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Evaluation of chemicals as endocrine disruptors on crustacean

Hajime Watanabe, Ph.D.
Center for Integrate Bioscience, Okazaki National Research Instituts
Hajime Watanabe, Yosihnao Katsu, Hiroaki Sone and Norihisa Tatarazako

Abstract

The water fleas, Daphnia magna, reproduce by cyclic parthenogenesis as a predominant
strategy and environmental stimuli such as light cycle, population, induce organisms to switch
from parthenogenesis to gamogenetic reproduction. During the gamogenetic period, they
produce male daphnia and dormant resting eggs, which can survive prolonged periods of
environmental adversity. However, little is known about the mechanism(s) associated with the
switch from parthenogenesis to gamogenetic reproduction. In addition to the life-cycle
switching, molecular structures and functions of well known hormones such as ecdysone and
juvenile hormone are not well known.

In the present study, we investigated the effect of chemicals on reproduction and compared
with the effect of juvenile hormone agonists such as pyriproxyfen and fenoxycarb, on neonatal
development in Daphnia. We found that juvenile hormone agonists affect on reproduction at
ppt level whereas bisphenol A affects at ppm level. We also analyzed expression sequence
tags from wild type daphnid and difference of gene expression pattern between fenoxycarb
treated and control daphnid were examined by differential display. Combination of gene
expression analysis and traditional reproduction assay will be helpful for evaluation of
chemicals on reproduction of invertebrates.

13



N Zn DNA C

RT-PCR
GenBank
two-hybrid
ERa ERB AR PR GR MR RARa RARB RARy TRa TRB VDR RXRa RXRB RXRy FXR
CAR PPARo.  PPARS PPARy LXRa
LXRB  SXR

14



1

cDNA

@
LBD RT-PCR
(2 RT-PCR
Clontech MRNA
cDNA cDNA DNA
Applied Biosystems PCR LBD DNA
3
PCR DNA pBluescript Staratagene
DNA DSQ1000
two-hybrid
11 LBD two-hybrid
Clontech pGAD424-TIF2

2

17p-Egtradiol---ERa, B 5a-Dihydrotestosterone--AR  Progesterone---PR
Corticosterone--GR  Aldogterone-—-MR  all-trans-Retinoic acid---RARa, 3, v

15

GenBank

Revertra Ace
AmpliTaq

Y190

Gold

pGBT9



3,3 ,5-Triiodo-L-thyronine---TRa, B 1,25(0OH),VitaminDz---VDR
9-cisRetindic acid--RXRa, B,y Lindleic acid--PPARa, B, v
22(R)-Hydroxycholesterol---LXRa, p  Chenodeoxychoalic acid---FXR
5-B-Pregnane-3,20-dione---CAR  Rifanpicin-—--SXR

DMSO -20 DMSO
two-hybrid
LBD TIF2
10 10*M 30 4
Zymolyase B-gdactosdase
2 n=3
MRNA
RT-PCR

ERo ERB AR PR GR MR
RARo. RARB RARy TRa TRB VDR RXRa RXRB RXRy PPARa PPARS PPARy LXRa LXRB FXR

CAR SXR LBD DNA PCR
DNA LBD
ER AR PR GR
MR RAR A TR
VDR D RXR X PPAR
LXR X FXR X CAR
SXR
two-hybrid
LBD
1 LBD TIF2 two-hybrid

16



ligand : 17B-Estradiol

ligand : 17B-Estradiol

1500 - 1500 -
1000 - 1000 -
500 - 500 -
0 - 0 -
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
ERa ERB
ligand : 5a-Dihydro- ; .
500 - restosterone ligand : Progesterone
2000 -
400 -
1500 -
300 -
1000 -
200 A
100 | 500 -
0 0 -
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
AR PR
1500 - ligand : Corticosterone ligand : Aldosterone
2000 -
$
1000 - 1500 -
*
1000 -
500 -
500 A =
0 0 -
-10 -8 -6 -4 -11 -9 -7 -5

Concentration (log M)

Concentration (log M)

GR




ligand : all-trans-
Retinoic acid

ligand : all-trans-
Retinoic acid

4000 - 2500 -
2000 *
3000 - i
1500 -
2000 -
1000 - =
1000 | 500 -
0 * 0
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RARa. RARB
ligand : all-trans- .
9 Retiroie acid 1500 - ligand : 1,25(0OH),D,
6000 - \!
5000 -
4000 1000 -
3000 -
2000 - 500 4
1000 -
L 4
0 0- *
212 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RARy VDR
ligand : 3,3',5-Triiodo- ligand : 3,3',5-Triiodo-
L-thyronine L-thyronine
2000 - 2000 -
1500 - 1500 -
kK 3
1000 - 1000 -
500 - 500 |
0 - * 0.
-11 -9 -7 -5 -11 -9 -7 -5

Concentration (log M)

Concentration (log M)

TRa

TRB

18




ligand : 9-cis- ligand : 9-cis-
2000 - Retinoic acid Retinoic acid
3000 -
1500 -
2000 -
1000 -
500 | 1000 -
<>
0 o o 0
-12 -10 -8 -6 -12 -10 -8 -6
Concentration (log M) Concentration (log M)
RXRat RXRB
ligand : 9-cis- _ ligand : Linoleic acid
Retinoic acid 1000 -
2000 -
$ i k 3 ,i
500 A
1000 -
0 0
-12 -10 -8 -6 -10 -8 -6 -4
Concentration (log M) Concentration (log M)
RXRy PPARal
ligand : Linoleic acid ligand : Linoleic acid
1000 - 1000 -
500 i !-_‘/(I’_!\ 500 ]
0 0
-10 -8 -6 -4 -10 -8 -6 -4

Concentration (log M)

Concentration (log M)

PPARy

PPARS

19




ligand : 22(R)-Hydroxy-

2000 - cholesterol

1000 A\{\L"‘

ligand : 22(R)-Hydroxy-
1000 - cholesterol

500 |

0 0 ‘ s s
-10 -8 -6 -4 -10 -8 -6 -4
Concentration (log M) Concentration (log M)
LXRa LXRB
ligand : Chenodeoxy- ligand : 5-B-Pregnane-
1000 - cholic acid 3000 - 3,20-dione
2000 -
500 -
1000 -
0 0 -
-10 -8 -6 -4 -11
Concentration (log M) Concentration (log M)
FXR CAR
ligand : Rifampicin
2000 -

-11 -9 -7 -5
Concentration (log M)

SXR

20




ERa ERP AR PR GR MR RARo. RARB RARy TRa TRP VDR RXRa RXRP RXRy
FXR CAR PPARc PPARS
PPARy LXRo LXRB SXR

LXR
24(S) ,25-Epoxycholesterol
22(R)-Hydroxycholesterol
2. Two-hybrid
-2- -2-
ER RAR
— RAR 10°M
ER
RXR
9
4- 0™ M
ER RAR RXR CAR CAR

-N-

5-B-Pregnane-3,20-dione

21



(44

ER

RAR

RAR | RAR

TR

RXR

RXR

RXR

ER AR |PR |GR |MR TR 1vprR FXR | CAR
a B o B Y a B o B Y
X X X X X X X X X X X O
X X X X X X X X X X X X X X X O
X X X X X X X X X X X X X X O
X X X X X X X X X X X X X X X X
o X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
2 X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X
o X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
o 1 1/1000
1/1000 1/1000000 X




€¢

ER [ER [aR |PR |GR | MR |RAR[RAR[RAR[TR [TR [ypr|RXR|[RXR[RXR[exr | cArR
o | B ot B | v o |B ot p Y
4- O o X X X X o o X X X X X
o-t- o o X X X X o o X X X X X X
X X X X X X X X X X X X X X O
2.4 X X X X X X X X X X X X
4 X X X X X X X X X X X X X X
- X X X X X X X X X X X X X X X X O
o X X X X X X X X X X X X X o
X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X
- X X X X X X X X X X X X X X X X o
o 1 1/1000
1/1000 1/1000000 X




= E

4-Nonylphenol

2000

1500

1000

500

-11 -10 9 -8 -7 6 -5 4

ERa

= E p-t-Octylphenol
2000 -
1500 +
1000 +
500 +
0
-112 .10 9 -8 -7 6 -5 -4
ERa

-3

-3

m 9-cis-RA

4-Nonylphnol

5000 r

4000 +

3000 +

2000 +

1000 +

0 I |
1110 9 8 7 -6 -5 -4 -3

RARy

m 9-cis-RA p-t-Octylphenol
5000
4000
3000
2000

1000

0
11 10 -9 8 -7 6 -5 -4 -3

RARy

24



B-Galactosidase Activity

| | |
@ 09-cis-Retinoic acid
4000 = @ Benzophenone n
A Triphenyltin chloride
A Tributyltin(IV) chloride
3000 — Bl p-Nonylphenol

B p-t-Octylphenol

2000

1000

-11 -10 -9 -8 -7 -6 -5

Log Dose (M)
RXRB

25



nM

ER

RXR

RAR

RXR  9-

DNA

RXR
RXRae RXRB

RAR

ER

RXR

RAR

RAR

PPAR  LXR

two-hybrid

RAR

ER

RXR

DNA

26

RAR

RXR

GR MR TRs

ER

RAR

RAR

p-t-

RXR

RAR

RAR

RXR

Kd=0.1 10



9 RXRy

RXR

6)

RXR

RXR

RXRa.
9 RXRB

5)
10°M
RXR

RXRB
RXR
DNA RXR

RXR USP

RXR RXR 9-
RXR

DNA P

CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CAl CEDRSSGKHYGVYSCEGCKGEFFKR
CSVCSDKAYVKHYGVFACEGCKGFFKR
CSI CE@DRASGKHYGVYSCEGCKGFFKR
CSlI CSDRASGKHYGVFSCEGCKGFFKR

CAR
CAR

CAR  CYP2B

CAR  SXR

TCPOBOP
CAR  SXR

CYP3A SXR CYP2B CAR

CYpP

27

RXR

SXR



CAR CAR CYP2B
CAR
ER  RAR
CAR

CYP

RAR RXR

1. Chawla, A., Repa, J. J., Evans, R. M. and Magelsdorf. (2001) Nuclear receptors and lipid
physiology: opening the x-files. Science, 294, 1866-1870

2. Nishikawa, J., Saito, K., Goto, J., Dakeyama, F., Matsuo, M. and Nishihara, T. (1999)
New screening methods for chemicals with hormonal activities using interaction of nuclear
hormone receptor with coactivator. Toxicol. Appl. Pharmacol., 154, 76-83

3. Kastner, P., Grondona, J. M., Mark, M., Gansmuller, A., LeMeur, M., Decimo, D., Vonesch,
J. L., Dolle, P. and Chambon P.  (1994) Genetic analysis of RXR alpha developmental function:
convergence of RXR and RAR signaling pathways in heart and eye morphogenesis. Cell, 78,
987-1003.

4. Kastner, P., Mark, M., Leid, M., Gansmuller, A., Chin, W., Grondona, J. M., Decimo, D.,
Krezel, W., Dierich, A., and Chambon P. (1996) Abnormal spermatogenesis in RXR beta mutant
mice. Genes Dev., 10, 80-92.

5. Krezel, W., Dupe, V., Mark, M., Dierich, A., Kastner, P. and Chambon, P. (1996) RXRy
null mice are apparently normal and compound RXRa.”"/RXRB™"/RXRy”~ mutant mice are viable.
Proc. Natl. Acad. Sci. USA, 93, 9010-9014

6. Kostrouch, Z., Kostrouchova, M., Love, W., Jannini, E., Piatigorsky, J. and Rall, J. E.
(1998) Retinoic acid X receptor in the diploblast, Tripedalia cystophora. Proc. Natl. Acad.
Sci. USA, 95, 13442-13447

28



Effect of suspected endocrine disruptors on various
kinds of human nuclear receptors

Jun-ichi Nishikawa
Laboratory of Environmental Biochemistry, Graduate School of Pharmaceutical Sciences,
Osaka University

Abstract

Characterization of human risk assessment resulting from exposure to man-made chemicals,
which bind to hormone receptors, has emerged as a major public issue. While effect of chemicals
on estrogen receptor has attracted much attention, other nuclear receptors also should be
cared as targets of endocrine disruptors. Recently, the human genome is reported to contain
48 members of nuclear receptor family. This superfamily includes not only the classic
endocrine receptors that mediate the action of steroid hormones, thyroid hormones,
fat-soluble vitamins and prostanoids, but a large number of so-called orphan receptors, whose
ligands are still unknown so far. In the present study, we have made assay systems for 23
kinds of ligand-known nuclear receptors and examined agonistic activity of suspected
endocrine disruptors.

In order to assess the agonistic activity, we used yeast two hybrid system, which is based
on the agonist dependent interaction between nuclear receptor and coactivator. At first,
we cloned ligand-binding domain of nuclear receptors including ERa, ERB, AR, PR, GR, MR,
RARa, RARB, RARy, TRa, TRB, VDR, RXRa, RXRB, RXRy, PPARa, PPARS, PPARy, LXRa, LXRB, FXR,
CAR and SXR. Second, we subcloned these genes into two-hybrid vector pGBT9 so that they were
in the same translational reading frame as the vector’s GAL4 DNA binding domain. At the same
time, coactivator (TIF2) was amplified by RT-PCR and subcloned into pGAD424 for the production
of fusion protein with CGAL4 activation domain. Finally, the pGBT9-receptor and
pGAD424-coactivator were introduced into yeast strain Y190, which contain p-galactosidase
gene driven by GAL4 binding site.

Using these constructed systems, we tested the induction of B-galactosidase by adding
known-ligands to yeasts. As results, we could see good dose-response curve in concerned with
ERa, ERB, AR, PR, GR, MR, RARa, RARB, RARy, TRa, TRB, VDR, RXRa, RXRB, RXRy, FXR and CAR.
However, PPARo., PPARS, PPARy, LXRa, LXRB and SXR could not work well due to the high
background.

Next, the yeast two-hybrid systems were applied to 20 suspected endocrine disruptors.
Nonylphenol and octylphenol showed agonist activity to RARs as well as ERs. Surprisingly,
triphenyltin and tributyltin showed strong effectiveness on RXRs. These results suggest that
industrial chemicals may disturb endocrine systems by targeting to various nuclear receptors.
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Molecular biological investigations of bisphenol A receptor

Yoshihiko Funae
Osaka City University Medical School, professor

Key Word : bisphenol A, central nervous system

Abstract:

We studied the effect of prenatal and lactational exposure of bisphenol A (BPA) on

monoaminergic neuron. The variation of monoamine contents in neonatal and
lactational brain exposed indirectly to BPA were investigated. Monoamine is the
neurotransmitter in the brain thought to be related to movement, emotion and reward.
The result showed that reduced dopamine (DA) contents in the offsprings, which were
indirectly exposed to BPA. Reduction of DA contents were continued until without BPA
exposure after weaning. So, it has suggested that the reduced DA contents was caused
by irreversible variation of dopaminergic system. Since BPA was suspected to affect
central nervous system through dopaminergic neuron, we convinced that novel
receptor of BPA present in synaptosomal membrane fraction. So, we tried to isolate
and purify the BPA binding protein by solubilization, anion column chromatography
and BPA-Sepharose affinity column chromatography. The purified protein was
confirmed to be homogeneous by SDS-PAGE. N-terminal sequence of purified BPA
binding protein was identical with protein disulfide isomerase (PDI), which was known
as thyroid hormone binding protein. To elucidate possible molecular mechanism of the
BPA action on central nervous system, competition binding assay with histidine tagged
fusion PDI expressed in E. coli were performed. The results demonstrated that BPA
displaced the binding of thyroid hormone to PDI.
Since BPA affected central nervous system via PDI, we examined and compared the
thyroid hormone disrupting activity of twenty chemicals listed in “Chemicals to be
Addressed in Prioritized Risk Assessments” selected 2000 and 2001 at ministry of
environment as chemicals suspected of having endocrine disrupting effects. The
results demonstrated the binding of thyroid hormone to PDI was inhibited by
4-octylphenol, nonylphenol, BPA, pentachlorophenol and 2, 4-dichlorophenol. These
five chemicals may possible to interfere the function of thyroid hormo
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10 CD-1 1 12 DEP

DBP , BBP , DCHP
DEHP , DEHA 2.25mmol/kg
2,4-D 0.6mmol/kg
2 18
RNA RNA
MRNA
PCR

EBSS (Earle®"s Balanced Salt Solution, Sigma)
collagenase (Wako , 1mg/ml ) , hyaruronidase (Sigma, 1mg/ml),

BSA (Sigma,1lmg/ml) 25mM HEPES buffer (Naquarai.; 20ml )
(20min;80cycle/min; 34C) 0.07%BSA
EBSS  40ml (250% g; 5min)

0.07%BSA EBSS 3ml Percoll (800x g;
20min) 2 3 EBSS (Earle”s Balanced
Solt 5-50% (density 1.050-1.070g/ml)
3B -hydroxysteroid dehydrogenase (Steinberger ;1966)

80% 3B -hydroxysteroid dehydrogenase

RNAlater

RNA cDNA
QIAGEN RNAlater -20
RNA
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(GIBCO BRL, Paisley,
Scotland) Oligo(dT) ;.48

PPARalpha—mRNA

Gl
PE Biosystems Primer Express version 1.0 GAPDH PE
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Biosystems PPAR-alpha  GAPDH  PE Biosystems TagMan Universal

PCR Master Mix TagMan probe 100nM
200nM  PCR RNA  SYBR Green

PPAR-alpha  TagMan probe FAM, TAMURA
GAPDH TagMan probe VIC, TAMURA

Quantitative real time-PCR PE Biosystems ABI PRISM 7700 Sequence
Detection System Rromega
pGEM -T Easy vector Invitrogen life technology pCR2.1 vector

GAPDH

scavenger receptor, class B, type | (SR-BI):

forward primer: 5-CACCTTCAATGACAACGACACC-3,,

reverse primer: 5-TCTCTGAGCCATGCGACTTG-3';

low density lipoproteins receptor (LDLR):

forward primer: 5-CCACTTCCGCTGCAAATCAT-3',

reverse primer: 5-TCATGGGAGCCGTCAACAC-3’;

HMG-CoA synthase: forward primer: 5-TGTGGCACCGGATGTCTTT-3',
reverse primer: 5-GACCAGATACCACGTTCCTTCAA-3’;

HMG-CoA reductase: forward primer: 5-TGTGGTTTGTGAAGCCGTCAT-3',
reverse primer: 5-CGTCAACCATAGCTTCCGTAGTT-3’;

steroidogenic acute regulatory protein (StAR):

forward primer: 5-AAGGAAAGCCAGCAGGAGAAC-3,

reverse primer: 5-TCCATGCGGTCCACAAGTT-3';

peripheral-type benzodiazepine receptor (PBR):

forward primer: 5-AGTTCGTGGCACTGCATAAGC-3',

reverse primer: 5-GCTGCCCATTCTCTCCTCCTA-3';

cytochrome P450scc (CYP11A): forward primer: 5-CCATCAGATGCAGAGTTTCC
AA-3,

reverse primer: 5-TGAGAAGAGTATCGACGCATCCT-3’;

3B -hydroxysteroid dehydrogenase/A 5-A 4-isomerase (3p3-HSD):

forward primer: 5-GGAGGCCTGTGTTCAAGCAA-3,

reverse primer: 5-GGCCCTGCAACATCAACTG-3;

cytochrome P450,,, - 17a -hydroxylase/C,;.,, lyase CYP17

forward primer: 5-CCATCCCGAAGGACACACAT-3,

reverse primer: 5-CTGGCTGGTCCCATTCATTT-3';

17p-HSD: forward primer: 5-CAACGATTCCTCCTGACACGAT-3,

reverse primer: 5-GCTGATGTTGCGTTTGAGGTAA-3';

PPARalpha: GI 7106384, forward primer: 5-TTTCCCTGTTTGTGGCTGCTA-3',
reverse primer:5-CCCTCCTGCAACTTCTCAATG-3’

Taq Man probe, 5-AATTTGCTGTGGAGATCGGCCTGG-3
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GAPDH: PE Biosystems TagMan Rodent GAPDH Control Reagents
Tag Man probe, 5-CCCGTTCTCAGCCTTGACAGTGCC-3

SYBR Green 25 ul 1x SYBR Green PCR Master Mix (Applied
Biosystems), 400 nM , 1 ng cDNA
95 °C 10 Amplitag Gold polymesase
95°C 15 sec 40 cycles denaturation 60 °C 1 annealing
extension

Diagnostic Products Corporation Los
Angeles, USA) DPC

Luteinizing hormone (LH)
LH 98 LH
LH LH enzyme immunoassay (EIA) system (Amesham Pharmacia,
Backinghamshire, England)

periodic acid-Schiff
reagent (PAS) hematoxylin

C' ’
Fig.2 DEP DCHP
DBP  BBP
DEHP DEHA 2,4-D
2,4-D Fig.3
mRNA real-time quantitative RT-PCR , GAPDH-mRNA
2,4-D  PPARa -regulated proteins lipoprotein lipase
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(LPL) medium-chain acyl- CoA dehydrogenase (MCAD) RNA
2,4-D PPARa 2,4-D
scavenger receptor, class B, type 1 (SR-BI) Tow
density lipoproteins receptor (LDLR)

2,4-D HMG-CoA synthase HMG-CoA reductase RNA
2,4-D
steroidogenic acute regulatory protein (StAR)
peripheral-type benzodiazepine receptor (PBR) RNA
2,4-D

cytochrome P450scc (CYP11A), 3B -hydroxysteroid
dehydrogenase/A 5-A 4-isomerase (33 -HSD Type 1), cytochrome P450,,, -
17a -hydroxylase/C,;.,, lyase (CYP17), and 173 -hydroxysteroid

dehydrogenase/17-ketoreductase (17f -HSD Type I111) RNA CYP11A,
3B -HSD, 178 -HSD  mRNA 2,4-D
CYP17  mRNA 2,4-D CYP17 HMG-CoA
synthase/reductase 2,4-D PPARa
2,4-D
CYP17
2,4-D
DEHP,DBP DEHA Fig. 4 DEHP
PPARalpha DEHA
DBP DEHP PPARalpha- RNA
DEHA DBP
2,4-D SR-BI
LDL RNA

HMG-CoA synthase reductase mRNA
2,4-D StAR  PBR RNA

DEHP DEHA CYP11A,3-B HSD,173 -HSD RNA
CYP17 RNA DBP  CYP17 RNA
2,4-D
2,4-D 2,4-D
DEHP,DEHA  CYP17

2,4-D

Fig.5 2,4-D
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2,4-D LH 2,4-D

2,4-D 2

mRNA
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Effects of probable endocrine disruptors on cholesterol and/or testosterone
synthesis in Leydig cells

Nakajima T, Ichihara G, Kamijima M, Yamada T, Itohara S, Furuhashi K and
Yamanoshita O.
Department of Occupational and Environmental Health,

Nagoya University Graduate School of Medicine,

Abstract

We investigated the effects of diethylphthalate, dibutylphthalate, butylbenzylphthalate,
dicyclohexylphthalate, di(2-ethylhexyl)phthalate (DEHP), di(2-ethylhexyl)adipate (DEHA),
2,4-dichlorophenoxyacetic acid (2,4-D), and nonylphenol on serum testosterone levels and also on
cholesterol and/or testosterone synthesis in Leydig cells. Of these disruptors, DEHP, DEHA and
2,4-D decreased the levels of serum testosterone. However, there were differences in the
mechanism for influencing among them: 2,4-D decreased mRNA levels of HGM-CoA synthase,
HGM-CoA reductase and cytochrome P450;7, 17a-hydroxylase/C;7., lyase (CYP17) in Leydig
cells, whereas DEHP and DEHA decreased only the level of CYP17-mRNA. These results suggest
that the former may decrease serum testosterone level by affecting both cholesterol de novo
synthesis and testosterone synthesis in Leydig cells, but the latter may decrease the level only by
affecting testosterone synthesis. Although these three chemicals are grouped in ligands of
peroxisome proliferators-activated receptor alpha, the mechanism of decreasing serum testosterone

levels may be different from each other.
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DEHP 0.038~0.79 p/m3

DBP  0.017~0.37u/m?3 1997 DEHP
mg m ATSDR 1993
5mg m ACGIH TLV
1999
in vivo

cytochrome P450

DEHP DEHP

Wistar Rat
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DEHP

DEHP
KK SP208 1000Dual
SUPELCO ORBO 5020Tenax TA35/60 OVS Tubes 1.5m
11/min 3
140 mg Tenax TA 4ml 4 ml
au g 30 2ml GC-MS
DEHP
(1) DEHP MEHP
25 mg/m3 20.1+ 3.9 mg/m?
Wistar rat 16 25 mg/m?3 2 1
6 2 5 2 2
DEHP
DEHP MEHP 80
DEHP MEHP DEHP MEHP
80 50p 1 M NaOH 200y |
850y | 5 10
pl 1,500 rpm 4 10 HPLC
20
80 150mg
1M NaOH 600y | 5
2550p | 5
30p 1 1500 rpm 4 10 HPLC
20
HPLC SC-50DS(3.0mmIDx 150mm, EICOMPAK) uv
230nm Absorbance 0.1 0.5ml/min
MEHP MEHP A
40 60 B 10
90 A 10 —B 20
DEHP DEHP B
(2)
Wistar rat Omg m
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5mg m 25mg m
EIA LH
RNA
ANOVA Scheffe
3
25 mg/m3 5 mg/m3 19.7+ 3.2mg/m3 2.9
+ 0.9 mg/m3 Wistar rat 0 1
30 25 mg/m3 ( ) 5 mg/m3( ) DEHP
3 DEHP 2 19 1 6
AGD
DEHP
ANOVA
( )
C
DEHP
DEHP DEHP 0.18 p g/ms3
DEHP
0.04p g/ms3
DEHP
(1)
DEHP DEHP MEHP
«C )
DEHP MEHP DEHP MEHP
DEHP 18.8+ 2.6 u g/g
MEHP 3.3+ 2.8 p g/g
2.75%+ 0.8 p g/g 1.4+ 1.6 p 9g/g 1.6+
0.8 p g/g 4.5+ 1.4 p g/g
2.7+ 1.8 p 9/g 2.4+ 0.5y g/g
4.1+ 3.5p g/g

62



p 0.01
(2)
5mg/m 8.7t 2.2mg/m  25mg/m 21.2+ 2.9 mg/m
5mg/m 25mg/m

5mg/m  25mg/m
5mg m 25mg m

P450scc
3-beta-hydroxysteroid dehydrogenase 3HSD CYP17
CYP19 mRNA
LH
R2=0.42 P>0.01
(3)
25 mg/m3 5 mg/m?3
19.8 mg/m3 2.9 mg/m?3
10 19

7 5 mgimd 7 25 mg/m3 8

2.25+ 0.17 5 mg/ms3

2.33+ 0.18 25 mg/ms3 2.44+ 0.16 p<0.01 0.56
+ 0.08 5 mg/ms3 0.57+ 0.1 25 mg/m3 0.53%+ 0.09 p=0.02
2.34+ 0.16 5 mg/m3 2.37+ 0.16 25 mg/m3 2.47+ 0.16
p<0.01 AGD AGD/
2.18+ 0.15 5 mg/m3 2.27+
0.2 25 mg/ms3 2.4+ 0.16 p<0.01
0.56% 0.08 5 mg/ms3 0.6+ 0.12 25 mg/ms3 0.54+ 0.07
p=0.02 AGD/ 0.80£0.2 5 mg/m3 0.73£0.19 25 mg/m3
0.69+0.14 p=0.04 AGD
DEHP MEHP DEHP
MEHP
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DEHP (1000 ppm)
(D.T. Williams, 1974) DEHP MEHP
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DEHP MEHP
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g/ml OA. Teirlynck, 1999
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DEHP in vitro (CA.Harris 1997)
(Malgaad 2001) in vivo
(LG.Parks 2000, LE.Gray 2000)
DEHP (BT.Akingberr 2001)

(JD.Park 2002, Malgaad 2001)
(E.Kasahara 2002)
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DEHP
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10 12

(
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Endocrine disrupting effect of the Di (2-ethylhexyl)phthalate
inhalation toxicity in rat

Reiko Kishi
Department of Public Health Hokkaido University School of Medicine
Professor and Chair

Key Word: Di (2-ethylhexyl) phthalate (DEHP), mono (2-ethlhexyl) phthalate
(MEHP), inhalation, reproduction, metabolism, development, rat

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, such as air,
water and soil. Most papers focused on the adverse effects of PAEs by oral dosing,
not by inhalation which enables stabler supply of low volatile PAEs. In this study,
we investigated the following effects of inhalated Di (2-etylhexyl) phthalate in rat:
1) distribution of DEHP and the metabolism in the organ, 2) the reproductive
effects, and 3) the developmental effects.

1) We could not detect DEHP and its metabolite MEHP in the serum of DEHP
inhalated rats. DEHP was detected only in the lung. High volume of MEHP was
detected not only in small intestine and liver, which are the DEHP metabolic
organs but also in testis. We could also detect MEHP in lung, Kidney, small
intestine and brain of control rats.
2) Asmall increase in body weight and testis weight/body weight was observed at
DEHP inhalated young male rats, compared with controls. Inhalated rats had
more matured testis than controls. Although the testosterone concentration of
plasma was higher than controls, we could not observe the effects of inhalation in
the expression of testosterone synthetase mRNA and the concentration of
luteinzing hormone (LH). Therefore it was indicated that the DEHP inhalation to
young male rats had a possibility to affect testes.

3) The embryonic effects of DEHP inhalated in pregnant rat were studied. The

weight gain were observed in the pups of DEHP inhalated rat. In female pups,

body weights were raised, placental weights were decreased, and AGD/body
weights were also decreased. We could not see other effect not only in inhalated
rats but also in their pups.
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(TBT)0O 4 8 16mg/kg
20mg/kg 0 3 4

DNA 20

16mg/kgTBT MMS

TBT

13 BT

BT
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DNA
(MMS)

13

in vitro
TBT
TBT DNA
TBT
TBT
in vitro
in vivo
13
BT
PCR
20 8
DNA
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TBT
DNA

13
Lot No. SEN340
JANUS 95%
97.57% JANUS

(MMS) Shigma Chemical Co., St. Louis, MO:
99%; Lot No. 50K3647

100 1ml 3
TBT 16mg/kg
MMS 50mg/kg
20mg/kg 50mg/kg  20mg/kg
0 3
TBT MMS
TBT
16mg/kg
SPF
20 10 2 12
1
0
22+ 1 55+ 9% 14L10D: 0800 on 2200 off
10 hr
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NIH-07PLD

DNA
DNA
DNA
14 10 15
DNA
-80
DNA
DNA
0 4 8 16 MMS20
4+8 5+0 5+0 6+5 5+0 +0 25+13
9+10
16+46 15+0 20+0 30+27 18+0 +0 99+73
9+53 17+0 22+0 21+16 18+0 87+69
15+46 13+0 20+0 30+27 23+0 +0 101+73
7+35 13+0 13+0 16+13 15+0 +0 64+48
20
DNA PCR
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1 D1Mgh6 11 D11Mgh3
D2Mgh2 12 D12Mit2
D3Mgh3 13 D13Mgh5
D4Mgh14 14 D14Mgh2
D5Mgh4 15 D15Mgh2
D6Mgh6 16 D16Mgh2
D7Mgh7 17 D17Mgh3
D8Mgh1l 18 D18Mghl
D9Mit2 19 Eta
10 D10Mgh3 20 D20Mgh2
Student p<0.05
SPF
TBT MMS
TBT
MMS50mg/kg
0 1 2 3 14 21
control (5) 2454 246.6 250.0 2522 3148 365.0
SD 16.9 16.5 17.9 13.6 17.6 19.0
TBT16mg/kg (4) 246.5 238.0 2425 2480 319.0 367.0
SD 15.0 20.3 15.2 15.6 28.4 34.4
MMS50mg/kg (2) 239.5 234.0 2280 2175 2735 291.0
SD 6.4 2.8 14 4.9 35 5.7
TBT MMS
TBT MMS
TBT
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TBT 0, 4, 8, 16mg/kg MMS 50mg/kg

0mg/kg (5) TBT16mg/kg (6) MMS 50mg/kg (6)
14.00 £ 235 13.00 + 141 - *
1520 + 1.90 14.00 + 1.00 1400 = -
579 = 0.21 6.2+ 012 +
6.25 = 0.18 6.6 + 0.08 *
0/70 0/52
()
(1) 13
20
8
TBT 5 6 9 17 20 5
MMS 7 11
2 TBT MMS 2
DNA 20

TBT4 8 16mg/kg

TBT MMS DNA

DNA PCR

DNA
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2 0 074 0/16 0/15 0/9 0/7
4 0/5 0/15 0/13 0/17 0/13

8 0/5 0/20  1//20 0/22 0/13

16 0/6 0/30 0/30 0/21 0/16

MMS50 0/5 0/18 1//23 0/18 2//15

total 0/25 0/9 0/99 2/101 0/87 2/64

5 0 074 0/16 0/15 0/9 0/7
4 0/5 0/15 0/13 0/17 1//13

8 0/5 0/20 0/20 0/22 0/13

16 0/6 0/30 1//30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 0/15

total 0/25 0/9 0799 0/101 0/87 1/64

6 0 074 0/16 0/15 0/9 0/7
4 0/5 0/15 0/20 0/17 1//23

8 0/5 0/20 0720 0/22 0/13

16 0/6 0/30 0/30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 0/15

total 0/25 0/9 0799 07101 0/87 1/64

7 0 074 0/16 0/15 0/9 0/7
4 0/5 0/15 0/13 0/17 0/13

8 0/5 0/20 0/20 0/22 0/13

16 0/6 0/30 0/30 0/21 0/16

MMS50 0/5 0/18 1//23 0/18 0/15

total 0/25 0/9 0799 17101 0/87 0/64

9 0 074 0/16 0/15 0/9 077
4 0/5 0/15 0/13 0/17 0/13

8 0/5 0/20 1//720 0/22 0/13

16 0/6 0/30 0/30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 0/15

total 0/25 0/9 0/99 1/101 0/87 0/64

11 0 0/4 0/16 0/15 0/9 0/7
4 0/5 0/15 0/13 0/17 0/13

8 0/5 0720 0/20 0/22 0/13

16 0/6 0/30 0/30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 1//15

total 0/25 0/9 0/99 07101 0/87 1/64

17 0 0/4 0/16 0/15 0/9 0/7
4 0/5 0/15 0/13 0/17 0/13

8 0/5 0/20 0/20 0/22 1//13

16 0/6 0/30 1//30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 0/15

total 0/25 0/9 0/99 1/101 0/87 1/64

20 0 0/4 0/16 0/15 0/9 0/7
4 0/5 0/15 0/20 0/17 1//13

8 0/5 0/20 1//20 0/22 0/13

16 0/6 0/30 5//30 0/21 0/16

MMS50 0/5 0/18 0/23 0/18 0/15

total 0/25 0/9 0/99 6/101 0/87 1/64

(2)
D9Mit2

D20Mgh2 D2Mgh2

D5Mgh4 D6Mgh6 D17Mgh3
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DOMit2 D20Mgh2  TBT8mg/kg

DOMit2 D20Mgh2 TBT8mg/kg
D7Mgh7 D11Mgh3

donliel « § =

Cont. .l\-/ISl\;AMSMMéMMS ng/ Cont. MMS4mg/ 8mg/ 8mglémg/Lémg/ Cont. MMSMMSMMS 8mg/ Contdmg/
kg KOOk koge kg kg Cont. 4mg/

Cont. 8mg/
kg

il J SR g

L O ]

=

- - -

-

A T

DOMit2 D20Mgh2 D2Mgh2 D5Mgh4 D6Mgh6
D17Mgh3

(3) DOMit2 D20Mgh2 TBT8mg/kg

DNA

220nm DNA 6

280nm:
EDTA SDS Tris
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m

6 DNA

TBT8mg/kg

(4) D9Mit2 D20Mgh2 TBT8mg/kg

DOMit2 D20Mgh2

PCR

PCR

(nm)
220 0.788
240 0.667
260 0.597
280 0.552
320 0.511
(nm)
220 0.156
240 0.121
260 0.075
280 0.039
320 0.004

2nd PCR




1st 2nd 1st 2nd
Cont. MMS 8mg/ Cont. 8mg/ Cont. MMS 8mg/ Cont. 8mg/ Cont. MMS 8mg/ Cont. MMS 8mg/

kg kg kg kg kg kg

1st 2ndPCR
DOMit2 D20Mgh2 2nd PCR
DO9Mit2 D20Mgh2 1 PCR
2 PCR
PCR
2 PCR
PCR
(5) DOMit2 D20Mgh2 2nd PCR
2nd PCR
TBT8mg/kg DNA

2nd PCR
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Cont. 8mg/ Cont. 8mg/ Cont. 8mg/ 8mg/ 8mg/ Cont. 8mg/ Cont.
kg kg kg kg kg kg

Cont. Cont.

2nd PCR

DOMit2 D20Mgh3

2 8mg/kg D9Mit2
2 3 4 5
8mg/kg 5
2nd PCR D20Mgh3 6 2
DIMit2 1 2nd PCR
2 2 1
3 3
4 2
1 5
D20Mgh3 DIMit2
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2nd PCR

DNA

(6) DOMit2 D20Mgh2 PCR

PCR
DNA

SHARAEERED O m e

i . 1 Bl e

Cont: MMS Emg’ Cott. MMS MMS MMs o 819 oy s 89 cont, Mms 4MY 4m9/ 8mg/ 8mg/ 16mg/ 16mg/
g kg ki kg kg kg kg kg kg ]

S

BEEEEEe——-

— a— — — — — - —

B v e e Gl eew = =
. T RN PR EEW GRS e e e

— s g e -—
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PCR

(7) D9Mit2 D20Mgh2 D2Mgh2 D5Mgh4 D6Mgh6 D17Mgh3 D7Mgh7

D11Mgh3 PCR
16
X
6
DNA 10
1| 2 | 3 | 4

1 20F 25 C0529M 49 T0323M 73 12M
2 70F 26 C102M 50 T0324M 74 M102M
3 00F 27 C103M 51 T102M 75 M103M
4 33F 28 C104M 52 T103M 76 M104M
5 02M 29 C105M 53 T104M 77 M105M
6 03M 30 C106M 54 T105M 78 M106M
7 01M 31 C107M 55 T106M 79 M107M
8 12M 32 Cc108M 56 T306M 80 M108M
9 C0207M 33 13F 57 T307M 81 M109M
10 C0208M 34 23F 58 T308M 82 M201M
11 C0209M 35 35F 59 T309M 83 M202M
12 C0210M 36 34F 60 T401M 84 M203M
13 CO211M 37 31F 61 T402M 85 M204M
14 c0212M 38 05M 62 T403M 86 M205M
15 €0213M 39 11M 63 T404M 87 M206M
16 C0314M 40 14M 64 T405M 88 M301M
17 C0O315M 41 T0102M 65 T406M 89 M302M
18 CO316M 42 T0104M 66 T407M 90 M303M
19 CO317M 43 TO105M 67 T408M 91 M304M
20 C0318M 44 TO106M 68 37F 92 M305M
21 C0330M 45 TO107M 69 30F

22 C0526M 46 T0320M 70 32F

23 C0527M 47 T0321M 71 13M

24 C0528M 48 T0322M 72 15M
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TBT MMS
20F T0F 00F 33F 13F 23F 35F 34F 31F 37F 30F 32F
02M 03M 01M 12M 05M 05M 11M 11M 14M 13M 15M 12M
(10 ) C0207M CO314M CO0526M C102M TO102M TO320M T102M  T306M  T401M M102M  M201IM  M301M
C0208M C0315M CO0527M  C103M TO104M TO321IM T103M T307M  T402M M103M  M202M  M302M
C0209M C0316M CO0528M C104M TO105M TO322M T104M  T308M  T403M M104M  M203M  M303M
C0210M C0317M CO0529M C105M TO106M TO323M T105M  T309M  T404M M105M  M204M  M304M
C0211M CO0318M C106M TO107M TO0324M T106M T405M M106M  M205M  M305M
C0212mM CO330M C107M T406M M107M  M206M
C0213M C108M T407M M108M
T408M M109M
7 6 4 7 24 5 5 5 4 8 27 8 6 5 19
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D2Mgh2
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Dwphd B
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DNA

TBT MMS
DNA
PCR

TBT

MMS

MMS TBS

D2Mgh2
DNA
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DNA

DNA
BT MMS
30%
MMS
0
3 MMS
TBT
in vivo 10000
PCR
PCR
TBT MMS
D9Mgh2 D20Mgh2
D9Mgh2
D20Mgh2
6 6

DNA
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DNA

DNA

F1

10

2nd PCR

100

BT

TBT

F3

TBT

BT
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F3

DNA



TBT

TBT

TBT MMS

BT
TBT
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BT

TBT

BT
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in vitro
TBT
TBT

TBT
TBT

in vitro

in vitro

TBT
DNA

BT

1. Takanosu M., Amasaki, H., lwama, Y., Ogawa, M., Hibi, S. and Suzuki, K. (2002)
Epithelial cell proliferation and apoptosis in the developingmurine palatal rugae.
Anat. Histol. Embryol. 31 (1), 9-14.
2. (2002)

(Analysis of the spike discharges on EEG during slee
p in epileptic animal model.) T. IEE Japan, 122-C(2): 194-200.
3.Uchibori M., K. Saito, S. Yokoyama, H. Suzuki, T. Tsuji and K. Suzuki (2002) Foci
of spike discharges in sleeping EEG of El mice can be determined mathematically
with wavelet transform of multiple monopolar derivations in individual animals based
on the electric field model but not current dipole theory. Journal of Neuroscience
Method  117(1): 51-63.
4.Inomata, A., 1. Horii and K. Suzuki (2002) 5-Fluorouracil-induced intestinal
toxicity: what determines the severity of damage to murine intestinal crypt epithelia?
Toxicol. Letters 133: 231-240.
5. (2002)
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202 (2): 147-149.

6. (2002) Small Animal Clinic 127:
14-18.
7. (2002) 2 Small Animal Clinic 128:
18-21.
8. (2003) Small Animal Clinic 130:
13-18.

9.Aoyama, H. and K. Suzuki (2003) Enhanced one-generation reproductive toxicity st
udy in rats for detecting endocrine disrupting effects of chemicals. Proc. Int. Sy
mposium SCOPE/IUPAC (Yokohama 2002)

10. (2002)
21
11. (2002)
133

12. (2002)

Lethal dwarfism with epilepsy 133
13. (2002)

(hgn/hgn) 133
14. (2002) 13
133
15. (2002)
13

133

16. (2002)
14
17. (2002)EI
14
18. (2002) (EI' M
ouse) 42 PP.148
19.
(2002)
42 p.157
20.
(2002)
42 p.158

21.
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(2002)

42 p.158
22. (2002) A
42 p.163
23. * (2002) EI Mouse
134
24. (2002)
134
25. (2002) Wistar-Imamichi
134
26. (2002) A
134

27. 2002 EI mouse

34 13 AUXOLOGY
28. (2003) 22
29. (2003)
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,

97

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 )

98

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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p38

MEHP

BPA

MEHP

BPA Flu

38 kDa
p38

140 kDa

p140

p140
p140

in vitro
DEHP

p38



DEHP
BPA

2.in vitro
TM4 in vitro
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Abstract:

Actions of bisphenol A (BPA), flutamide (Flu), 17 p-estradiol (E2), B-estradiol
3-benzoate (E:2B), di-(2-ethylhexyl)phthalate (DEHP), di-(n-butyl)phthalate (DBP),
and tamoxifen (Tam) on the male reproductive system in the rat and mouse were
evaluated. Neonatally administered BPA and Flu caused morphological anomalies in
spermatids and in spermatozoa in the mouse and rat. The anomalies were observed
in the nucleus and acrosome. The agents also affected differentiation of the
ectoplasmic specialization between the Sertoli cell and spermatids. When BPA was
administered into the adult rat and mouse, the same effects were observed. E:2 and
E:B also showed the same anomalies. Therefore, BPA and Flu have estrogenic
effects or estrogenic effects-enhancement effects on the rat and mouse. The present
report implies that BPA, widely distributed in our environment, cause anomalies in
spermatogenesis in humans. Neonatally administered DEHP seemed to promote
growth of the Sertoli cell in the mouse. DBP had no effects on the male reproductive
system in this study. Influence of Flu, DEHP, and mono-(2-ethylhexyl)phthalate
(MEHP) at levels of protein constitution were evaluated on cultured TM4 cells which
derived from mouse Sertoli cells. Two-dimensional (2D) Western blot assay showed
that tyrosine phosphorylation of some proteins was increased in MEHP-treated TM4
cells compared with the control. Proteome analyses by a 2D electrophoresis method
showed that several protein spots were changed in quantity in MEHP-, and
Flu-treated TM4 cells. These proteins might be a clue to elucidate the action
mechanism of endocrine disruptors. In addition, they could be useful bio-markers for
evaluation of endocrine disruptors.
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