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Abstract - Some of synthetic chemicals can act as an endocrine disrupting substance
in higher animals. Dioxins, DDT, PCBs and bisphenol A (BPA) are classified into
endocrine disruptors and are under a strict control in many countries. This research
was designed to compare the clastogenic effects of BPA to those of ionizng radiation to
establish the relaltive effectiveness of BPA by means of Tradescantia micronucleus
assay. For the uptake of the BPA through the stems, groups of fresh cuttings of
Tradescantia BNL 4430 were placed in BPA solutions of 0 to 4 uM for 6 hours under
continuous aeration. The other groups of the cuttings were irradiated with 0 to 0.5 Gy
of gamma-rays. The frequencies of micronucleus showed a positive dose-response
relationship in the range of 0 to 0.5 Gy, and a clear concentration-response relation-
ship in the experimental range of BPA concentrations. By comparing the two experi-
mental results, it is possible to estimate the BPA concentration and its equivalent
radiation dose for a fixed value of MCN frequency. BPA of 11.8 uM can give rise to 53.3
MCN/100 tetrads, which is the same frequency induced by 25 cGy of gamma-rays. It is
of biological importance that clinical symptoms start to develop after a whole body
exposure to radiation higher than 25 cGy. The results indicate that the pollen mother
cells are an excellent biological end-point for toxicity test of suspected endocrine
disrupting chemicals such as bisphenol A, cotylphenol and nonylphenol.
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Fig. 1. Rdiation dose-response relationship of micronucl-
eus frequencies in pollen mother cells of 7. BNL
4430.
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Fig. 2. Bisphenol A concentration-response of micronucl-
eus frequencies in pollen mother cells of 7. BNL
4430.
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Table 1. Radiation dose and bisphenol A concentration
for inducing the same frequencies of micronuclei
in Tradescantia pollen mother cells

Micronucleus Radiation dose

Bispehol A . equivalent to BPA
(uM) (Mé‘ll;?/(il(;?)nt(zf:a ds) concentration Remarks
(cGy)

0.5 5.4 0.68
1.0 7.5 1.8
2.0 11.8 3.9
4.0 20.3 8.2
8.0 37.3 16.9

11.8 53.3 25.0 *)

*) External whole-body exposure dose above which clinical
symptoms can develop



wabed A7l WA kS vepe AE 348

Aehd el A vl AdE) 48 3719@
43k BPA =8 ) w8 AREY 3714 @S
olg3ke] YT Nwo) wAAE et WAl
olo] A-gsl: BPA 558 A4SH: Aol Zheshch =
g w8 foel SleiA] BPAZE 7bXE ghélAdakel
¢ AA mEE Agele Aol Thssteh B9 A}
Ao 1eGy 100 24 GA4AF He 19749 v)4)
#E& fUss T, BPA &9 w29 1mME H
42670¢) FAAE AR AL T 5 AU o 2
Z o] 83t} A aulE Al 1mMe] BPAE W
AP 2.16 cGyell A-g3he S &4E Hdse
AE d 5 st

AFdANuE 24 A&z met AdEdEol
7b B 4 ol7] A LA delHez Ha
£ AAse] mAY AAAEE FASAT 220l
W WAEE A7) ske] vlm APTozr A
Al b 2AL2E o4 on BlaslEele] A
Z2Fo2: BPA §912 AH4% 1% o

qg AYTE ol 44T =R A Aol
B Y Aol SEEE AgHGor] oFae]
33 2H4E A}As}aa I gl olgel Hg
S35 AW AT A

ol @A)elA w]
A go] o 4 MCN/100 tetrads=2. & f
Ao Eec) ke 1% Al 2L 2.33+
Q4T welsl wd AREE Uekison
FXEE AT AYLME A AES] HEF
] 4] A vebde 2 32 wAE AR g4l
2.70£0.7290 4 A3 =2 9.00x1.167}1A1¢] &
SRl odeh ol 22 Aoke Aadel e FAE P
7} GAA o) AlE A=A Z7)}A1ZIv= dFE 3 (Monarca
et al. 1998)8} AR Zeleh. a3y daAz= A7
o w2 Aol Bl Al ot Be ws
Al Zbsof Bk B ATOIME 33] WEE SEE A
YUY F mAd AP E] HRAA ghad

TRHFERS) Ago] 2] T} ADE TP
AeAel we dge nA Aew dhd. et

249 Age QA g Wshe EssT, H
ol EolA T2F H3HE AR HAl 3, Az A
287 A HEe dol

oo
0
=
N
J

2 (% e £

i
rlo
o
% o
-+
o
3
f
i
Rui
L
o

0 X R o2 X o ML M
o i oox o% BN o de 2
\

o

[e)]

N

o o o
)
g
oza

o

ArZA), ©ho]$-4l, PCB, DDT9} 22 7]&9] §7)1947)
3stEAl 3 e o E, vl A o o], Fejid o 5
HolE 53 o] EvtAY i MAI) TAF ] AA|
A2 w9 £44 o] 4EE BAE 9on AR FF
45 Tl Aoz delx ok AR = olwidt
WErA el EA Sl dgt sl Frhuhyg o] nigly
o] SlA kel =3 FEALE S 3l AYS Hsln
et 2 ddEAe o3t Ao JEFgsiA Jepdn
WA et ol FAHoM FAZAEA W3t A
< 223 or|E AT & 4 vk 5A A8 A
EA) vehte W3 == A ZAR dte F)
o EAste AL HAEFH °§fi}% 7}
A3 Alxrt o]HA L vt vk 9 S o] H
3 AR FERAMEE *B%“a‘r%é (biological
end-point) 2.2 o]-&-3led MESHA =g Hrisixn
A Arg 53] H3 75 o|FiAx 9l
o} 2 AFelA YA ERAF NS R ET
UE ¥adE olo|7t A A relA AFEAN N
FRuA 2] vl A osle] A - F=-ubH
A7} 917bsHA el 9l #E]lElgen, goer s
o2 Az EAe] dgt 54 A=Y s8-8
=72 243 £ gloa gseh

\

1

2

gassteds) 9ge nEEE) davde =
s 2Az Aeale Aol delA ek el 24, el
B, 34l R sl ool Fol WpulA gz
2REel 47 AL 9AT FAlsle] FH7
sk & A7 AFEhnl mAY BAEE o gaie]
QA o)A ol slelrle] BPASH uhAbe] A
w348 wzsl] fetel AW FAAE Slsted
AFDrju] 4430 229 AARNE A% vrE =
AE BPA g0 44417t 5 ARSI F718 AA
shich a wAre) A Brkar) Sleld £ A
A9 FAZE Fdol AT AL 0~05Gy7A
A E 2AS e A WslelA wlA e A4
R uremmgml BPA 419
A herisis. ol
A e AN E °l%‘P°4 FU M W=
sl abags wsslE o) FES Y
47} 2, BPA 118uMe WAt 3% AH2A

wehdr] Alsbsls Al 0.25 Gyell AFSSH

A
© T
o] A& fdte Aoz HAHIH & A7

1‘
2

AN %

H
)

W of olN Fﬂ-/

ol
2



Biological effects of BPA and radiation 163

Satod AFDANH FaeAze vadE o o), 40
e wdslE 5 e A geleae) 4
=4e A 4] 24T S Ux AT
le ]

AR, AV, o). 1998, 7)o Ak}
Aehs) el A% AFYAN] $Re) A EED
)| =, 37 A B3 3)A). 16:253-262.

T, AL, 1998 AN Sed LFEAAY F
M2} g RBE. whAdMpel 1817). 23:17-23.
AEA. 1999, R el 2ol HEH AL 33

[owy

NER, A, AR 1997, QA7 2zl & FFAAHA

Cebulska-Wasilewska A, K Rekas and JK Kim. 1999.
Application of TSH biocindicator for studying the bio-
logical efficiency of radiation. Nukleonika. 44:15-30.

Chadwick KH and HP Leenhouts. 1980. The Molecular
Theory of Radiation Action. Springer-Verlag. Heidel-
berg, pp. 92-117.

Conger A. 1964. A simple liquid-culture method of growing
plants. Proc. Florida St. Horticultural Soc. 77:3-6.

Heddle JA. 1973. A rapid in vivo test for chromosome da-
mage. Mut. Res. 18:187-190.

Grant WF. 1999. Higher plant bioassays for the detection
of chromosomal aberrations and gene mutations-a
brief historical background on their use for screening
and monitoring environmental chemicals. Mut. Res.
426:107-112.

Kim JK et al. 1995. Biological Monitoring of Radiation
using Indicator Plants, KAERI/RR-1583/95, Korea
Atomic Energy Research Institute.

Kim JK, HS Song and SH Hyun. 1999. Dose-response
relationship of micronucleus frequency in pollen mo-
ther cells of Tradescantia, J. Kor. Assoc. Radiat. Prot.
24:187-192.

Kong MS and TH Ma. 1999. Genotoxicity of contaminated
soil and shallow well water detected by plant bicassay.
Mut. Res. 426:221-228.

Krishnan AV, P Starhis, SF Permuth, L. Tokes and D

Feldman. 1993. Bisphenol A; on estrogenic substance is
released from polycarbonate flasks during autoclaving.
Endocrine. 132:2279-2286.

Ma TH. 1979. Micronuclei induced by X-rays and chemical
mutagens in meiotic pollen mother cells of Tradescan-
tia-A promising mutagen test system. Mut. Res. 64:
307-313.

Ma TH. 1981. Tradescantia micronucleus bicassay and
pollen tube chromatid aberration test for in sitfu moni-
toring and mutagen screening. Environ. Health Pro-
spect. 37:85-90.

Ma TH. 1999. The international program on plant bioas-
says and the report of the follow-up study after the
hands-on workshop in China, Mut. Res. 426:103-106.

Ma TH, GJ Kentos, Jr. and VA Anderson. 1980. Stage
sensitivity and dose response of meiotic chromosomes
of pollen mother cells of Tradescantia to X-rays. Envi-
ron. Exp. Bot. 20:169-174.

Ma TH and KB Mohammed. 1999. Tradescantia-micro-
nucleus and -stamen hair mutation assays on geno-
toxicity of gaseous and liquid forms of pesticides. Mut.
Res. 426:193-199.

Monarca S, A Zanardini, D Feretti, A Dalmiclio, E Falis-
tocco, P Manica and G Nardi. 1998. Mutagenicity of ex-
tracts of lake drinking water treatde with different di-
sinfectants in bacterial and plant tests. Wat. Res. 32:
2689-2695.

Miiller WU and C Streffer. 1991. Biological indicators for
radiation damage. Int. J. Radiat. Biol. 59:863-873.

Sadowska A, E Pluygers, M Narkiewicz, A Pawelczak and
B Lata. 1994. Environmental genotoxicity and cancer
risk in humans: a combined evaluation correlating the
results of the Tradescantia micronucleus assay in the
field and human biomarker assessments in serum I.
The TRAD-MCN assay. Eur. J. Cancer Prev. Jar. 3:69
-78.

Savage JRK and DG Papworth. 1998. An investigation of
LET ‘“finger-prints’ in Tradescantia. Mut. Res. 422:
313-322.

Sax K. 1938. Chromosome aberrations induced by X-rays.
Genetics 23:494-516.

Steffensen D. 1955. Breakage of chromosomes in Trade-
scantia with a calcium deficiency. Proc. Nat. Acad. Sci.
41:155-160.

Steffensen D. 1953. Induction of chromosome breakage at
meiosis by a magnecium deficiency in Tradescantia.
Proc. Nat. Acad. Sci. 39:613-620.

Taylor JH. 1950. The duration of differentiation in excise
anthers. Am. J. Bot. 37:137-140.

Tubiana M, J Dutreix and A Wambersie. 1990. Introduc-



164 NsA - SEY - HYE - 0lTE - TR

tion to Radiobiology. Taylor & Francis. London, pp. Xu Z and TH Ma. 1998. Clastogenecity of formaldehyde
301-303. fumes and X-rays evaluated by the Tradescantia-mi-
Wang S and X Wang. 1999. The Tradescantia—micronu- cronucleus assay. Environ. Exp. Bot. 39:169-175.

cleus test on the genotoxicity of UV-B radiation. Mut.
Res. 426:151-153. (Received 25 April 2002, accepted 15 May 2002)



