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Abstract:

As the last year’s project, we have detected high incidence of TBT induced
mutations in the gonad DNA but not liver DNA of the rat pups born from the mothers
orally treated with TBT at 0, 4, 8, and 16mg/kg for 4 days from GDO to GD4 or those
treated with MMS at 50mg/kg for the same periods. Wistar Imamichi inbred strain
was selected as the rat with even genetical background so that it may possible to
detect induced mutations in the microsatellite marker assisted PCR amplification if
existed. The detected mutation incidence was too high to confirm if it happened truly.

This year, we tried the same protocol in cases of control, TBT 16mg/kg and MMS
50mg/kg groups to obtain further DNA samples. This year and the last year samples
were carefully analyzed on the electrophoresis patterns of the microsatellite assisted
DNA amplification.

Improved experimental conditions included dialysis of the DNA sample prior to
PCR and revealed no convinced mutations in the gonad DNA samples assessed by the
selected microsatellite markers, which represented 1 marker per 1 chromosome basis
and 20 markers in total.

In conclusion, definite evidence that maternally treated TBT caused genetically
transmissible mutations in the gonad of the rat weanlings was not obtained. Further
basic approaches on such possibility would be needed to detect the origin of the
recessively inherited mutations in animal populations including humans.
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Bisphenol A (BPA) flutamide (Flu)

BPA
E: E:B BPA Flu

di-(2-ethylhexyl) phthalate (DEHP)

di-(n-butyl)
phthalate (DBP)
TM4 in vitro
DEHP mono-(2-ethylhexyl) phthalate
(MEHP)
)
)
( )
)
( )
bisphenol A (BPA)
BPA
BPA
androgen receptor antagonist flutamide (Flu)
(PAESs) di-(2-ethylhexyl) phthalate (DEHP), di-(n-butyl)phthalate
(DBP)
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™4

Flu
DEHP
p38

( 1

(  1IB) BPA

E2 (Sigma, St Louis) Flu (Sigma, St Louis) DEHP
dimethyl sulphoxide (DMSO)(Sigma,

PAE
PAE in vivo
mono-(2-ethylhexyl) phthalate (MEHP)
in vivo in vitro 1.
2. invitro
a)
14 I \%
I: ( 1A)
1: 17 B-estradiol (E2) p-estradiol 3-benzoate (E2B)
HI: Flu
1V: Tam BPA
V. DBP DEHP
| Vv 2 6
b)
BPA (Aldrich, Milwaukee)
(Aldrich, Milwaukee) DBP( )
St. Louis) ( )(BPA

(Sigma, St Louis) (DEHP DBP Flu)
(Sigma, St Louis)

c)
ICR
( 1A " v V)
6 1
) 5 6
)
1A BPA 0.1, 1, 10, 100, 600,
1,5, 10 ( ng/ 1)
1B BPA 0.1, 1, 10, 100, 1000,
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E2)
Tam (Sigma, St Louis) E2B
10
1
( IB
0.05, 0.1,
0.01,0.1, 1,



10, 100 ( wg!/ 1)

I E., E2B 0.1, 1, 10,
6.4 ( wg /1)
11 v Flu, DBP, DEHP
500, 5000 ( wg!/ 1)
v Tam + BPA
wg/ 1)
2 6

No Observed Effect Levels (NOELS)

e)
3
PBS
f)
v
(Dako, Denmark)
9)
LH FSH
(TRFIA)
h)
I \%

( 10 30 )
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0.4,0.6,0.8, 1,6, 3.2,
E2B 11

0.5, 5, 50,

20 + 20, 20 + 10, 10 + 10 (

10

15 12



2. in vitro

a)
TM4  American Type Culture Collection (ATCC)
(MEHP ( ), 10 uM, 100 uM; DEHP, 100 uM; Flu, 50 uM)
DMSO 2 DMSO
PBS IEF lysis buffer (8 M urea, 2 %
CHAPS, 40 mM Tris, 1 mM PMSF, 1mM NazVOa) SDS

sample buffer (50 mM Tris-HCI, pH6.8, 2 % SDS, 10 % glycerol)
15,000 rpm 20

DC (Bio-Rad)
b)
Immobiline dry strip (pH 3-10; Amersham)
40 ug ( ) 8 ng ( )
10% SDS-PAGE 2D- 1
( )
PVDF 1 % BSA
HRP (ECL ;
Amersham) 1 ECL Plus (Amersham)
C) N
p38
p38 DES TM4
Protein G-Sepharose (Amersham)
Protein G-Sepharose SDS-PAGE
PVDF
38 kDa N
C.
a) BPA E: E:B Flu

(1)
BPA E. E2B Flu
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( BPA
Ez E2B Flu )
4 3 I V
(12
E: E2B BPA Flu Tam
DEHP DES 7
(2)
(BPA E2 E2B)
23
6 ( 3
8 ( 4 6,8,20)
BPA lug/ / 0.1pg/ / E2
E2B lug / / 0.6ug / /
(
10) 23
9 7 19 14
9 8
E2B Blanco-Rodriguez and Martinez-Garcia (1996)
2 10
2 10
( 4,6, 20)
( ) ( 11)
(3)
2 3
( 0 24 0 20
) BPA
lug/ / 0.1ug/ / Flu 0.5ug / /
9
15 12
3/4
BPA E: E:B Flu 20

100



IA BPA
4470.120+424.227
607.435£152.049 pg/mL

1.350+0.114 pg/mL
(4)

pg/ mL
P<0.05
1.240+0.311 pg/mL

(0.1 pg / /

( 15 12 )
C )
23 13
E> E2B
2 3
E: E:B
12.5ng/ /
b) Tam BPA
Tam BPA ( 1V) Tam
Tam
2 4
( 12) « 4 )
( 13 15) 12
Tam BPA
1 8
Tam
5
BPA
BPA Tam
/ + BPA 10 ug / /
c) DBP DEHP
DBP DEHP ( V)
Flu DEHP
( ) 10
1 ( 17)
10
( 18) DEHP
DBP
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BPA E:

FSH

500ng/ [/

BPA
Tam

Tam

Tam 10 pg /

E-B

( 16)



in vitro

a) p38
38 kDa N 7
b)
MEHP DEHP
p38 MEHP DEHP
( 22 140 kDa ( 22 )
DEHP MEHP Flu
MEHP
c) ( )
23 MEHP Flu
MEHP Flu (a, b, d) MEHP
(c) Flu (e)
11 12 DES
4 4
E2B 7
13 E> E2B E>
E-B tributyltin chloride,
nonylphenol, 4-octylphenol, Tam, BPA
DES Tam, BPA Tam
DES DES 4 Tam
2 Tam
BPA E: E:2B
BPA
BPA (Cagen et al, 19994, b
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Ashby et al, 1999) BPA

BPA E:2 E:2B
DES DES

14 BPA BPA

BPA

BPA E> E:2B
E> E:2B E2B

11
13 | 1| BPA E>
E-B BPA
BPA

(Dodds and Lawson, 1936; Bitman and Cecil, 1970; Krishnan et al, 1993; Gaido et al,
1997; Kuiper et al, 1997; Steinmetz et al, 1997, 1998; Ashby and Tinwell, 1998;
Milligan et al, 1998; Berganon et al, 1999; Schafer et al, 1999; Papaconstantinou et al,
2000; Tinwell et al, 2000)

BPA
( 15 12 )
BPA
1
BPA
1A 8
7 1
FSH
I Flu BPA E: E2B
Flu
Flu androgen receptor antagonist (Neri et al, 1979)
E: E:2B
Flu Flu O’Connor et al (1998)
Miyata et al (2002) Flu
BPA
Flu
NOEL E>- E2B
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Flu
BPA

1 50 ug

BPA

BPA

BPA 1 kg
( 5 )
BPA 1 1 kg 3.3
( 3)
BPA
BPA
BPA
BPA 0.32 2.4ng/mL

(Inoue et al, 2000; Ikezuki et al, 2002)

8.3 ng/ mL (Ikezuki et al, 2002)
BPA
BPA
BPA E: E:B Flu ( 19
(Fawcett et al, 1971)
spermiation (Brokelmann, 1963; Nicander,
1967) (Russell et al, 1988; Vogl et al, 2000)
spermiation ( ) (Vitale-Calpe and Burgos, 1970)
BPA E: E2B Flu
Fawcett et al (1971)
BPA E: E2B Flu
BPA E: E2B Flu 11
20
10
BPA (Fung et al., 2000; Vélkel et al., 2002)
10 20
BPA BPA
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BPA E: E2B Flu

( 21)
3 18
DES
4 1
DES BPA Tam DES
Tam BPA Tam DES
Tam BPA DES BPA
DES Tam
BPA
Tam BPA
DEHP
(Hazleton Biotechnology Co. 1992a, b; Poon et al. 1997)
DEHP
DEHP
(
)
C
Flu DEHP BPA NOEL 50 ng
100 ng/ / ( 2) E2B
NOEL 6.25ng 12.5ng/ / NOEL
BPA
E2B 10 1 BPA E: 10000 15000 1
Gaido et al, 1997; Nagel et al, 1997; Milligan et al, 1998)
BPA 3
1 3 1
NOEL
NOEL BPA Flu E: E2B

BPA E: E:B Flu DEHP DES
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in vitro
DES
(p38)

22

(p140)
DEHP

TM4

BPA Flu

BPA
E> E:2B

DEHP
MEHP

p140
DES
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38 kDa
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