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II. FHEAEE O®REE
6. fBEHMEEC A7 2 /) — L A DM T N T 7o—=aF 7 I NHREOBELIER LD
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TEMIEE SRERC RERSIRT BiR

R E

ERATZ7 = /)= VAGHEROEBIUCE D N T M7 7 r-=aF o7 I FRRICB RIETR
HNOERT7 = /) —/VAMN3-E RrX ¥ XL ="OREAIZR S 9 % Kynurenine
3-hydroxylase {EMEZ HE L T\ D Z RS Llz. £2°C, EA7 =/ —/LA® Kynurenine
3-hydroxylase ~D[HEZNR % in vitro THX72. ZOREE, {EHEIIEAT7 =/ —LAILE > T
HE Sz, T7ebb, BA7 =/ —/L Al Kynurenine 3-hydroxylase i PE 2 LET 2 2 L2 &
O, NI T T7y7r-=aF o7 I NEEEEZIRTIEL LR LNERoT.
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Foxlx, WoWBEEMERMICET b
TWHERTZ = ) — VAR KN S vNT7 7
—=aF 7 I NEEEREZHEICHET S
TLEHELEY. b FEETHILEWIT
BHEXZ I OF TROMLEREDZ T A
Ty (EXZIVByt b)) 29 TIcE
ZIURERSTNDH=aF o TIREL
TERLTWDR, NI T rT77ohbh
=aFrT I REARKT R KEEA LT
WD ARAR R BEE LTS
Ytr, TAT T UDRIS0%IT M) T N7 7
vibHEEn TS Y. LRS- T, B
A7 x /) =)V A DEIUZ X - T, Ris#gx
BEAHEIND &V ) FRITARFES E
HEARBETHS. AR "TIE, Ty ho
BRI AR EE 1% L~V TOREE T~

TeDHTH T, KWL, REEHERICE

@%&iﬁﬁﬁ%f&%@W%%uwﬁﬁ,
(Ao v F I AREHHT R D A T

Aé_&%E%kaﬁﬁm,m%%a:

DTHETS.

B. WF7E 1%L

1. R

FARHIER LIz hBA v, L-ATF A=,
ya%iﬁ%%%I¥WHiwﬁﬂbt
IR T WERA (AIN93 Bld ; AIN-93M),
&:/@a(Am%E%§;Am9ﬂm,E
WA ) RN 134 = X VEERET
¥ () XvlEALE.

PR ARG PEY) O E B AR & L CE
LT VAT =g, XU U, 3o
VLU, 3-BE RRX VT AT =V,
N'-AFL=aF o7 I F (MNA) IFH 1k

I (BK) kv, /U8, =aFr
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TN, FTIVERE, VRTZIEY,
TAINLEUEE, EAT ) —L AL
MR T (BK) LVBEALZ. N-2FL-2-
YU RS- ARFH IR (2-Py) I
Pullman & Colowick ® FE Nz L v, N'-2
F-4-EY RU3-HREFH I K (4-Py)
oD HENCEVAK L. 4B Y R
X UM (PIC) Xv 7~ I () &
DIEALT-.
2. EWOERE L
AREBRITEE B R F B ERE B S
KREZTT-.
il B = ORFE L 22°CHIfZ IS, I 60%HT]
BICHHE LTz, BB A 7 Vi, R0 6 FF
~F% 6 Rp& B, ik 6 IRp—/FHll 6 IFE T
AhEE L7,

3 WD Wistar RIEZ v FEHAKZ LT
(BR) L VEAL, FEEREMZFFLL
5 X9 5PEFo3HE (0, 0.1, 0.5%E AT
=/ —IVAGER) a0, Ty AR
27— (CT-10, BAZ L7 IRED (12 Aduiz.
Al HT Table 112" 20% A o BE
Fe— Ll U iBR T, #IRE T 0.1%,
0.5%% & efil a2 e b5- Lz, flE Wi 22
HIC, fktEAKIZEBEREL, 1 B2
WL 2 HEBEZOFFT 910 FRHZH LWL O
EXRMUTZ. £, TORHAE L fEHE
B 2 JE L.
FEFrEEH O 1 AR (PRl 10 Re—F A
Al 10 F @ 24 WEH]) &7, MU T R7
7 UREEY, =aF U T RBLOED
REY, F73I2, VR77E, PIC
ZRET D7D DRIZSNTT 5 £ CHMERE
T, 20CCHRIFLZ. TAaLE VEEL
ZTORHEY (T kT 2AaLe g,
23-U b a L g) ZRIET D720 DRI



10% A 2 U T2 5N L7z, 20CT
R LTz,

FBREAE B OFRIRBIZT v D2 BsaER& L
FHEEeE A L, EEEAHE L. IR
MY T F T v ro—=aF T I NGk
BARBEDEOWEIHER L. 723, xt
REEDOATIEIL, FX L= 3-t Fexi
—BIEMEDWE AT L7z,

3. ik

3 MUV TF b7y r-=aFr7 I FMUH
PEW) DRNTE J5 15

JR%Z 045um OI 7 17 4 )LH—TAHil
L7t%, TUVRAT=A®EY, XL ?,
FHov LU Y, 3k FrFL T UoRT
= OB XU 2 U VR VR4 2 STRRIC
s~ L7 HPLC J& CHEBENIE L7z,

R D MNA OE®IL, 587V VT
LSV ANV e s Nl i )
HOEWEI AR L, ZiZ HPLC ([ THIE
L=,

R D=aF 7 IR, 2-Py B LU 4Py
DERIT, RIZKEET Y U L EfFENZ
7ot%, YxFLo—7 0 THI L, §7EE
Wit 2 KM L, 0% HPLC
ICTHIELE .

32 FXL=y 3t Furxy7—FEC
2.1.3. D)IEMEDORIE F 1k

Z v b D HE L 72 B O RFi & Ak &
LC, De Duve & PO Lm0y Wik
L7 ->T2 bay RYTHESEE, #
N EEREN 10 mg/mL FREICR D KD
ZHE Y 8 50 mM U R U U AFRETTR
(pH7.0)(Z k8 L7= b D & ARERTEMEIR & L
o BERFUSITSER - FE YR EWE Lo
BTz, £, BUSEHO 3-t R
UEX L= ORIE LR - FE YRS
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L 72 HPLC JEIZHE » 7. flHICHAT 5 &,
FRMEDOFEFR SUGHRL (228 500 u L) 13k
DEY THDH. 50 L @ 0.5M Tris-HCI FE1E
i (pH8.0), 154 L ® 10mMKCN, 50uL
?® 100 mM KCI, 10 L @ 10 mM NADPH,
10uL @ 10mM Fifig L-F XL =, 10uL
DxTH )=, 255 L DK, 100uL DI b
ay RYTRER. 2 har R 7 RER
IS 2 Z & CRISZEBML, 37CT10
AT T2, AR IR 70%iEBEREEZ 40 L
WINT 52 & TITo 72, 81k SRR
JRR A =S T 5 o HER, 10,000Xg, 3
Sy LSEET S 2 LT, BiEES. Ik
BIZIE 500 L oKEM %, 5 SrRiRAT,
10,000X g, 3 srffEO7EET 52 & T, |k
EefGe. AbdkETo 3-8 kedyv
¥ X L=2% HPLC ZAWTHIE L= 'Y,
AT x ) —)L A DKBESZTEMIC KITT
BETAN5T2HIZ, 5 mM, 25 mM, 50 mM,
150 MM IEEEDE R T = ) —/L AT X ) —
MR EER LTZ. 2RHDERT = ) —
VA T ) — VIR A R RS AR D
& —v (10uL #I0) ooy IiziimL
7o LTeino T, BROSHAIE HF O IREE 1L
0.1mM, 0.5mM, I mM,3mM & 725 (B,
Fig. 5).
3.3 RHOFT I (X IB) OHIE
Fik
AR, AR S W Uik
OF T I VRIEFIEICHES T-. HPLC {EAH
AEHE, #BORE 0.45um DI/ 17 ¢
N —THBLIZIRET D, AR HOFHIE
TIE, FTIVEDTLTHEELI-#%, K
JSIRE LT =2y T7 Ak Y o A L KER
fbF b U U BREREFR L TWDHD, B
BMEPMEN 2 72729, Fig. 1IRLEZX D



W2, IXLDIZT7 =Y T Abh U U AEIR
IR L, WRITKEEET N U U LB & %
WLz, ZOHEBRICEY, BEMEZED L Z
LTI Lz, &tz iR L.
BEIHIT 0.2 M NaH,P0, Z VY, ¥ 1.0
ml/min Tt L7z, SHE 1 1% 0.01% KyFe
(CN) ¢ T 0. 15 mL/min THEL7=. K
#% 2 1% 15% NaOH Ttk 0. 15 mL/min Tt L
7o, RO 22 A JVIX PEEK 7 = — 7 (4}, 1. 80
mm ; NS, 0.50 mm) TR SIE 1200 mm, 7
Z A% Shodex Rs—pak NN-614 (150-6.0
mml.D.) ZfEMA L, U7 AEEIX 40°CITHE
FrL, MHEmEkRE 365 nm, @GR
435 nm T{T~>7=.
3.4 ROV RT7ZErOREHE
REPEVRZZEUE, VAZIZEVAR
DNFET D dOt A dOt AR & @ HPLC T
HE L7z 190 HPLC dEAHRENT, 07
JR%Z 045um DI 707 4 )X —TAiEL
TR ToHDH. 717 AL Tosoh - 80Ts (250 X
4.6mm L.D.)Z Hvy, BEHHHE L TIE 10 mM
NaH,PO, (pH5.5 ; 6 M NaOH T pH % if#) :
AL ) —=T:3 ZM ] L7z Jitii3 0.8 mL
/min T, 77 MR A0°CITHERF L=, M
Hik, WiEKE 445nm, #=EEE 530nm C
1T-o7=.
3.5 JRHO PIC DRIESHIE

v 4 X v By D BACRETEY T 5 PIC 13,
PIC BEANHT 2 H0t A4 40t bR f & o
HPLC T#liE L7- 7. HPLC A BN,
LD IRE 045um DI/ 7 4 )VH—T
Al LIZiK T 5. BEhtH & LT 500 mL O
HEFIAKIT 85 %Y A 23 mL WAL,
50%KOH T pH 2.2 (2584, 900 mL |Z/E
RLUT=#, 100mL DA X ) —)VE2INzT-
DxEMH L. » 7 AlE Tosoh TSKgel

7

ODS-120A(250 mm X 4.6 mm IL.D.)&fEH L,
Pt 1.0 mL / min Tt L7z, 7 ANREE
30°CITHERF L7z, JE IR R 355 nm,
K 436 nm TIT -7z,
3.6 RPOTRAanNE R (BRI T Ao
BRI T R oL UE+2,3-Y
v ra g OREFE

ALY CEBEBET CRAFELIZRE
Kishida 5 WO HEIZ LN ->T, A%
FHERICER LI BEEB I o7
Z A% Waters u Bondasphere 51 Cis-100A
(150x3.9 mm LD.)Z M\, BEifHE LT,
7 = bk UL 500mL (ZHEHREEA 0.1% (2
72D X9 MY =TT I (pH3.0)RIK &
MMz 7%, /KT1000 mL 2 L7=$ D&
L7z, 717 HIEEEIT 40°CITHERF L, WiiiE 1.0
mL /min T, #MHiE 505nm T{T-7=.
C. MiR&BE
1. RE & fEHE R E A~ D 2
YT v NOEKEEINE (Fig. 2-A) & fil
BHERE (Fig. 2-B) 1%, 0.1%E A7 =/ —
v A RINE CIE R L i L€, AER
KTIEERD 2oz, 0.5%RINEDOFE
Bl ko, REENE D SEHERE D
SFIRAE & bl L CH B T L.
1.2 ffgsE R~

0.1% 27 = /—)L A TINBEOF51T,
Table 2 |2/~ L7z & 912, ik, Bk, ok,
sk, MR, M, HEEROSEREID, 2<KE
B 5.2 IR 12, 0.5% AN TIE, AT,
VAN v Nl ol I G e ¥ 5 R Y
ZoR L72AY, 100 g RE 472 0 OfEICHR L
AT, EREROLRNoT. AERE
ANRBOLNTZDIE, WHEOBLTH -7,
L OlE#EEICITAERITRD ol



13 MU 770 -3-BE R 7R
T = VIR R~ D 2
Figure 3IUWERLIALEMIZINY S N7 7
yo=aF o7 I N O B

PriET HHFRERHED THD. ZNbiE
BRI EAERESNZ2NZ EnD, JR
o~ HEE & 23 1 F iéﬁk%%ﬁﬂﬂ%ﬁ—é

0.1% A7 = /) —/L ATRINEDOERIZ X
772?:»@@%%%@%ML,%2V
ERITHEIME R & 7R LT2. 0.5%IR A Tl
T YA VBRI IME M AR L, FX L
VERITAEEICEI L. 0, oYL
VEEB I3 KX T AT VB
AERCENE, 0.1%IINETH 0.5%RINAETH
KREFED 12 BEEEICE TR L7,

14 XV UVBOAREE N T N7 7
ve=aF T X RERERE A~

X/ U (Fig 4-A) OARLEIXEEH
DEATZ7 /) —)V ARIZJSLCTIRT L.
2L FRICHERDS, NV T yr—=aF v
7 2 Rz (Fig. 4-B) IZBWTHA LN
7
1.5 F¥XLb =23k FaxI7—BIHFMEIC
FAFE 35225 (in vitro)

M) T hT7yr—=aFr7 I MR
DOHFFHED DORENS, EAT = /) —
VA DVEEI A F X L= 3-8 Re ¥
T—ETHDEHMESNTDT, KEHRE
PEIZ M E 95228 % in vitro Til§~~7-. Figure 5
IR Lo K 910T, REERTEMEX, RINKIC
%mﬁétx7l/—wA@%MEmmu
THEI .

1.5 JRFP~OFT I, URZ7TEY, PIC
BLOT R anv VEOPREEIZRIE TR
ZHI

EAT7 /=)L ADOERICEY, R~
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DOF T 2 > (Fig. 6-A), VR7Z v (Fig

6-B), 7 AL EUE (ZOLEAIET A2
IEVEE+TE R 7 AaL e UER+2.3-
U s a U ER) (Fig. 6-D)DOHEIRIT AR
IR L7, —J, B4 3 BeDRALAHE
FEMTHDPICIZIE A7 = /) — /L A DI
IZ &0 AEITIE T L7z (Fig. 6-C).

D. #%%
Fexlx, 7v MZ 1%ERAT7 =2/ —L A
eERERNTLHE, NUT N7y —=

aF 7 I FEEENPEE IR T2 L
BHELED I%E AT ) — L ABEDT
v M 1IEHTZY D 1 B OFEEITK 200 mg
THY, {KE 1 kg H7-9 TiX, 800mg & 72
%, ZORITMEMERLE O ELEAD
WA KTV 5 400 mg/kg KE/H Do E
WY L. £22°0C, 01%ERT7 =/ —)b
GHEE, 05%EHRBOEEN N T 77
y—=aF o7 I NEEERICRIT TR
F7- B VT, 6 WE DT v R AW
=0, —RIICEEORARCTVWEEZ S
NTWHEEAL L= TCO 3EKDOT v b &4

[EEAE A L7z, ﬁ%?yFwﬁﬂﬁWEk
REHINCE WY, 0.1%HE TITR
O BRSNS, 0.5%FE TIERRD bz
(Fig. 2). $£7z, FHBHFEZICLIITTR
W@F%% 0. 1% G AR TITE 28 E &

éﬁ#otﬂ,ﬁ%aﬁﬁ@%ﬁi%%

E%@ﬁ?%%k%bkmﬂm}#&ba
0.1%E A7 = /) —VAGHEBOREILT v
MZRNT EOREEZ 2L 52Tz,
LR s, 0.1%E A7) —/L AGH
BOEGIX, *BHECTH D 0%E AR I
LT, NV Fh7yrr—=aFo73IFR
BRI OGHIEEM CTH DT v AT = VR



XXV UBOEARES 2RI KD
DV R S, —J, FHoY Ly
gl 3-t RaXx o7 v AT =V BOEAR
EAHEIK T S (Fig. 3). &big, ¥/
UV UBROELEREZABIKTSE, 2O
REFH LTINS NIy r—=aFoT
I NSRRI N S ¥ (Fig. 4). T
bbb, KSFEEMBICERShL T E
AT x /) —)v A DEYFRREREEHEET
2121F, TN ORHEDELNET D2
ENENTHLZ ENHLNERST.
WIS, AT DCHERI L 72 e AT = ) — L A
OYE Rz i~z AR O PED D%
b, E2X7x /= ADIEHREFX
L=y3-b Rexv syt —vefELzy.
SEOERFER TS, <A CHEHRENR
57~ (Figs.2 and 3). & 2 C, AEERIEMEIC
BRIFTERAT7 = —b ADFE% in vitro
TR~ ZORERIE, Fig. SITRLTZL 9D
(2, IREARAFANCTEMEDSRE Sz, KB
FIIZ < DILEMIT L > THEENEE T 5
ZENHBN TS, 121X, Nishimoto ©H
L, BUSRIC Y CHEE AR D L IEE
INEBEICHRT 5 Z L%, Shin b 234 lllﬁi
B a4 MEESBEET S Z L &, Mayer 5 2
T Cu®" = Dicumarol 2 K % i % %
Okamoto + Hayaishi*?(Z R BREERE FUHE, &
hhbFax L AHHE%, Bender -
Smith™ 1% & % F O 5 F AL AW X DI
A WE L T WD Mille 1%
[Flavin-dependent hydroxylases | & #2735 &
XoH T, £ OFFBHRILE DN
Flavin-dependent hydroxylases (Z J > T/Kg
IbSNDIEEFFEIT L TND.
FXL=23-b FuXxyry—BiFI b=
Y RUTHBICAHET D FAD BEETH Y,
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Wil & LT NADPH #8:k9% . =2
T, NI 77 r—=aF 73 FNiE#
RIEICB S % BREEZ I v ofEhick X
ETREE T ORI Fig. 6 1OR
L7=Loi, 73 (E¥IVB) &V
A7 78 /(EX I Bkt &N A7
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% XV Be DEALRBIFEY T o 5 PIC 1T
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EMb, Ty MIE ATz ) —L A FEK
Bl UCERER L, KEBREAMINEET,
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Table 1. Composition of the Diets
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Control diet Test diet
(%) 0.1% BPA 0.5% BPA

(%) (%)
Casein 20 20 20
L-Methionine 0.2 0.2 0.2
Gelatinized cornstarch 459 45.8 454
Sucrose 22.9 22.9 22.9
Corn oil 5 5 5
Mineral mixure'
(AIN-93M) 5 5 5
Vitamin mixure(NiA-free) '
(AIN-93-VX containing 25%
choline bitartrate 1 1 1
Bisphenol A 0 0.1 0.5

'AIN 93 was used (Reeves, P. G., Components of the AIN-93 diets as improvements in the AIN-76A

Table 2. Effect of Dietary BPA on the Organ Weights.

Control 0.1% BPA 0.5% BPA
Liver (g/rat) 7.77+0.55 7.244+0.32 6.27+0.17
Kidney (g/rat) 1.62 +0.07° 1.54 +0.07° 1.29+0.07°
Heart (g/rat) 0.71 £0.03 0.66 +0.02 0.59+0.04
Lung (g/rat) 0.92 +0.04 0.89 +0.04 0.80 +0.03
Spleen (g/rat) 0.61 +0.04° 0.57 +0.04™¢ 0.44 +0.05"°
Brain (g/rat) 1.10 +£0.04 1.09 + 0.02 1.00 +0.03
Testis (g/rat) 1.58 +0.08" 1.50 +0.08" 0.65 +0.03"
Liver (2/100 g of b. w.") 4.71 £ 0.16 473 +0.16 491+0.14
Kidney (g/100 g of b. w.) 0.99 +0.03 1.01 £0.05 1.00 +0.02
Heart (g/100 g of b. w.) 0.43+0.01 0.43+0.01 0.46 +0.02
Lung (g/100 g of' b. w.) 0.56 +0.01 0.58 £0.02 0.63 +0.03
Spleen (g/100 g of b. w.) 0.37 +0.01 0.37 £ 0.02 0.34 +0.03
Brain (g/100 g of b. w.) 0.67 +£0.04 0.72 +£0.02 0.79 +£0.03
Testis (g/100 g of' b. w.) 0.96 +0.03" 0.98 +0.03" 0.48 +0.02°

'b. w. = body weight.

Male rats of the Wistar strain (3 weeks old) were obtained from Clea Japan (Tokyo, Japan) and

immediately placed in individual metabolic cages (CT-10; Clea Japan). They were then divided into
three groups, and fed ad libitum for 22 days (Table 1).

Values are means + SEM for five rats; different superscript letters mean significant difference at
p<0.05, calculated by Student-Newman-Keuels multiple comparison test.
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Fig. 1. Diagram of HPLC System for Measurement of Thiamin.
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Fig. 2. Effects of Bisphenol A on the Body Weight Gain (A) and Food Intake (B) in Rats.

Male rats of the Wistar strain (3 weeks old) were obtained and immediately placed in
individual metabolic cages (CT-10; Clea Japan). They were fed ad libitum the food (Table 1) for 22
days. e, 0% bisphenol A (control) group; o, 0.1% bisphenol A group, A\, 0.5% bisphenol group.
Values are means + SEM for five rats; a different superscript letter means significant difference at

p<0.05, calculated by Student-Newman-Keuels multiple comparison test.
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Fig, 3. Effects of Bisphenol A on the Urinary Excretion of AnA (A), KA (B), XA (C), and 3-HA (D).

The 24-hour urine samples were collected at the last day of the experiment. Values are means + SEM

for five rats; a different superscript letter means significant difference at p<0.05, calculated by

Student-Newman-Keuels multiple comparison test. AnA = anthranilic acid, KA = kynurenic acid,

XA = xanthurenic acid, 3-HA = 3-hydroxyanthranilic acid.
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Fig. 4. Effects of Bisphenol A on the Urinary Excretion of QA (A) and the Conversion Ratio of Trp
to Nam (B).

The 24-hour urine samples were collected at the last day of the experiment. Values are means
+ SEM for five rats; a different superscript letter means significant difference at p<0.05, calculated
by Student-Newman-Keuels multiple comparison test. QA = quinolinic acid, Trp = tryptophan, Nam

= nicotinamide.
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Fig. 5. Inhibition of Kynurenine 3-Hydroxylase Activity by Bisphenol A in vitro.
Values are means + SEM for three separate experiments; a different superscript letter means

significant difference at p<0.05, calculated by Student-Newman-Keuels multiple comparison test.
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Fig. 6. Effects of Bisphenol A on the Urinary Excretion of Thiamin (A), Riboflavin (B), 4-Pyridoxic
Acid (PIC) (C), and Ascorbic Acid (D).

The 24-hour urine samples were collected at the last day of the experiment. Values are means
+ SEM for five rats; a different superscript letter means significant difference at p<0.05, calculated

by Student-Newman-Keuels multiple comparison test.
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