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ABSTRACT : Endocrine disruptors have been implicated in carcinogenesis in animal studies, but carcinogenetic
effects on human remain controversial. In order to examine the genotoxicity of two common endocrine disrup-
tors, Bisphenol A and Diethylstilbestrol, cytogenetic endpoints including chromosome aberration (CA), sister
chromatid exchange (SCE), micronuclei (MN) analyses and DNA damage by single cell gel electrophoresis
(SCGE) were assessed. The effects of Bisphenol A and Diethylstilbestrol on the frequencies of CA and MN were
increased in a dose-dependent manner and that of Bispheol A was more significant by Kendall' 1 test. Bisphenol
A’ and Diethylstilbestrol also increased the frequency of SCE. Bisphenol A and Diethylstilbestrol induced DNA
damage in a dose-dependent manner and the DNA damage induced by Diethylstilbestrol in human blood lym-

phocytes was more significant.

Keywords : Bisphenol A, Diethylstilbestrol, Chromosome aberration, Micronuclei, Sister Chromatid
Exchange (SCE), Single Cell Gel Electrophoresis
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317) S8l A= ol AR AE SRR g A
4531 gler] Xl A Bl A3 HY FEA ¢ =
F3E] e Al HuHy qln. vadE AR §E
HA7Z AEel A7) A 9 2YE PIATE Ao
or2)x 9lc}h. Hamster ovary} embryool A GAA o)A
$ub3la] gkl H w5l 9O ii(Ivett er al, 1989;
Tsutsui et al., 1998) GHA o] A4S Fgiele Ak 23
(Hilliard et al., 1998)% 3107 ZAH o2 G| F3 o]
AFe gl dFr) RuE A g oHPleiffer e al.,
1997). =3} 13x%9] v|AHYE Ad 33 o HEFV)7)
NI telomere?] 2]’} ZFolAM DNA adductsS 3
Agete d77F B 95k Roy er al., 1997).

DESE o|AE2AF 7 $27e] 2R8-8- 7} 91342
2 PAE FER 19600 FuE vFA AR A E
FEHo2 o|4d v} ¢Jv}. DESE E-83t JAH-E FE H)
ot RSl = A7) F ik, Aelir2) skt Az
A, A} A3} o] M=t ¥ ysglvl. DESE HZ
T2l 4% A Hill & Wolff, 1983), FAAS] 4
oAb}t A#-S- fbslal(Schnitzler et al, 1994; Fauth et
al., 2000), AFs) v}9-2ol 4] DNA fragmentations- -3}
= 7o o422 9 A 9FBanduhn & Obe, 1985;
Anderson et al., 1997), ARG EA ] A= A2 ARt
H dFA7rs RuE 9icd(Lundgren ef al, 1988;
Chen et al., 1987).
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MZHiY & H|AHE A % diethyistibestrol X2

Abgte] whzgofol H]As|Es AGSIGMA) %= diethyl-
stilbestrol(SIGMA) Z+2H& 0, 10, 20, 50, 100, 300 pM
BT APk 3A17F F Ak o2 2H A3
o}, 10% $eo} A (GIBCO)e] E5HE RPMI 1640 %]

(GIBCO)9l| penicilin, streptomycin, PHA(phytohemagglutinin,
SIGMAYE 71 B8 5% COyt 335 F-27]dA
A A o) Af, A A A 23k 3 sl Wi o) 7t
7] Az+E dEldte wckatgde. wlaslE ASk DES
(diethylstilbestrol)= DMSO(dimethylsulfonate)l| 8313+ ¥
A2 33l AN,

AMFo|A 2N

FAA o)} XS 9siM Al LY viaTE A
%= DES Z47he T E A3k 3A7F ¥l JatE
ghoz 2 AZEIT 10% $Ehot A PHAZE 34
RPMI 164001 48*17F 7} wioksldet. Al 224 3
Al Aell ME wjefol| Colcemid2X 107 M)YS 713}
2 3A)7F Bl AAN(0.075M KCLYS A4 Canoy 34
o} (metanol:acetic acid=3:1y% 23] *2]3l= dubdel v
ol ojsf G F2-S 2PAJsigdc).

Xof A2 H| mEt B4

Perry(1984)°] wllol] Fafl Al dxy o) niass A
= DES 2448 T2 A3l 347 Feoll Akt
Loz 21 AFSI 10% $Eiol YA PHAZL Boi3l
X RPMI 1640¢] 10uM$¢] 5-Bromo-2-deoxyuridineS 3
7}2 A7lsle] 72217 viekaE F A BE-S A
YA RES FAloA HAEAZ] F Fluorescent plus
Giemsa ¥l 2J8} 5 pg/mi®] Hoechest 33258(SIGMA)
2 1387 9481, black light2 1087 ke o
5% Gurr's Giemsa S22 JA3lct. zje) G A w3k
< 7} FEHEE 609 ALE TR sl shiel
A 7 37 GAEA wshl e BAo.
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Singh 5(1988)2] Well £ a3

TxPN T A S 42 F v2dE A =5 DES 44
& xeiz XYL 5% CO7F FFHE 37°C 87
A 327 BRb wioksE F QAREgel o2 23] A3k
Ficoltg- ©]-83}le] FAZ4-E Relslgdc}. Fully frosted slide
glassell 0.6% normal melting agarose gel& 130 W =%
8l 24X50 mm coverslip®Z Gl F 4°CellA 1087
23 oL coverslipS A5k 1 el =72} 0.5%
low melting agarose gel®] EIE 75 wE =43
coverslipS. 2 YolFE F oFA] 4°CollA 1087 &3]3
coverslip& #ANA3 ¥ 0.5% low melting agarose gel 110
WE- =93] M E7} agarose Fol] EBI)=F st o)
o] 22w coverslips AASL EEto| =5 X7 lysis
solution(2.5 M NaCl, 100 mM Na;EDTA, 10 mM Tris
base, 1% N-Lauryl sarcosinate, 1% Triton X-100, pH 10)

o @7} 4°ColA A7 MELS AR 33 2R &
gho]=o] Fob gl AL AARY F £Eel=F electro-

phoretic buffer(300 mM NaOH, 0.1% 8-hydroxyquinoline,
2% DMSO, 10 mM Na,EDTA, pH>12.3)9 A=]slict.
DNA 1=e E=A 317] 98l oF 2087 WAk
bufferE A& £ 719X 22V, 330 mAE A71F5S 2
o F9lxdl o3’ FAL F714H<l DNA 48 7] 9
slod SPAA ZPH ek A1 Fe] Bt F S| =E
Z3)7)7] Y& 04M TrisE 527 33 F3A|z0m,
DNAZ} &ejolBol] AZHEF Aok 147 31 100%
ool 7l Foich FFLE EEfo|=E HAEXA F
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Ethidium bromide(20 pg/ml) 60wl 3 F3 A3}, G2A
filter(515-560 nm®] excitation, 590 nm2| barrier filter)E
o]-83le] 400u)&2 FAslT). & FEoA 60712 HIE
£ F29E Addsle] elu)x] B4 Z=2 77 (Image-Pro
Plus 4.0y% £ DNAY €A EE head FANM tail2
°} DNA 9] o] FAZZ 4315,

AN

1) B]2=ls A9} DESS] Aol W A3 AAE
327] 218 Kendall's T rank testS A]3)3}9ic}.

2) ¥lzols A9} DES®| A GARA 2= 7o) -
¥k #HA = Chi-SquareZ ]88+ Trend test$} paired t-
tests 33l A%,

3) B]2sE A, DESY] %o w2 DNA &AL W)
2131 Mann-Whitney testS A 333}

A7 Zt

MEZMEE

vl2sl=s A, DESE 3217 A3t F AlHsiar, 4847
B¢ F1 ks 98 AESLE SA3 Z3 10, 20, 50,
100, 300 uMelIA AAREE] HI2TE A9l 75 86.0%,
97.7%, 822%, 62.6% X 49.4%= JeRton] DESe| 7
o= 83.7%, 99.4%, 72.2%, 68.3%, 31.7%2 rebgth
(Fig. 1).
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Table 1. The frequency of chromosome aberration in human lymphocytes induced by Bisphenol A

Structural Aberration / 200 cells

Treatment Nz;)glfl tzzns A}’%S"clefsl Is Chromatid type Chromosome type
exchange deletion total exchange deletion total

c 200 2 0 2 2 0 0 0

10 200 3 0 3 3 0 0 0

20 200 5 0 5 5 0 0 0

50 200 4 0 4 4 0 0 0

100 200 4 0 4 4 0 0 0

300 200 10 0 10 10 0 0 0
Kendall's T* 0.060 0.060 0.060
p 0.027 0.027 0.027

*Kendall's T was calculated on cell bases.
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Fig. 1. The Cell survival rate in human lymphocytes after treat-

ment with Bisphenol A and DES for 3 hours (—@-, Bisphe-
nol A; —O-, Diethylstilbestrol).
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B3 o|AS #A3 S gdvH(Table 1). DESHA] 100
uMe] EE7iR]= oAl T i3t Z71E B 4 glole
50 uM o)At A o Bd g Ao} 2 FAAY o)A}
£ £ 4 9l vK(Table 2).
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EL |
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Table 3. The frequency of Sister chromatid exchange in human
lymphocytes induced by Bisphenol A

Dose No. of cells SCE / cell Range
scored (mean+SE.)
control 60 2.55+0.20 0-8
10 uM 60 2.70+£0.20 0-8
20 uM 60 2.88+0.22 0-8
50 uM 60 2.85+0.20 0-8
100 uM 60 3.35+0.24% 1-8
300 uM 60 3.81+0.25%* 1-11

22 test (20.013), p=0.000

*QObserved value is significantly higher than control value. (p<0.05).
**Qbserved value is significantly higher than control value.
(p=0.000).

Table 4. The frequency of Sister chromatid exchange in
human lymphocytes induced by Diethylstilbestrol

No. of cells SCE / cell

Dose scored (mean+S.E.) Range
Control 60 2.55+0.20 0-8
10 uM 60 2.92+0.22 0-8
20 uM 60 2.95+0.22 0-8
50 uM 60 3.00+0.21 0-8
100 uM 60 3.20+£0.25* 0-7
300 uM 60 4.13+0.24** 11

2 test (25.791), p=0.000

*Observed value is significantly higher than control value. (p<0.05).
**Qbserved value is significantly higher than control value.
(p=0.000).

ollA] 2000702) binucleated celld A2 74zt 5, 12,
12, 14, 32, 31°]¢1a, DES9] A-$el: 22 FxolM
200071¢) BNellA 2tz 5, 3, 6, 6, 13, 21°]%tH(Table 5,
Table 6). T3+ B]A9% A9} DESel &3t Aspbge =
AL fofst FHRHAE Hloh

DNA 24 24
Hl2slE A9 DESE 55 223l 33 A2 814

Table 2. The frequency of chromosome aberration in human lymphocytes induced by Diethylstilbestrol

Structural Aberration / 200 cells

Treatment N2531f1 tc:ills Abe;r(;gn:ecileslls / Chromatid type Chromosome type

exchange deletion total exchange deletion total

c 200 2 0 2 2 0 0 0

10 200 4 0 4 4 0 0 0

20 200 4 0 4 4 0 0 0

50 200 4 0 3 3 1 0 1

100 200 4 0 3 3 1 0 1

300 200 6 0 5 5 1 0 1
Kendall's t* 0.031 0.018 0.018 0.039 0.039
p 0.227 0478 0.478 0.127 0.127

*Kendall's 7 was calculated on cell bases.
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Table 5. The frequency of Micronucleus in human lymphocytes induced by Bisphenol A

No. of No. of binucleated cell with MN
Dose binucleated
cells No. of MNCB MN=1 MN=2 MN=3 MN=4 Total No. of MN
0 2,000 4 3 1 0 0 5
10 uyM 2,000 11 10 1 0 0 12
20 uM 2,000 11 10 1 0 0 12
50 uM 2,000 12 10 2 0 0 14
100 uM 2,000 23 17 4 1 1 32
300 uM 2,000 23 18 3 1 1 31
Kendall's t* 0.034 0.044
p 0.000 0.000
*Kendall's ¢ was calculated on cell bases.
Table 6. The frequency of Micronucleus in human lymphocytes induced by Diethylstilbestrol
D No. of No. of binucleated cell with MN
% binucleated cells No. of MNCB  MN=1 MN=2 MN=3 MN=4 _ Total No. of MN
0 2,000 4 3 1 0 0 5
10 uM 2,000 3 3 0 0 0 3
20 uM 2,000 6 6 0 0 0 6
50 uM 2,000 6 6 0 0 0 6
100 uM 2,000 14 14 0 0 0 14
300uM 2,000 14 10 2 1 1 21
Kendall's 1* 0.029 0.036
p 0.001 0.000

*Kendall's T was calculated on cell bases.

Table 7. Induction of DNA damage in human lymphocytes
by Bisphenol A

Tail length (um)

Dose No. of cell -
Mean+tS.E. Median

0 60 16.45+1.41 10.92
10 uM 60 18.62+1.91 12.22
20 uM 60 1897159 . 14.23
50 uM 60 20.85+1.93 13.51
100 pM 60 20.75+1.74 14.77
300 pM 60 29.73£3.11%* 18.62

*Significant at p=0.000 (Mann-Whitney).

Table 8. Induction of DNA damage in human lymphocytes
by DES

Tail length (um)
Dose No. of cell -
Mean+S.E. Median

0 60 16.45+1.41 10.92
10 uM 60 19.73+2.20 11.28
20 uM 60 21.85+1.59%* 17.01
50 uM 60 23.70+1.89** 17.54
100 uM 60 23.28+2.26* 15.21
300 uM 60 31.08+2.15%* 26.89

*Significant at p=0.01 (Mann-Whitney).
**Significant at p=0.000 (Mann-Whitney).
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