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MNHERERC=a—u7 47 A NOREBRR
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B. #F 3t Lk
1. X7 x/—ADRE in vivo
Fik 6 BELPDOERZ=/—/ A

(0.25mg/kg) HHWIEEa rr—E L

Ca—rFAz7y Mg &Rk s
(a>ba—ABE4C, VRTx/— A
BEAam L, £% 1 BATT v MH&EF
OEKEREL, 1 AR 4L, FR 4T
IS L, £% 7 BRICHAFE» LA
TR UYMIE) Z I L, RNA flitH 21T
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2. 1. ¥RXAZ7x/—/VADIREEE in vitro

£ 2 BERD T v FHERDL B/
JaZfEL, IMEM It ko TR IV Dva
— ;A v a BN THRERE T,
EX7x/—/V A RTUEEE 2 BEIZ
100nM, 100uM DFREE CRREE L., HINAKEFA
R WST-1 Lo THE LA, £, 8
L2V THRO~—H —F&E GFAP
(glial fibrillary acid protein) 3&H
%, GFAP filkZ AW Ty =X & 7
vy MEIZX DV ERLE,
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KB O 2 B2 R LB B/ MR
L ED DD ERBEO+H e RE 21T
T,

C.H5R
1. By a  HE~DORE



ERAT7 =2/ —WVARBIZX-T, £%
7 REROF R TiE, ARI/MNEOHEREH
A U7 (Figure 1) . BETERIZSW T,
ERT = )NV ABBORERIIR LI
Molo, Fi=, ARTIE, /M. RIRTE
EHhiz, ER7 =/ — N ARBEIZK - TS
I vavOBRRIIERLRNP T, /A
HiEL, 2 rABICEar bo—AgEe Y
A7 =)=V ARBRE TERIHRLTY
. FZ T, A% 7T BEBOTR/EAW
T, ERA7 =/ —/VARBIZX > TREE
BT mRNAEZ RS Y—= S LTe,

2. MEMYIZEIT 5/ HERERLTO=
A7 a7 VAR

ERAT =)=V A BRELER T
HEDOHEART v FO/PMEIZENT, 3
HENHEA T 5/ F L. hormonal
N G tumor

receptor proteins

suppressors & oncogene . calcium

binding protein 72 X%y 50 f, R L~
D LR Hi8{sFiE hormonal receptor,
G proteins . tumor suppressors X°
ohcogene, TGF beta, protease, neuronal
transmitter receptor 72 &% 120 fEAME
Eahiz, £NHT, 2 ADERIII-T
BHRMENED bR F & Table 111
T 5BIOMRNT T, EXT7 = /- A&
BICX->T, MHECERTS6EEH o K
V¥ 7=y PORBAENEML T,
@ £ G6i (inhibiting) 2t X, Gs

(stimulating) BMHDERESFHEFITHE
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mLcwnwi, £, BREEMHZEERD
BT, K83V D2, D4 RER, ==2Fr
HRARH ) T EFL2Y SEEED
RERLWINT L EMRENT, ERT
=/ —NVABRBOFARAT v MMETIL, &
2R Y R—E CORBRIED> Tk
27N, INETV 2 CRARTEEICRE
BHLTWeE, ATV 2V EESHD ras
77 3% Y — «Kir (kinase—inducible ras-
like) OREBEIIEDL LT, PKC (protein
kinase C) ML ras 77 IV —TH 5D
Rin (ras-like protein in neurons) D3
BEIBEMLTWE, £, MDA (N-
methyl-D-aspartate receptor) 3Z{& 2A.
2B, AMPA (3H-alpha-amino—3-hydroxy-5-
methylisoxasole-4-propionate) &k,

GluR2 (glutamate receptor 2) IFBIEIZ
EBIR bbb otk, —F, EXT7=x)
— ) A ODIBREIZ X o T ., nGluR
(metabotropic glutamate receptor) @
9%, mGluR 2. mGluR 5, mGluR 6, mGluR
7 OFBBEIIPMLU TN, DA
D%V GluRl ORBERICERITR LR

27,

3. TMRIEEHRHE~DOER T = J— A R
B

£% 7 HRZBIT A4 R0/NHERIX
M LTS, IS EMIE T,
VR x ) —/v A OREBIZ X » CTHIEAHEA
P EIhadZ EdREaN (Figure 2) ,
7Aoo FOIBEREBTHD GFAP 3
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2. ERXT7x/—V A RBECEMTAE4
fF/MNEOBEBEFARZ V=
ERZz /) —A A DR LT, #
BLEVEZEEOP T, F81r D2,
D4 ZHE, =aF MERLRLY HET
tFAY) CREEOBRERLNMT S Z
EWRmREh, #HoT, EATZ7x=/—/N A
BEIcL-T, HBiCTEFAL2Y R R
I U Y OMBREECREN S B AREN
ZZz b, FEBE, in vitro HER T,
VRZ7=/)—NVARBIE-T. 7TEFL
a Y X B F v RATEME(L - AR S
BHAAEEINDZ LA B|EEINTWS, £
oo RARIVEFRER DM 2GR by
VIR TRESRINTSZ EAHEINT
W5, 54EOER T2 ) — A BREICLS
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K33 D2, D4 ZEBFEHEOHMIT,
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Fl, w4 70T VA ORETHLL, T
AN b— ¥ ABEEME T THX. bel-2, bax-
alpha ( bcl2-associated X protein
membrane isoform alpha) . caspase3 @
WINOERBLBEML T\, EX7
J—Jv A IX Ca(2+) ATPase MiREZFAEL.
TRV REHEFETDHI LN, HBREK
M TITRE STV, Fi, g

. MRz T, Ca(2+) ATPase 271w 2

T 5 & bel2 BEBROBMMBHESALTY
B, EATx/)—MARS harFY TR
BOWTATP ABEMABFTIZ L bBEEh
oo BBRLAXSIZ, YRAT7x /) —/LAIR
BIZL T, INLED2 Y URERNED
THZ LD, ARARICENTH, B
WZANEY 2 Y &N T 5 Ca(2+) ATPase
R EOEEESAFEN, THEF—R%
SlEEITAREMENE X b,

3. AP~ DER T =/ —L A B}
O E
INEIHOER TIE, EA7 /- A
BRI L o T, MM Sh T,
1 DA 70T VABFOERNL, B
T2/ —NWVABRETIEZ, TRV RE2E
T 5 bax DWMBRD LN, i, &
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Ishizuka M, Kim Eun—Young, Iwata H,

Tateishi Y, Shimamoto Y, Yoon Seok-Joo,

Maruyama Y, Chiba I, Ibrahim SZ,
Kazusaka A, Fujita S. The effect of
bisphenol A on the cerebellum
development in necnatal male rats
following uterus and lactational
exposure. (#&Fa)

Kim HS, Saito K, Ishizuka M, Kazusaka
A, Fujita S. Short Periecd Exposure of
Di-(2-ethylhexyl) Phthalate Regulates
Testosterone Metabolism in Testis of
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Prepubertal Rats. Arch Toxicol.
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Sakamoto KQ,
Masuda Y, Iwata H, Tanabe S, Akahori F,
Ishizuka M,

Kunisue T, Watanabe M,

Fujita S.
of

Kazusaka A,
Accumulation patterns
polychlorinated biphenyl congeners and
organochlorine pesticides in Steller’s

sea eagles and white—tailed sea eagles,
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threatened species, in Hokkaido, Japan.

Environ Toxicol Chem. 2002
Apr;21(4) :842-7.

Chiva I, Sakakibara A, 1Iwata TH,
Ishizuka M, Tanabe S, Akahori F,
Kazusaka A, Fujita S. Hepatic
microsomal  cytochrome pd4b0s  and
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differential response of seal species
to  Ah agonist
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Environ Toxicel Chem. 2002

Apr;21 (4) :794-806.
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Table 1 List of genes showing up— and down-regulation in cerebellum by BPA

exposure

Induced genes

Accession Expressio
Gene name Gene function
number - n
Basic
Y00396 c-myc proto—oncogene 2.20 Transcription
Factors
Bel Family
U49729 bax-alpha 3.29
Proteins
Energy
AF019973 | neuron—specific enclase : 2.69
Metabolism
G Protein-
AJ002745 | chemokine receptor-like 1 2.72 Coupled
Receptors

: guanine nucleotide-binding protein
AF001953 2. 36
beta subunit 5 (GNB5)

guanine nucleotide~binding protein
M17525 alpha stimulating activity 3.23 G Proteins
polypeptide

guanine nucleotide-binding protein
M17526 7.48
G(0) alpha subunit

Growth Factor &
low-affinity nerve growth factor
X06137 3.02 Chemokine
receptor (NGF receptor)

Receptors

Growth Factors,
transforming growth factor beta 3
U03491 2. 96 Cytokines &
(TGF-beta3)

Chemokines

(92289 prostaglandin D2 receptor 4,09 Hormone
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M84009 dopamine receptor D4 4.83 Receptors
Intracellular
Ctk: non-receptor protein tyrosine
L34542 2,21 Kinase Network
kinase
Members
Intracellular
R-PTP-A; receptor protein-tyrosine
L01702 2.35 Protein
phosphatase alpha
Phosphatases
Intracellular
epithelial discoidin domain receptor Transducers,
L265625 2. 44
1 Effectors &
Modulators
neuronal acetylcholine receptor Ligand—Gated
131619 2.04
protein alpha 7 subunit (NACHRAT) Ion Channels
X03362 erbB2 proto—oncogene 2.03 Oncogenes &
Ear-3; V-erbA related protein; COUP- Tumor
U10995 ) 2.43
TFI transcription factor Suppressors
Other Membrane
Jos166 solute carrier family 4 member 2 2.73 Channels &
Transporters
Other Receptors
U87305 transmembrane receptor uncb homolog 1 2.17
(by Ligands)
Other
Trafficking &
D28512 synaptotagmin III (SYT3) 5.04
Targeting
Proteins
Serine
X63434 urokinase—-type plasminogen activator 2.02
Proteases
Reduced genes
Accession
Gene name Expression | Gene function
number
sodium/potassium~transporting ATPase ATPase
Jo4629 0. 46
beta 2 subunit Transporters
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Calecium-

X13817 calmodulin 0.32 Binding
Proteins
M75153 Rab-11A 0. 36 G Proteins
J05189 neuromedin K receptor (NKR) 0. 48 Hormone
Receptors
Intracellular
13396 Janus tyrosine-protein kinase 2 0.34 Kinase Network
Members

Oncogenes &

X13058 cellular tumor antigen p53 (TP53) 0. 43 Tumor

Suppressors

Other Immune

D10754 proteasome delta subunit 0.42 System
Proteins
Other
DB3598 sulfonylurea receptor 0. 48
Receptors

During the gestational and the lactational perieods, dams were orally treated with
BPA (5 mg/L) dissolved in distilled water. The expression levels of various genes
were examined by ¢DNA microarray technique using male rat cerebellum mRNA at the
postnatal day 7. The determinations were carried out twice and the expression

values represent average from the two independent experiments.
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Figure 1

Effects of BPA on the weight
of brain sections from pups
at the postnatal day 7.
During the gestation and the
lactation periods, dams were
orally treated with BPA
dissolved in distilled water
(5 mg/L}).
SD) indicate % of cerebellum

Mean values (*

or hypothalamus weight /
Closed bar

indicates the weight values

body weight.

from control pups and open
bar shows BPA treated
N=12-16 in each
*p<0. 05.  A)
cerebellum. B) hypothalamus.

animals.

group.
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~ 1201
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b 100~H -
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8
& 407
3 207
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0 10° 10°

BPA concentration (nM)
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A Cerebellum

0.6
male female
04 | *
s T
02
0

B: Hypothalamus

0.6 male female
0.4 1 I
0.2
0
Control BPA Control BPA
Figure 2

Comparison of cell viability (%) in
harvested cerebellums treated ‘with
DMSO or BPA. Cerebellums of male
rat pups at postnatal day 2 were
The cells
under the
conditions of 37 C, 5 % CO,, After
the 2 days of pre-culture, the
cells were treated with DMSO or BPA
at the dose of 100 nM or 100 uM for

The cell proliferation

collected and harvested.

were maintained

7 days.
rate was determined using WST-1. =*
p<0. 05, *k% p<0. 001




EASBHERARMIE  (FEFOERERIIHEER AT
SHAMERER

FAPRAF X B neonatal £ TV T 4 IO RAT O RREEER O
—in vivo iZBII 3 AT o4 FREREOEE)—
FHEFEE RFEHHBEE AbhE K FERER R E TR

REESEAZRE BT

SEEHE HEIE— AR - KFEREREFEF AR
RERERZSRE 82

FRBHE MEL— IR - KB E LR
| BB E R R

BEEE

AL H AT, MRS sEL., HERy P9 —2 2R T IEERNHT
Hhb, FiZ, MILBETCIRALSNMOR T oA FRAE L ~ORBEFIERAEOEITERIZIE
LTWAZEFHLNELELE->TWD, - T, ZONMONZINEELFEDE~DBREIL.
AFaf FEVEAATLBMA 7Y T 2 T2 BE L. ERRIEMECHERRE OMT
BRI TAZEBREENS,

RTERITBRAINIZ BT, Tued—ER0AT 0 Fba BEFRENEDOL 5 2EH
ERTOPERALMI U, REFIE, FK 14 FEIZ8 &K&. CYP19 (Trey—+¥) ®
RFaAf N 5o BB, 38HSD, 178HSD 22 ¥F R FRFurREICEb IR
BEAYOL I REEL2ZITADHM%., real-time RT-PCR 2L 2T, mRNA UL THLMIZ
L=,

In vivo ERRIZBWT, AZA~DEALEHMOT R AT 52 -T, 72 Bl OH
EFET v FOBETESTIX, 178HSD, 7<= —¥ mRNA IZIZEEBR SNl R
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7aA4 K ba BEMRORRIL., 2> bo—-ABIZATHEEIZHA L, £, 38HSD
D oRNA BIRL~E, TAMATOVREIZ X2 TERTAZEBH BN E ST,

A TR ER

ML CTIIEEYROR T 1A Fh
OGP ERB L O TR 2B L
TWAZEBALNERL2TND, - T,
T OEH DA S IMHE L F D E~DIR T,
ATaAf RRLEAZLDPA TV T
47 RBEL, EE 2 {EOERARE
DEATENVEZHELT 5 Z L E a3,

BB MA ) T4
iix, 7ao<eF—¥ (CYP19) 2L 5T R
FRFO VDA T UF—NVOERBT
FAIRTHD, . TRAMATFurD4ES
ERIZiX 38HSD, 178HSD, CYPI7 22X & ¥
SERBBEESEDoTWA (1), &
TPk, A7 oA FERMERIAERESRPRITE
LUAMZ, b ERETREL, =a—0o
A7aA4 FOERSRIZFE LTS T &M
WEShTWSE, UL, AECBITD
Za—nRAF s FOESEFHEN Adult &
ED X DITIED OMZ 20T, HSMniz
Eh TRV, £ZC, AR TR, B4
HICBITABRMBOT A NAT O R
BHO=a—nA7aAf FEELIZFDX S
REBEREZBONIZOVWTHLMNITS
. LTOHEBRETo1=,
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FTARARAF O VIREIZ X 5T, 38HSD
@ mRNA EiI¥imL-, —F T, FABR
ForEEHERTe FnF R bRTr L
EHTD 5o BTEEER (type2) OFEHEL
AULIET A B AT 0 SRR THEEIIHAT
HZEBRHLNER2STZ(R2),

D. B

BAEMD in vivo DBRE T TIXT X
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BAamEl S, #€- T, in vivo TiXF
AMRATa rOREERICESTT VR
¥ UoEEDADTMICHENBITT S WEE
BB L bhis,
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Kazusaka A, Fujita S. Short pericd
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metabolism in testis of prepubertal
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rats. Arch Toxicol. 2003

Aug;77(8) :446-51.
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Akio Kazusaka, Shoichi Fujita.
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EEDORBBDBFEHRUUERRIE ethylhexyl) phthalate regulates

DB testosterone and arachidonie acid
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@ Joji Tsunada, Mayumi Ishizuka,

Akio Kazusaka and Shoichi Fujit. B) NAFT v AL - BEEHES

Transient neonatal exposure of (D Hyung-Sub Kim, Mayumi Ishizuka,

brain to testosterone surge Akio Kazusaka, Shoichi Fujita.
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metabolisms in testis of

@ Naosuke Saji, Mayumi Ishizuka, prepubertal rats.

Akio Kazusaka, Shoichi Fujita.
Biomonitoring of the Harbor
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Cytochrome P450 of Minnow

4) Annual Meeting of Society of
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cYP1 l

YP11
EIZEVE-D mumm) memp (7] =) FTTPEII-

18 HSD l aausnl laausn
cYP1?

CYP1]
TRy [T

CYP21 CYP2! 18 HSD
CYPI ! CYPI l 1”3“50

2ULF UL
CYPI l l CYP18
FI-FA5FOY IRARSUF—IL

B1. RF04 FRLEVEESRER, Preg. : 70d /0,
DHEA : FE FROXE7Z > FOARFOY

1.5

5a -reductase-2

0.5

relative to control

CON TP LOW TP HIGH

2 PRMETHIZBHTS50RTHEOMRNARRLAILOEE, £k 4
BZEOARSY MIFRAFRATOVER TFEELRETHM=EITS5
o BRBRORRE % real-time RT-PCRZZBVTRIELS, TP
LOW: FAR FRFR 100ug/PE, TP HIGH: X FRF OV Ing/lEETF
5, CON: #BHEE LTa—CF M LERSLE
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BAZMAERARMNE  (AFRERERBTHEETLERE)
SHERT I &

T APRT Y D neonatal ) T 4 RO AT oA FIVBIER
—F Y THBIBITF A AT o FREEBOLEE—
FLHRE AEREEHE LE K EFER LR E R TR
RIESERZHNE BT

SHAMEE  BiREX ERY: « KFFEEREFLTIR
BREEIRERERE BhEdR

mEEAE #Ek= eE K - KRB E LB 7ER
BRETERES B S

HrREE

FV T2 -0 VIR TAT o4 FRBEESBEE ISRV EREE ST
B, £EZT, IV THRRAO=a—a X7 oA FEEAREN, AEMOAT oA KRLEL A
YTV T4 T EoTEDLITERTHONCOVWTHE~E, 7Y 7HANE C6 M
fase, FEFNOFEKRTRORISRAMBTIX, FRAIATForOREIZL-T, Tues
—¥, AF7 04 Foa BIEER mRNA 12L& BIZRBEL AR ER LT,

TAMATOCORBETHY . BIERCHAMICEARS LS L, IhBEREL
BT R T U ForRAFur2HHE L2 25, C6 HIRIPIRE Tl Sk @{Hs
R TIE, 17TBHSD IZX - TERREND TV FuaRT U U —ANREERRJHE LT
Rz, £OA&RGERE IIREE 36 % TRMERTEN D - 12,

ATFFEEEH HWRBETEHRALMEO R T o4 KR
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EDOLIHIREFHTADNIZDWT, real
time RT-PCR 35 TR T 5 AHEEE nRNA %
RET 3 Litic, REMHOBIEEZT-T=,

2. 70 7THIk (C6) IZBWAHTAFARAT O
VIRBORAT u A FEGHFI~DOE
ERO#ETCATO AL FAALELOR
BB 2o TR, 7Y TR
TERWZ EBFhsTWS, 22T, Fv
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