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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

17



2.

in vitro

DES

Western Blot

DES
DES

DES TV4
invivo
p38 MAP kinase
38kD

p38

™4

p38

™4

38kDa

M4

18

DES

p38

p38

(p38)
V4
DES

p38

™3

™3

™4



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

19



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

28

DEHP
DEHP
DEHP
DEHP lipase-mRNA
lipase-mRNA
DEHP
DEHP
DEHP 100 7/
MEHP
= ( 2
INA



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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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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