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B-estradiol 3-benzoate, 17B—estradiol

(nonylphenol, 4-octylphenol)
tributyltin
bisphenol A
tributyltin
bisphenol A B-estradiol 3-benzoate, 17p—estradiol

bisphenol A
bisphenol A
1,000 1 invivo

-estradiol 3-benzoate, 17p-estradiol  bisphenol A
diethylstilbestrol (DES)

tamoxifen
antagonist agonist DES
DES  tamoxifen
DES Leydig cell
TM4  DES 38kDa
(p38) DES
p38 bisphenol A B-estradiol 3-benzoate,
17p—estradiol tributyltin p38



diethylstilbestrol (DES)

A DES
B.
A
bisphenol A
B-estradiol 3-benzoate, 17p—estradiol, DES
(spermatid)

A

ICR Wistar



A —estradiol 3-benzoate Sigma, St.Louis, Mo.
6.25ng 12.5ng 125ng 625ng 1.25ug

B B—estradiol 3-benzoate

500ng A

C 17p—estradiol Sigma

500ng A

D) bisphenol A Aldrich, Milwaukee, Wis.

lpg 10pug 100ug 600ug A

A tributyltin (1V) chloride
0.72ng 72ng 0.24pg 0.72pg I A
0.24ug 0.72ug
B nonylphenol, tech. Aldrich
0.56ug A
C 4-octylphenol Aldrich
600ug A
11
A tamoxifen Sigma, St.Louis, Mo.

2pg  10pug 20pg  80pg

B tamoxifen DES Sigma, St.Louis, Mo.

6009

tamoxifen 2ug + DES 10ug tamoxifen 10ug + DES 10ug tamoxifen 20ug + DES 10ug

C tamoxifen
tamoxifen 20ug DES 10ug
v
tamoxifen tamoxifen DES
tamoxifen 2ug tamoxifen 8ug
2ug + DES 1ug tamoxifen 1ug + DES 0.5ug
2. in vitro
DES
Sertoli
in vivo Sertoli
Sertoli
DES, A

DES

Leydig

tamoxifen



™4
T™M3 ATCC

diethylstilbestrol (DES): Sigma D4628, F.W. 268.4

tamoxifen (TAM): Sigma T9262, F.W. 563.6

17 B-estradiol (E2): Sigma E2758, F.W.272.4

B-estradiol 3-benzoate (E2B): Sigma E8515, F.W. 376.5

bisphenol A (BPA): Aldrich 23,965-8, F.W.228.29

nonylphenol (NOP): Aldrich 29,085-8, F.W. 220.36, d:0.937
4-octylphenol (OCP): Aldrich 38.444-5, F.W.206.33

tributyltin(1V) chloride (TBT): Wako 208-08983, F.W. 325.51, d:1.200

DMSO DMSO
PBS IEF lysis
buffer (8M urea, 2% CHAPS, 40mM Tris, 1mM PMSF, 1mM Na,VO,)
SDS sample buffer (50mM Tris-HCI, pH6.8, 2% SDS, 10% glycerol)

Western blot
Immobiline dry strip (pH3-10; Amersham)

40ug 10%
SDS-PAGE PVDF 1% BSA
HRP ECL ;
Amersham ECL Plus (Amersham)
SDS-PAGE
i) Triton X-100
™4 1% Triton X-100 buffer Triton
p38 Western Blot
ii)
™4 25009
15,0009 15
Western Blot
( )

DES A



A
|
B-estradiol 3-benzoate, 17 B-estradiol bisphenol A
[A B C D ]

first wave
50% second wave third wave

30%, 10%
@ 2

€))
A 6.25ng D lug

B-estradiol 3-benzoate, 17 B-estradiol, bisphenol A

(1
tributyltin (1V) chloride nonylphenol octylphenol
tributyltin (1V) chloride
tributyltin (1V) chloride

/
11
tamoxifen 20ug
spermiation
spermiation
tamoxifen tamoxifen
estrogen agonist antagonist
DES agonist tamoxifen 10ug
tamoxifen  DES Leydig cells
Leydig cells Leydig cells
Leydig cells
tamoxifen tamoxifen 2ug + DES
10ung
Alcian blue
Safranin
DES 10ug
tamoxifen
v
tamoxifen



tamoxifen  DES
Leydig cells

2. in vitro
DES
TM4  DES  100ng/ml control
38kDa pl 5.9 (p38) A,B

TM3 DES p38
TM4  100ng/ml DES 1

DES TAM
p38 TM3  Tm4 DES 100ng/ml TAM 100ng/ml  DES+TAM
100ng/mI+100ng/ml ™3 TM4 DES
TAM DES TAM p38
DES
T™M3  Tm4 DES
DES TAM
TAM control
DES TAM DES+TAM T™M3 TM4  FITC
control
DES
p38 TM4 DES  100ng/ml DES
p38 DES DES  100ng/ml DES
p38 10 DES
TM4 DES  100ng/ml DES DES
control

17 B -estradiol (E2): 10ng/ml, 3 days
B-estradiol 3-benzoate (E2B): 10ng/ml, 3 days
bisphenol A (BPA): 0.5upg/ml, 7 days
4-octylphenol (OCP): 24ug/ml, 5 days

nonylphenol (NOP): 2.3ng/ml, 5 days 22 .5ng/ml )
tributyltin(1V) chloride (TBT): 0.029ng/ml, 4 days 28.8ng/ml 0.29ng/ml
™4 Western Blot
p38 5A,C
p38
DES  100ng/ml ™4 Western blot
Triton Triton p38
p38 p38
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p38 ERK1/2

Src/Shc/ERK
Koustei et al., Cell, 104:719-730, 2001 MAP
ERK1 44kDa  ERK2 42kDa DES
p38 ERK1/2 ERK1/2 Santa Cruz; sc-93
Western Blot p38  ERK1/2
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-estradiol 3-benzoate

p

500ng/

C
.C
Scale bars, 1 um.

B-estradiol 3-benzoate
D
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10 pg/

bisphenol A

Scale bars, 100 um.

bisphenol A

10 ng/

bisphenol A

Scale bars, 1 um.
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Bisphenol A estradiol

kDa Agidic [+) Basic {-)
175 = — — —
B3 = - -

. LY
62 = ‘
47 .5— " !

r 4
- -
A2.5=
(A) Control (B) DES (C) Bisphenol A
TM4  DES bisphenol A

DES bisphenol A 38kD
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TM4  DES 10 pg/L
A. B. DES DES
Scale bars, 1 um.
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DES B—estradiol 3-benzoate
DES
Toyama et al., J. Andrology, 22:413-423, 2001 DES
pB—estradiol 3-benzoate

DES
B—estradiol 3-benzoate 17p—estradiol DES
DES
DES estradiol, bisphenol A
DES

ERRP (estrogen-receptor-related receptorp)

(Tremblay et al., Genes and Development,
15:833-838, 2001) DES estradiol,

bisphenol A

pB-estradiol 3-benzoate
B—estradiol 3-benzoate 20ug/Kg

Toyama et al., Molecular and Cellular Endocrinology, 178:161-168, 2001

/10
estradiol
estradiol (spermatogonia)
B—estradiol 3-benzoate
DES
2001 12

17p-estradiol B-estradiol 3-benzoate

bisphenol A B-estradiol 3-benzoate
bisphenol A Haubruge et
al., Proceedings of Royal Society of London B, 267:2333-2337, 2000
(vom Saal et al., Toxicol Ind Health,
14:239-260, 1998) Fisher et al., Environmental Health
Perspectives, 107:397-405, 1999; Cagen et al ., Regulatory Toxicology and Pharmacology,
30:130-139, 1999; Atanassova et al., Endocrinology, 141:3898-3907, 2000
(Nature, news 395: 828, 1998) vom Saal
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bisphenol A 20%

bisphenol A

bisphenol A

bisphenol A

bisphenol A

10ng B-estradiol
3-benzoate 10ug bisphenol A
/10 in vivo bisphenol A
p—estradiol 3-benzoate /100 bisphenol A
estradiol 1,000 1 10,000 1 in vivo

bisphenol A
bisphenol A

bisphenol A, B-estradiol 3-benzoate,
17p-estradiol

4)
bisphenol A, B-estradiol 3-benzoate, 17B-estradiol
5
tamoxifen DES
tamoxifen DES

tamoxifen DES
Leydig cells

6)
DES 17B-estradiol
B-estradiol 3-benzoate 500ug
Gaytan et al. J. Andrology, 10 :351-358. 1989
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2.

in vitro

DES

Western Blot

DES
DES

DES TV4
invivo
p38 MAP kinase
38kD

p38

™4

p38

™4

38kDa

M4
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Study on the molecular and cell biological mechanisms of defective spermatogenesis
caused by endocrine disruptors

Shigeki Yuasa

Professor, Chiba University, Graduate School of Medicine, Department of Anatomy and

Developmental Biology

Key Words: endocrine disruptors, estradiol, bisphenol A, DES, spermatogenesis,

Sertoli cells, tyrosine phosphorylation

Abstract:

It has been suggested that the exposure to estrogenic substances during the
testicular development has been considered as one of the causes of the defective
spermatogenesis related to endocrine disruptors. However, the effect of estrogens
on the testicular development has little been elucidated. In the present study, we
have made 1t clear that administration of B-estradiol 3-benzoate or 17@-estradiol
at the neonatal stage of rodents frequently causes the specific morphological
abnormalities of spermatids such as acrosomal deformity, nuclear deformity and the
defects in the adhesive structures between spermatids and Sertoli cells later at the
stage of spermatogenic cell maturation. Based on the mechanisms of spermatogenic
defects by these model chemicals, alkylphenol (nonylphenol, 4-octylphenol) with high
affinty for estrogen receptor, tributyltin with low affinity, and bisphenol A which
shows high affinity but has little information about the effect on spermatogenesis,
were extensively examined in regard to the effects on the testicular development

following neonatal exposure. It became clear that neither alkylphenol nor tributyltin
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showed clear effect on the testicular development. In contrast, bisphenol A caused
clear defects such as morphological abnormalities in the spermatids and also in the
adhesion structures between spermatids and Sertoli cells later at the stage of
spermatogenic maturation, similarly as observed in the case of B-estradiol 3-benzoate
or 17p-estradiol administration. The limited period of bisphenol A-administration
between postnatal day 5 to 1lwas critical to these defects.

The effect of p-estradiol 3-benzoate, 17B-estradiol and bisphenol A was
detected on the testicular developmental stage of germ cell maturation, and was
different from the effect of diethylstilbestrol (DES) which has also strong estrogenic
activity and cause the delay of the progression of meiosis. Specialized junctional
complex of Sertoli cells was defective in all the cases of the administration of these
chemicals, and al least one of the common point of action is considered to be directed
to Sertoli cells, which support the overall process of spermatogenic cell
differentiation. Furthermore, tamoxifen has both antagonistic and weak agonistic
activity to estrogen receptor, and exhibited weak DES-like activity on the testicular
development. Remarkably, combined administration of DES and tamoxifen at the low dose
which shows little effect individually exhibited enhanced DES-like action and
remarkably inhibited the development of Leydig cells.

A Sertoli cell line, TM4 exhibits morphological change and enhanced tyrosine
phosphorylation of a specific protein with the molecular weight 38kD (p38) following
the exposure to DES. Morphological change was recovered after withdrawal of DES, but
the tyrosine phosphorylation of p38 continued even in the absence of DES. Furthermore,
all of bisphenol A, estradiols, alkylphenol and tributyltin also enhanced tyrosine

phosphorylation of p38.
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Above findings suggested that many of the candidates of endocrine disruptors
exert the influences on the development of spermatogenic cells through the action
on the Sertoli cells. Each of these chemicals is considered to have specific harmful
actions on the spermatogenic cells of various developmental stages according to
various parameters such as estrogen receptor binding or actions on the various
intracellular signal transduction systems in the downstream of receptor binding. It
should be especially noticed that the combination of low dose of individual chemical

occasionally exhibit cumulative effect and the harmful action is enhanced.
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(DEHP)

DEHP
Lipase-mRNA Lipase-mRNA
DEHP DEHP
MEHP
UDPglucuronyltransferase 1A, 2B A
DEHP
A DEHP
ADH ALDH ADH
DEHP
ALDH DEHP
PPARalpha-mRNA
DEHP mRNA
A.
di(2-ethylhexyl)phthalate DEHP CAS-No. 117-81-7 0-
=390.56 PVC 10 60
w/w 8
DEHP
mono(2-ethylhexyl)phthalate MEHP MEHP
w w-1 B-
DEHP 2-EH
2-
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peroxisome proliferators-activated receptor alpha

(PPARalpha)
M
DEHP PPARalpha
PPARalpha

B.
1

DEHP /

RNA RNAlater
CD-1 8 SD

10 , DEHP
(2.5mmol/kg) DEHP 14 16
2 RNA cDNA

QIAGEN RNAlater -20
RNA  QIAGEN Rneasy Mini Kit QIAGEN Rnase-Free Dnase set DNA
free  RNA cDNA Invitrogen life technology SuperScript First-Strand
Synthesis System for RT-PCR Kit Oligo(dT) .18
3 Lipase PPARalpha—mRNA
Gl
mRNA PE
Biosystems Primer Express version 1.0 GAPDH  PE Biosystems
Lipase PE Biosystems SYBR green PCR Master Mix SYBR Green |
PPAR-alpha GAPDH PE Biosystems TagMan Universal PCR Master Mix
TagMan probe 100nM 200nM  PCR
PPAR-alpha TagMan probe FAM, TAMURA

GAPDH TagMan probe VIC, TAMURA
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Quantitative real time-PCR

Invitrogen life technology
2.6ng

GAPDH
PPARalpha/GAPDH

100

PE Biosystems ABI PRISM 7700 Sequence Detection System
Rromega pGEM -T Easy vector
pCR2.1 vector RNA
8.6ng 7.6ng 3.0ng 2.0ng
DEHP lipase
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Lipase
Gl 6981167
CTGAAAGTGAGAACATTCCCTTCA
CCGTGTAAATCAAGAAGGAGTAGGTT
Gl 6678709
TGGATGAGCGACTCCTACTTCA
CGGATCCTCTCGATGACGAA

CCATGGCTGGACGGTAACA
AGCCAGTCCACCACGATGA

PPARalpha
Gl 6981381
ATGGAGTCCACGCATGTGAAG
ACGCCAGCTTTAGCCGAAT
Taq Man probe
CTGCAAGGGCTTCTTTCGGCGAAC
Gl 7106384
TTTCCCTGTTTGTGGCTGCTA
CCCTCCTGCAACTTCTCAATG
Taq Man probe
AATTTGCTGTGGAGATCGGCCTGG

CCTGAAAAGCCTGAGGAAACC
TGAACTTCATGGCAAAAGCAA

Taq Man probe
TTCTGCGACATCATGGAGCCCAAG

GAPDH

PE Biosystems TagMan Rodent GAPDH Control Reagents
TGGTGATGGGATTTCCATTGA
ATGATTCCACCCATGGCAAA

Taq Man probe
CCCGTTCTCAGCCTTGACAGTGCC
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EBSS (Earle's Balanced SoltSolution, Sigma)
collagenase (Wako , 1mg/ml ) , hyaruronidase (Sigma, 1mg/ml),

BSA (Sigma,1mg/ml) 25mM HEPES buffer (Naquarai.; 20ml )
(20min;80cycle/min; 34C) 0.07%BSA EBSS
40ml (250% g; 5min) 0.07%BSA
EBSS 3ml Percoll (800% g; 20min) 2
3 EBSS (Earle’s Balanced Solt
5-50% (density 1.050-1.070g/ml)
3 B-hydroxysteroid dehydrogenase (Steinberger ;1966) 80%
3 B-hydroxysteroiddehydrogenase
RNAlater
MEHP
Sjoberg Biochem Pharmacol 1991, 41, 1493-1496 HPLC
UDPglucuronyltrasferase 1A 1- INA UDPglucuronyltrasferase
2B A (BPA)
HPLC Biochem. Journal 1999 340, 405-409
ADH ALDH
4 (0.25 M sucrose-50 mM
Tris, pH 7.40, 0.1 mM DTT) 800g 15
12,0009 15
1 0 10 3
Bradford
-80
ADH Iml 180 mM -60 mM (pH9.0), 1 mM
semicarbazide, 1 mM GSH, 1 mM NAD®, 100 mg
3 10mM 2-ethylhexanol
2-EH 2-phenoxyethanol 2-POET 340 nm
90 e=6220M"'cm™ NADH
ALDH 1ml 70 mM (pH8.5), 1 mM pyrazole, 1 mM
NAD', 100 mg
3 10 mM 2-ethylhexanal
3-phenylpropionaldehyde 340 nm
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120 e=6220M* cm™ NADH

DEHP

lipasemRNA 100
(1 lipase-mRNA
DEHP

DEHP lipase-mRNA
DEHP
lipase-mRNA
lipase-mRNA DEHP

lipase-mRNA

lipase-mRNA

MRNA -
lipase-mRNA DEHP

3 MEHP

0.05) INA
= > = INA
INA

DEHP
p<0.01  0.05)

DEHP
DEHP
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BPA

BPA
BPA
INA BPA DEHP
4 ADH
DEHP 2-EH ADH 3
DEHP Table 2
2-POET
DEHP
5 ALDH
Table 3 ALDH 2-ethylhexanal
DEHP
-phenylpropionaldehyde
DEHP
2-ethylhexanal ALDH
-phenylpropionaldehyde ALDH
DEHP
6 PPARalpha-mRNA
3 PPARalpha-mRNA
100 DEHP

PPARalpha-mRNA
PPARalpha-mRNA
DEHP PPARalpha-mRNA -
PPARalpha-mRNA  DEHP

7 PPARalpha-mRNA
PPARalpha-mRNA DEHP
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lipase >
1 mRNA 100 DEHP
lipase- RNA/GAPDH
0.2140 0.1188 0.0020
lipase-mRNA lipase
lipase-mRNA 8.2108 7.4351 1.4752
0.2140 4.9841 0.2517 0.2407 0.1188
0.0033 0.0049 0.0020
lipase-mRNA
DEHP
lipase- RNA DEHP lipase
lipase- RNA DEHP MEHP
DEHP in vitro
2 MEHP
MEHP
in vitro Drug Metb. Disp. 2001,29, 1084-1087)
DBP MBP
MEHP
INA BPA INA BPA
UDPglucuronyltrasferase 1A 2B
UDPglucuronyltrasferase 1A  2Bf
DEHP
lipase
UDPglucuronyltrasferase B
DEHP B
DEHP UDPglucuronyltrasferase

UGT
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ADH, ALDH

DEHP ADH ALDH
MEHP
ADH
POEH
ALDH
ADH
2-phenoxyethanal
DEHP
PPARalpha
DEHP PPARalpha
EH
DEHP
PPARalpha/GAPDH m
RNA
PPARalpha
CYP4A
E.
DEHP DEHP
m
PPARalpha
DEHP
lipase
DEHP

MEHP EH
POEH
EH)
DEHP 2-ethylhexanal
MEHP
2-ethylhexanal ALDH
ADH,ALDH
MEHP
EHA PPARalpha
Lipase
PPARalpha-mRNA
PPARalpha
DEHP PPARalpha
PPARalpha
PPARalpha
CYP4A
PPARalpha DEHP MEHP
lipase
DEHP
DEHP
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PPARalpha-mRNA
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Differences among mouse. rat and marmoset in the metabolism of

di(2-ethylhexyl)phthalate in several organs

Tamie Nasu-Nakajima, Nagoya University Graduate School of Medicine, Professor

Key words: di(2-ethylhexyl)phthalate, mouse, rat, marmoset, lipase,

UDP-glucuronyltransferase, alcohol dehydrogenase, aldehyde dehydrogenase,
PPARalpha

Abstract:

Differences among mouse, rat and marmoset in the metabolism of

di(2-ethylhexyl)phthalate in liver, kidney, lung, small intestine or testis were

investigated.

1)

2)

3)

4)

Lipase-mRNA was detected in all organs except in liver from marmoset: clear
differences were seen in the content and induction by DEHP among species; the
content in liver from marmoset was under detection limit; the induction by DEHP
was seen only in the liver from rat.

The activity of UDP-glucuronyltransferases (UGT) were detected several organs
when used 1-naphthol, model substrate of UGT 1A family, and bisphenol A, model
substrate of UGT 2B family, but not mono(2-ethylhexyl)phthalate. Species
differences were also seen in the activity and induction of UGT by DEHP. The
activity of bisphenol A was highest in liver from marmoset. DEHP induced UGT
activity for 1-naphthol only in liver form mouse and rat.

Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) activities were
also different among species. ADH activity was highest in liver from marmoset; the
induction by DEHP was only seen in the liver from rat. Substrate-dependent
species differences were seen in the activity of ALDH: ALDH activity was higher in
liver from rat or marmoset than that from mouse; the induction by DEHP was seen
in liver from rat and mouse when used low molecular aldehyde as a substrate.
Peroxisome proliferators-activated receptor alpha (PPARalpha) level was different
among species: the content was lowest in all organs from marmoset. The induction
by DEHP treatment was seen only in the liver from mice and rats.
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(EB) (DES) A (BPA)
(DDE) (1 ng/kg
-1 mg/kg ) DES 100 ng/kg
BPA
4-40 p g/kg
(EE) EB
EB
Fas/Fas EB DES BPA
DES  DDE Fas
Bax
BPA Bax Bcl-2
ERa ERB
o Leydig
ERB Leydig
ERa
(ERKO)
DES ERB
ERB
A.
SPEED"98
70
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DES BPA DDE

40

EB DES BPA DDE
1)DES BPA TUNEL
EB
(EE) EB
2) BPA Fas/Fas
Bcl-2/Bax TUNEL
3) ERa ER[3 in situ
hybridization mRNA
TUNEL
4)ERa ERB
B.
1 ERa (ERKO)
ICR 6 EE: 1 ng 1 mg/kg
DES 1ng 100 mg/kg BPA 4ng 4 mg/kg DDE
1 ng 1 mg/kg / 5 4
20 /
3
ERKO 6 8 EE 1 ng
1 mg/kg EB 10 mg/kg DES 100 ng 100 pg 20 mg/kg BPA 4 ng
40 mg/kg 5 / ICR
5 4 20 5
/ 3
ERB
DNA in vivo
4 /PBS
5 um



-16-dUTP DNA
TUNEL Fas Fas
Bcl-2 Bax
ERa  ERB in situ hybridization
ERa ERB
In situ hybridization
ERa ERB DNA MRNA
EB
EE
1 DES 20 mg/kg
3.1 100 ng/kg
2.1 BPA 400 ng/kg
4ug 40 pg/kg
DDE 1 mg/kg
2
ERKO
EB DES BPA
DES 100 pg/kg BPA 40 mg/kg
3
3
Fas Leydig Fas Sertoli
EB  DES Fas
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DES EE BPA DDE

Fas Fas ERKO
DES 100 ng/kg BPA 40 mg/kg
Fas Leydig
Fas Sertoli ( 9
Bcl-2/Bax Bcl-2
BPA Bcl-2
( 5) Bax
DES DES 100 ng/kg
Bax
TUNEL Bax 6
TUNEL
ERKO TUNEL Bax
ERB
ERB mRNA DNA in vivo
4 ERa ERB
ERa mRNA Leydig EE
DES BPA DDE ERB MRNA
DES 20 mg/kg
ERB In situ hybridization mRNA
ERB mRNA DES
ERB 7 DES
ERB ERKO
DES ERB
D.
kg ng EE EB DES BPA DDE
EB 1 ng/kg
EE
EB
DES 100 ng/kg 20 mg/kg 2
BPA 4-40 p g/kg
BPA Bax
Bcl-2
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Fas/Fas

Bcl-2/Bax Fas mg/kg
DES
Bax  DES
Bax
DES
SOD GSH
ERa ERKO
ERa
ERB
ERB
DES ERB data not shown)
EB EB  DES
(EB) (DES
BPA )
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Fas Fas
Fas
Bax Bcl-2

ERO ERB

ERPB c-Fos/c-Jun
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Effects of environmental endocrine disruptors upon mouse spermatogenic cell death and
their possible molecular mechanisms

Takehiko Koji
Department of Histology and Cell Biology, Nagasaki University School of Medicine
Professor and Chairman

Key words: endocrine disruptors, germ cell death, Fas/Fas ligand, Bcl-2/Bax, estrogen
receptors, mouse testis

Abstract:

For a better understanding of effects of various environmental endocrine
disruptors (ED) on mammalian spermatogenesis, a systematic study with an experimental
rodent model on germ cell death would be beneficial. In the project of this year, we
focused on the effects of lower and wide-ranging concentrations (1 ng - 1 mg/kg BW)
of ethynylestradiol (EE), estradiol-3-benzoate (EB), diethylstilbestrol (DES),
bisphenol A (BPA) and dichlorodiphenyl dichloroethene (DDE) upon germ cell apoptosis
in a short term protocol, where ICR male mice were injected subcutaneously with a
compound dissolved in 5% ethanol/corn oil in every 5 days and killed on 20 days after
the first injection. When germ cell apoptosis was examined by TUNEL, EE had no effect
on the number of TUNEL positive cells at any dose investigated. On the other hand,
germ cell apoptosis was increased in a dose-dependent fashion with EB and DDE. In the
case of DES, the number of TUNEL positive cells had two peaks at doses of 100 ng/kg
BW and 20 mg/kg BW. Very interestingly, BPA inhibited the autonomous germ cell
apoptosis by 50-60% at doses of 4 — 40 y g/kg BW, while a significant increase in the
number of TUNEL positive cells was found at lower and higher doses. These results
indicate that ED have a wide variety of effects on germ cell apoptosis. To analyze
the molecular mechanism underlying the induction of germ cell apoptosis by ED, we
investigated the expression of Fas/Fas ligand and Bcl-2/Bax immunohistochemically. As
a result, we found a close association between Fas expression in germ cells and TUNEL
positive cells at high doses of ED, while at 100 ng/kg BW of DES no expression of Fas
was detected in germ cells. Also, we found that the redistribution of Bax in germ cells
was tightly associated with TUNEL positive cells in any cases. Moreover, a marked
increase in Bcl-2 expression, which is supposed to protect cells from apoptosis, was
detected at 4-40 p g/kg BW of BPA. These results strongly indicate that the roles of
the Fas system in germ cell apoptosis may be limited to the case of severe and acute
damages of testis by high doses of ED, and rather the Bcl-2 and Bax system can be more
important in the induction of germ cell apoptosis by ED. Since estrogenic compounds
are supposed to affect cells primarily through estrogen receptor (ER) a and B , we
examined their expression by immunohistochemistry. Our results revealed that ERa is
expressed in only Leydig nuclei, while ERB 1is in the nuclei of spermatogonia and
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spermatocytes, suggesting the direct action of these comopounds upon germ cells through
ERB . In accord with the findings, a similar apoptosis-inducing effect of ED was
observed in ERa knockout mice. Therefore, we propose that ED may act on mammalian
male germ cells through ERB , mimicking the expression and subcellular distribution
of Bcl-2 and/or Bax at the relatively lower concentrations. Moreover, at the higher
concentrations of ED, spermatogenic cell death may be induced by the activation of the
Fas system in combination with the changes in Bax expression.

57



3.6mg/m3

18mg/ms3

0.017~0.37wWm?
mg m
5mg m

DEHP  0.038~0.79w/m3
1997 DEHP
ATSDR 1993

1995

59

DBP




100ml/min [

DEHP SPC
G 2.5 I/min
DEHP

60



61



~

(mg/m?3)

15
25
25
32
32

48

66

(I/min)

62



100

E
>
g 10
1
(I/min) (mg/m3)
20 3.6
20 6.8
20 135
20 18.4
100
)
S
£ 10

63




DEHP  0.038-0.79w/m?
DEHP
ATSDR 1993

(Tabacova 1999)

64

DBP 0.017~0.37w/m?
mg m
5mg m

1997



mg/m3
5 mg/ms3

in vitro

Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile for
Di-(2-ethylhexyl) Phthalate, Update. NTIS Publication Number PB/93/182400. Atlanta,GA.

65



Abstract

It has been reported phthalate esters(PAEs) have the potential of endocrine disrupting
effect, reproductive toxicity, development toxicity and systemics toxicity in animal
experiments. The adverse effects of PAEs on humans have been suspected because PAEs
are found in many different environments. Most papers focused on the adverse effects of
PAEs by oral dosing , not by inhalation which is more natural intaking for humans. In this
study, we are aiming to make the exposure device which enables stable supply of low
volatile PAEs. The stability of the device is still under consideration. This device will help

us research the various effects of PAE inhalation on the living body in the future.
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Studies on mechanisms of implantation loss induced by TBT treatment during early

pregnancy in rats

Katsushi Suzuki, Professor, Nippon Veterinary and Animal Science University

Key word:

TBT, implantation loss, embryo toxicity, mutagenesis, MMS, rat

Abstract:

Tributyl tin chloride (TBT) was administered orally to pregnant rats at 0, 4, 8 or
16mg/kg/day for 4 days from day O to 3 of pregnancy to allow the preimplantation
embryos to be exposed to TBT. As the positive control, methyl methane sulfonate at
50mg/kg/day was similarly treated to the pregnant rats. In order to warrant genetical
homogeneity, inbred strain of Wistar Imamichi rat were used in this experiment.
Mother rats were allowed to deliver the pups and nurse them by 6 days after
parturition. On the day, the animals were sacrificed and the liver and gonad (testis
for male and ovary for female) were excised for DNA extraction. Extracted DNA was
amplified according to selected micro-satellite markers by PCR and possible variation
in the marker pattern was checked. Twenty microsatellite markers were selected. Of
these, 8 markers showed some degree of variations in DNA extracted from the gonads
in TBT and MMS treated groups. The frequency was around 1/64 to 5/101. Two
external malformations were detected in 76 pups in MMS treated group, although no
abnormality was observed in TBT treated groups. Therefore, the variation in
microsatellite patterns in TBT group was concluded to be recessive mutation. DNA
samples from dam and sire rats, and those from negative control did not show any
variations in the pattern of microsatellite markers examined, indicating homogeneous
genetical back ground of the inbred strain of the rat. The fact that the variations were
detected only in the DNA form the gonad could not omit the possibility that recessive
mutation would occur in the germ cells, although the exact mechanisms was not known.
The present result would also suggest that a known effect of TBT, the implantation loss

may result from TBT'’s adverse effects on early embryos.
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