdel e

180.0
160.0 A)
1400 ¢
1200
1000

80.0

viability (%)

60.0
w0 | - 6+18h
-m- 24

20.0 |

0.0

0.001 0.01 0.1 1 10 100 1000 10000
DEHP (ug/m#)

140 + B) B 6+18d hr
120 + W24 hr
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0 10 100 1000 10000 MMC
DEHP (ug/mi)

Fig. 6. Cytotoxicity (A) and micronucleus formation (B) of DEHP in
human choriocarcinoma BeWo cells.
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Fig. 7. In vitro CBMN in human peripheral blood lymphocytes
(female, N = 4).

£742l 2B group(EEel gk MM FAE ot <zt
o =3k ety $A ol EA)eE AA3stt. DEHP:=
ICH 7ol =2RIoA AlAske EF FA542 8 =1
B& ol&3 EHEAW o)A & (Yoshikawa er al., 1983;
Kirby et al, 1983; Zeiger et al., 1985, Agarwal er al.,
1985; DiVincenzo et al., 1985; Melnick et al., 1987,
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Fig. 8. Micronucleus assay of bisphenol A in human breast estrogen

receptor negative MCF-10A and positive MCF-7 cells.

tail moment
DMSO 1% 3.80+3.11
DEHP 10° M 12.00+4.2
DEHP 10° M 18.25+5.46
DEHP 10° M 16324738
H;0, 5X10° M 19.83149.05

Fig. 9. Photograph and tail moment of DEHP-induced DNA damage
for 2 hrs in human breast carcinoma MCE-7 cells.

Schmezer et al., 1988), ZHF I ZEES o83 A
o] A& (Kirby et al., 1983; Douglas et al, 1986), =}5-
2 B]¥En} " A EAW A} (Kirby er al., 1983;
Myhr et al., 1985; DiVincenzo et al., 1985), AW A
A (Donglas et al., 1986014 7 A4S ek
DEHP:= 71 8]oll5= OECD 7}o] =8felellA] Xﬂ*lﬁl—: A&
H] D AEA AR ARYES o83 FASAE AT
7} AH A=, CHO, V79 HEZZE o438 44 B4
o] A& (Tomita et al., 1982; Douglas et al, 1986), CHO
M EE o]-g3} Aol M F-A) wEkA 3 (Douglas et al., 1986;
1987), 298] E o] &3t Edwl ol Y
1998), primary rat hepatocyte® ©]-8-3+ Al

Melnick et al.,
(Kawai er al.,

lo

A - e - ARA - 28

tlo

A9 AFAIE Miiller-Tegethoff et al., 1995014 EF
39 AARE e

AR 9] AR FAA T EE ](Clastogen)i’% non-
disjunction 58} =4 o] A2 (aneugen)S G4 2 F-AA
(genome) FFolA A 4= Qe 2hslaME AAH
AlgH o] oH(Fenech et al., 1985; Matsushima et al., 1999;
Kirch-Volders et al, 1997; Miiller-Tegethoff et al., 1995;
Marzin, 1997). A1) 2L AbE D2, AR &
H 2 FE FH AEF 5 wlledt B8 AlEe) H4%
T+ U= AHE A glom, YA centromere probeZ-
ol g3led o)A 7IAE AFE & ol AL /AT A
Migliore et al., 1999). AA 9] AFHAIFL cytochalasin
Bol| oJst M4 Fdut AddH ez AAE 4 gl AlEA
FEGA LA H 2 duE A S LA 2 TR 5 9
‘:} A ZAFD AR A RS M EA F9-2 AAFT -

& AsgEe] g AZARk] F o] EA), 1000708 F
‘511 "ﬂi‘a“’“/‘i 238 38 T 3 A X2 el o
of Hlsled 71E8] G ) A H-L F71delM ] FE2A 0]
A3 oS AT 4 e AlEHeEA, 94 $7I
A 38AE e sl B0 AT At A A
Hledala] F3le S A gl el F
49 AL 7lssht 99 A 250 79 dAE S

¥ mlo

Z¥A] 235l3, modal chrmomosome numberE ZHe R|R|A
Q1 A el ol4HS PBoHA) Hohe DL EST
At

CHL M| %% Chinese hamster lung fibroblast 4| EZA]
Modal chromosome numbers= 25019, M EF7)= 15A|2F
o|ch(Ishidate et al., 1977). EFF WiFHEE of-83F A
A o] A&l A Chinese hamster ovary(CHO) cell, A%
T2y PET9} vlEe] AMAALE 7P o] AR
A3 9l M EFo|t}, CHL AlEoA G4A o)A 32 &
A& 2] = endpointsE H] X, FA3}ZA} 13Tt MCF-
7 AEE A ) fele] MEEA, estrogen receptor
(ERYZ 72 Sl ALz A qloiA, WEuA] Aeh&
2L M 4= 9l E-screen assay(Soto er al, 1995),
glucose-6-phospheate dehydroganase assay 5ol 28451
k. MCF-10A AJE =3t AR 3 frefe] AlE<ld,
estrogen receptors ZFAIA] @ Aoz odEA 4.
estrogen receptor®} AP Fe] AAXE B7) Sls) AR
3tolth. HepG2 cells2 48-54 {AA HHE 71AH,
model chromosome number:= 5231 ©|4A] AFE zh=r}
o] Al¥x ERe] gli= 222 =X Qled, WEvlA 7‘0‘
of &4 <<} FeI3le] human estrogen rececptors
transfectionr]# ERel| &3} 7]% 7o) AM8-E o= 3L 9l



Di(2-ethylhexyl) phthalates] 2|8} =% DNA 445} 43 4] 41

HepGM EE o83 -TASAA B2 A, B 7H A5
W, 5417] DNA @4, Al g -2A) mgh, AR o] A
&, 6-TGr A} EHo|AF Sol TR glom,
g M EZFA kst A RE A8l H3rEAe] faide
g3 Hrbalrledl st FAFA GAE FHo)
(genotoxicity multi-endpoint assessment)ol] A}-8-%] o] ] i1
Siet. =3 HepG2 Ml 22| #8432 vofst 354 |+
o chie] §A s A} B8 /) U9TE WA &
Utk AAE 7R ole AR 2 fele] HlEZA giAb
%S 7R Q7] WEel AR 89 55 o83
AR S AAE e S R e, B
3131220 219] validatione] Helgle) AFA3e] F1, Al
L22] oite] Mt v Al w3t v ASA] HkEAl
< XA B S L 9lo] 7F Fo|Hql EdelEA Y
b tEAS A e -&8lckMigliore er al., 1997).
=3 AR e AEE F oM 2RSS B 9138)
o § F Mz APA, A3 e A EQ] LNCap,
BeWo AIEE o833t}

E Ao Me vfasAd UekEAle] 38 ARl =
A FolA, F5olA, S-S ATHY] 94314 AlA], ICH
FA BETASAANTEE F GYA )RR Jel AMEE 1A
T 9l AlEFQ] CHL M EE ]85l AdxIfe} Aol
F5 S AR sl 24, AR R fPEAlE,
HE, DI, Bt EEL ol 42led 2 B0l S 4t
HE 3} sji 0w, HA, oA 2N S o] 83k H 2R
GAA LA H 2 Fole] ABolS AR IR} sit.
A, WP} dAERA pEAee] AIAlS vl
slglon, GAlA], Bolg o2 Aall3iAde-S Hel MCF-7 A4l
¥ol|X] DEHP2| DNA &5 d7817] #ste] DAl zA
719352 8-S A4kt

¥ d7A3|A DEHPE CHL, HepG2, LNCap,
BeWo A ¥ X S43& Mol ¥bHel| MCF-7AZ A=
Az, FEAEHLE 2SS FTIFE o] A= A
AU 22" (Douglas et al;, 1986) 4t ohJe} primary
rat hepatocyte® ©]8-8F AJA| 9] A3MA|E Miiller-Tegethoff
et al, 1995°lM 27 $A& B Avfel ANk 2+
e, FFAHEY T ZeM= 2SS 2R F3A|
ZAE|H 02 A oM 2B B

4g9] A AdAte] B2 YEZFE o83 M EA
AA|A|Hel M= DEHPE: 24 = oFa) oFAE Hed A
v AAE Bl glu o] R3¢ A=F, <%
] 2] confounding factorr} EjE |z F&= Algo] o
Foizjol & Aoz Aztuloizirt.

=gt o AERA) S8 0} WP S| BALE AT

> e

o> o

}

—_

37] f15te] -8R M EJ] MCE A £} SAA I E2]
MCF-10Ac| 48] £33 445-& v]wsl%ied], DEHPE: ER
349l MCF-7 Al EollA freldsle 23834E S5
.ol A AERA 84 el ol A xo] Zjelof 7]l
3 AR Almdd. 237 EE]A Aol 2R
28713 ge] A 1S st Al A7t 2lEEe]
#oF ghtal ALE St

DNA £4A4E H718l7] $18le] MCF-TH|2E o83 =
A EA7|FAHE Rasisisd, £ Id7AFNA S
vepigdet ol =S} AL 7R EA 2] alkaline
elution WPHoAM S439] AE Bodwl ¥ 1 (Butterworth et
al., 1984)%} Ahikelm ALk B2y NS o) 83t A EAY)
o EA|HA] oFAe] AE Hojvl= W T (Anderson et
al., 1999)%} Y28k Aol .

EPA (7] 37 B3 H)el|A A|A|5}= carcinogen risk
assessement(1996)ell 7] %23t DEHPS] Wt $jsi= =7}
(Doull et al., 1999)llA, o], MEHAAR, Az, A
AN E PAFAE T2 vl A kAl F5e A
A ArEla Qi) vl 5A kAl AREALE o
s, 2RgFA el 7lxsld ZHATE PHE] 913l
o], MEZAAZL Foll gt A77L A& ReP=ojxof
& Aoz Alaxld

o)

.S

1. DEHP> HepG2 Al¥, LNCapHl¥E, Bewor|E, CHL
A ZEZ 0|83t AA| 9] LA HellN A2 AHAE viepligl
29k, MCF-7 M| Zell M= A3 sl

2. DEHP:= AR 928 P28 o] 831 M ARy
A 2N FAANE ABAE Belx] dste

3. DEHPE= SH ZA7|95A el M oFAde] Axs B
At

4. DEHP: o|2E2Al =84 FQl MCF-7 A Eef|A]
Al 23S ST AERAl 44 24
ol MCF-10A04] & F=olA 8= Ao AaE
el

E o)A DEHP: AAEZA 484 kAol A #
Y MCF-7 N ZEoA Eo]Z 22 DNA &AH} AL
vehigict

HAlel =2

B AT AlEe|FEA FREHATL AP AR
o2 Ssigon olo] ZMIER o,
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