12, BUDI7x Vo7 et ) o AGRIE
EEEL, RICKELET PV Y AEKRER
WL ZORRICLY, BFEHEEZEDDZ
LRI L. G &R TR L.
FEIFEIZ 0.2 M NaH,PO, &\, #E 1.0
mL/min THE L7z, KIGH 1 13 0.01% KFe
(CN) & THE 0.15 nl/min TH L. KiS
% 21X 15% NaOH THi# 0. 15 mL/min THE L
fr. R A VI PEEK F = — 7 (4ME, 1. 80
mm ; PIEE, 0.50 mm) THEXid 1200 mm, &
5 A% Shodex Rs-pak NN-614 (150-6.0
mnl.D.) ZEERL, &7 LHBEIT 40°CITH
L, RAHEEERE 365 m, HIEHEE
435 nm TIT-o7z.
3.4 RFDUVR7ZEVDRIELE
RPURTZSELZ, VRT7SEEE
DR DHNEHICRHBA SO HPLC T
BELE 9 HPLC EARRBHY, £
RE 045 m DI 7 4 NF—TAEL
72 THD. BT hid Tosoh-80Ts (250X
4.6mm LD)Z AV, BEIFEE LTk 10 mM
NaH;PO, (pH5.5 ; 6 M NaOH C pH # &%) :
AE = N=T3 %M L. fiELX0.8mL
/min T, b Z7 LABEIT40CIZHEF L. &
i, RS 445nm, FEEE 530nm T
1T-7-.
3.5 R&®PIC DREFIE

v # 3 B ORILAGHE®N TH S PIC I,
PIC BEMRRTLIEXEELREBAAEO
HPLC THIE L7z . HPLC EA B EEHT,
EDFREY 045um DI a7 4 NE—T
ABLEEETHD. BEMEL LT 500 mL @
BRIAKIZ 85 %V EE% 23 mL RMOL,
50%KOH € pH 2.2 (7, 900 mL IZ7&E
BLE%, 100mLDAF ) —LEMNLL
OEFEHRALRE. # 7 AL Tosoh TSKgel

78

ODS-120A(250 mm X 4.6 mm LD)ZHEA L,
FiE 1.0 mL / min THE L7, H 7 AREIR
30CITHERF L7z, Wi idphiEE R 355 nm,
HHER 436 nm TiTo 7=, :
3.6 REOTARaLr @ GBTRTFRa
WE B BERT A2V B2, 3-Y
7 Mo B DEEFIE

AU CEBETTRELERY
Kishida 5 WO FEIZ Licds - T, 2V
BERTBRLEBAEEBIRoT. H
7 IbY Waters p Bondasphere Su Cis-100A
(150X3.9 mm LD)Z AV, BEMHEL LT,
T b= kDA S00mL IZFBEEH 0.1% 12
RBEHT RV =FT I U (pH3OVWEK E
MA 7%, AKTI1000mLIiZLbDEHER
L7, & T AIREE 40°CIZHERF L, Wk 1.0
mL/min T, #&RHX 505 nm T{T-o7-.

C. RELEZE

1. RELFEEHERE~ DR

$EZ v NOKEEME (Fig. 2-A) &
FHEERE (Fig. 2-B) I, 0.I%ERT = /—
NVAFMETIERBELERLT, FER
ETIEED b ol 0.5%FMNE 0 #
BiZX-oTid, AEBNELHAHERED
RERBEL R LTHBETLE.

1.2 BEREE~0ORE
0LI%EARAT7 /) —) A BMEOETSIT,
Table 2 1Z7R L7z K 50T, RFlE, B, OlE,
i, BENER, W, MEOSERIC, £<4F
8% 52 20T, 0.5%0 M T, FTE,
FEE ORI 7 » b %7 ) TIORME
EARLTEH, 100 g REN Y OFEITHME L
TMETiX, ERERDLh o7, FELE
EFRDONTDE, BROAZThHST,
MOBHRERICRIEZREIR D ONEhoT,



13 R ZFPh77v3-v Fuxi 7oA
T = LBERBR~DOEE

Figure 3 IZRLTALEHII NI A7 7
vemaF LT I FERERO ERESIC
(BT B BRABEN THS. ThbI,
ERIZIEEAFBEENR N &b, R
PFADHMENIFEAKRBELZ TS,

0.1% PR 7=/ — L AEMEOTERIZLY,

TR VBOAREIEMNL, ¥X 1
CEIIEEIMEM F R L2, 0.5% MR T,
TR o AEIIEIMERETL, XL
VERXEEICHEMmMLE, —F, YL
VBB LD - FuFd i T AT VO
ARREE, 01%EMETH 0.5%FRMETYH
STRHOC 12 EBECETET L.

14 ¥V VvBOAEREE NI T 7
v—=aF 7 I FIEERE~OEE

x/ VB (Fig 4-A) OARREITEET
DERT7z )=V ABIZSECTETLE.
S EUHEREN, NI h7rr-=aFy
7 I FEE#E (Fig 4-B) 2BV bAHbh
e
15 FXL =13k Fuedi—EEtHkc
FIET R E (in vitro)

Ny FhT7r-=aFr7 I FREFR

OFRERBEDOREN D, TA 7=/ —
VA DERTMERFIX L=V 3-8 Faxd
S—¥ThHEWEENT-OT, KBERE
M RIE TR % in vitro TaW~<7=. Figure 5
IR LIEX DT, AEERIEEY, RISKIC
BINTAERAT x /— ADFMEITEL
THEFEE. '
15 BRP~DFTIy, YR7FE Y, PIC
BIUOT7T2ar e rBOgEICRIZTE
&

ERT7x /) —ADERIZEY, RP~
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DF 7 2 »(Fig. 6-A), UV ART J ¥ (Fig
6-B), TAaNECVEE (ZOBEIIT AT
AEVEE+HTE Fr7 Rale  g+2,3-
V&bﬁuy@)wg&mmmm§Mﬁﬁ
TR LE, —F, B4 I BDELRE
EHMTHBLPICIIE R T = /— A DR
WL W HERICET L (Fig. 6-C).

D. 8
Frit, Fv b 1%ERT7=2/—1 A
eRRPHENTSE, NI orr—=

aF 7 I FEREREEFIRFT5Z L
PRELED I%ERT7 IV ABDT
v F1EH-Y 01 B OEREITH 200 mg
THY, {KE 1 kg H7 0 TiX, 800mg & 72
3, ZORIIMEEFRALE O ELERS
4 XT3 400 mghkg AE/B DOEE
CHY LY, £2C, 01%EAT7 o/ —V
SHE, 0SUEFEREDOEGVR IS T 7
y—=2F U7 I NERRIIRIETHEY
A7, BB VTIE, 6 BEOT vy FEAL
7oAs, —RMICEREORIRTVEEZD
NTWBHILLE-TOSEBROS v 245
ENIERALE. $ET vy hoRHEREL
FEMMIZE JIETTREIL, 0.1%H TR
BN R, 0S%ETIEHRD AR
(Fig. 2). ¥, SRBHERICHL LIETE
BORKERD, QL I%TFRTHEEELRK
IFERDTED, 0.5%SHREOEREITHFR
HBEOETA2 b7 Liz(Table 2). 72 b,
01%E AT = )~ VABERDEEILT v
MIENT EOEB:2 EX ol
L LRRED, GLI%E A7/ —/VAEH
BOREIT, MBEETHD (%TERMELEL
BLT, NV 7Zyrr—=aF7INR
ERERORMENTHLT VAT = VEE
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DV FEREN &R, —FH, FHrYLrr
BL 3-t Re¥ 7 AT o ABOEEAR
PHEBIETE®(Fig. 3). &bz, %/
VUVBOELARZARICETEE, ZOK
REEHLTNI 77y —=aFuT
I NEREFAREIET I AFe 4. T
eht, E<EERHIERAZHLTHSYE
AT x )=V A DEYFENRBEELEET
54, ThooRBEBEZRETSZ
EBEDTHDIZ VAL RS T
WIS, B VCHBI LR 7 S — A
OERRER~A. AREBORMEDOE

Bnd, PRT72/— VA DOEREERXX

V=3 R bdh—vefELi?
SEOERERTYH, 2LFALHRBED
L7z (Figs.2 and 3). & 2 C, AEERIEHEIC
BIETERT7 2/ —/V A ORES in vitro
TR, ZORRIT, Fig 51I3LEXD
W2, WERFAICIEESIAE S, B
FRIXEL DB L - TEEBEET 5
EBmbETWA, 2, Nishimoto &
X, BUSHRIZY VIEERRINT S LiEE
BEBICHEARTHZ &%, Shin b DIT5g
o MEERBEYT S Z L %, Mayer b P
X Cu™ % Dicumarol = kX 2B E %,
Okamoto + Hayaishi®" i3 FURBMSREFOE, T
bhbFaFxi il L BHE%, Bender -
Smith™ i H 5 EOEEHRILEBICL DM
EHEHEL TV S . Miller® 12
[Flavin-dependent hydroxylases| & RBE3 55
Xog T, EZLO0FHFHELEDH D
Flavin-dependent hydroxylases iZ & - T/KEE
LENBRIEEBMALTND.

FX b= 3t FaxsF—¥iEI ba
Y FUTHECTHFET S FAD BERTH Y,

FEEF L LU NADPH 28R+ 5 0, %z
T, M FrT7rr—=aFr7 I NEh
BRRIZEETABREEYZ I ORBHCB X
FTREELH~. FORRIT Fig. 6 IT7
Liz& o, F7Iv (¥¥3IvB) &Y
RI7ZE(EH I B)DOFRERENE R
=/ —VADOBBIZLVERIZEAL, ©
# I Be DRALRBIEN TH 3 PIC 1EA
L7c. BEERENS LV BFII(Fig. 6 DEIT 1 g
DEB B L 72RO E), RP~DEF I
v O RO KN, —iRBIIZ, FNTO
HEEDETZERTLILDLEEZDND.
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AT =/ ABMERIZBWT, Zhb
DHELTHBERERIEEHEEL TV AHRE
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CLTWB B WS EEMHEEIND R,
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Table 1. Composition of the Diets

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 45.4
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
diet. J Nurr, 127, 8385-8418 (1997)).

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

Control 0.1% BPA 0.5% BPA
Liver (g/rat) 7.77+0.55 7.24+0.32 6.27+0.17
Kidney (g/rat) 1.62 +0.07° 1.54 4 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 (g/100 g of b. w.") 4.71 +0.16 473+0.16 4.91 +0.14
Kidney (/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
Spieen (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.

86



4
: S
- 34
o o
° _ ©
g% g3
£ 2- v =
= = 2
w ® ; o0
R0 . ; =)
o 1-
EE S E
s £ EE
= - : : =
D 0 5 fic: e D : ;
0 0.1 0.5 0 0.1 0.5
Dietary concentration of BPA(%) Dietary concentration of BPA(%)
C D
60
34 T a
i 50 =1 é ] B
- 7] ot
c.2 o
o= Nl
o 30 3
= -
2 o ¥ oo
Yo 20 - < :n
¥ F
£ 8 101 E’ g :
= £E ;
A Eia = 0 i
0 =) ) N I
0 0.1 0.5 0 0.1 0.5
Dietary concentration of BPA(%) Dietary concentration of BPA(%)

Fig, 3. Effects of Bisphenol A on the Uriqaxy 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 muitiple 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

= picotinamide.
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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<0.03, calculated

by Student-Newman-Keuels muitiple comparison test.
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Fig. 1. Metabolic pathway from Typ.
Dotted line: mammals cannot conventionally convert Nam into NiA.
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Fig. 2. Comparison of the Metabolism of Trp to Nam among Humans, Rats, and Mice.
The each value was expressed as percent over the total metabolites in each animal.
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Table 1. The Composition of the Diets for Humans (around 20 years old women).

(g/day) Remarks
Vitamin-free miik casein 39.5 The casein contains 87.5% protein, so the net
protein amount is 34.6 g.
Gluten 25.0 The wheat gluten contains 81.6% protein, so the net
. ' protein amount is 20.4 g. :

Cornstarch 274

Sucrose 50

Fats SM:P=3:4:3,

Soybean oil 10.1

Rapeseed oil 13.8 n-6:n-3 = 4:1.

Coconut oil 6.2

Lard 89 .

Dietary fiber Soluble dietary fiber was used “Fibersol“ obtained
Soluble 3.6 from Matsutani Chemical Industry Co., Ltd.
Insoluble 14.4 (Osaka, Japan), and insoluble dietary fiber was used

ramie powder obtained from Tosco Co., Ltd.
, (Tokyo, Japan).
Mineral mixtures 18.0 the composition is shown in the below.
Total amount 463.5

For breakfast and supper, the above powder mixture of 139 g was added 91 ml of water, mixed well,
and which was baked for 9 min at 250°C. The weight of the baked meal was 175 g. The meal and 0.3
g of the vitamin mixtures (the composition is shown in the below) were supplied to the subjects, For
lunch, the above mixture of 185.5 g was added 122 ml of water, mixed well, and which was baked
for 10 min at 250°C. The weight of the baked meal was 233 g. The meal and 0.4 g of the vitamin
mixtures (the composition is shown in the below) were supplied to the subjects.

The composition of the mineral mixtures: 1,100 mg of CaHPO4-2H0, 860 mg of CaCOs, 2,200 mg
of KH,PO,, 3,500 mg of KHCO3, 2,100 mg of MgCl,-2H,0, 60 mg of FeS04-5H,0, 13 mg of
MnSO,-5H,0, 19 mg of ZnCly, 6.3 mg of CuSO,-5H,0, 0.2 mg of KI, and 8,142 mg of NaCl.

The composition of the vitamin mixtures: 3.6 mg (1,800 IU) of retinal acetate reagent (5,000,000
1U/g), 2.5 pg of cholecaldiferol, 4.47 mg of dl- « -tocopherol (5 mg was supplied from oils), 13 ug
of phylloquinone, 0.9 mg of thiamin-HCl, 1.0 mg of riboflavin, 1.5 mg of pyridoxine-HCI, 2.4 pg of
cyanocobalamine, 5.5 mg of calcium panthotenate, 200 ug of pteroylmonoglutamic acid, 30 pg of
D(+)-biotin, 100 mg of ascorbic acid, and to make up 1 g with sucrose.
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Table 2. Comparison of the Metabolism of Trp to Nam among Humans, Rats, and Mice.

Humans*" Rats** Mice*
AnA 1,375+ 187 53.1£10.1 3.0X03
KA 4,994+ 215 1,256+ 186 59.1£2.7
XA 4,252+ 217 791+39.3 4341424
3-HA 3,339 394 15.3£0.9 10.1x1.2
QA 11,208+ 827 1,789£259 5.8%2.1
Nam N.D. 289+18.7 176 18.2
MNA 29,147+2,707 330803 3161525
2-Py 46,74113,241 166319 ° 297+50.6
4-Py 7,070 462 2,183+461 159+29.4
Nam N-oxide N.D. N.D. 1,004+74.2
NiA N.D. N.D. N.D.
NuA N.D. N.D. N.D.

*!Values are means= SEM for 10 women and expressed as nmol/daily urine.

*Values are means = SEM for 5 rats and expressed as nmol/daily urine.
**Values are means = SEM for 5 mice and expressed as nmol/daily urine.
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