3 voREEErFRELTIERELR.

(1) ¥X£IV B, ¥XIVB, 74TV,
RO ERBO A vEF - iRy o HWELL.

(2) ¥Z IV B, IR H, MEYY F¥
o) VERBEMETT 5, EERBCECTS,
MEEFOY Y FE4a ) CBRIRE & SETIRE L [F
Fio 30nmol/] CHERT ARLEYVDHLEF L, I
DREPHERT DO PRI VAmMREL L
TERELI.

3) &3 VB BRE~DOEHELN
0.1~0.2ug/BTH B LIF—XHDHE, &2
T, T AR L LT, HAED 0.2 g/
H¥ b LitsEE LT,

{(8) 8 b7 UER, TAMF-RFEIDLDPDL
AYRIVTHL, BELIZZANE—DER
ORIz L R S HMENBRETHE, LrLLY
6, THAME—EREOERICELLS/%V
FUMMEBRRMAO» TR, 22T, FER
FEEmOoty b T BEREOEEREREDLL
s, Em~ONMEFEELL.

(5) HERZ, TR\ L Y LEEYVHETCIRKT
3. EEOBIE R BFTIEWEC 100 ug/BO7 T
nA e PRI VEEREETS L, BIEORK
e OESR LV EEERCHFT A LT
sfrbve3F—2P b LCEELL

6) vAF g, HREPICRTHEEER LU
FEOWSET T2 Lo, HERERERPEX
S¥5, LypLuns, FOREFMTETDH
B i F—idk, 22T, IOWELE
CTREEME, (0~5VADIROERR)X
(RO = 3 F—HMEDOFHE/ (0~54R
OBRAROLINKE—DHELANF—LEER
DOFHE) } OED CEHB LI,

(7 ¥y CogmoanE, JLROLE
BheblizliedF—2npoRELR.

wEILROMAME
BAFOTX IVERL 1BLL Y ORIE
(HPLEEEMEL 272 L72) »oRHELL,
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mLIRE

ACHERBERF— 22 b L LTHREL
2. REL, 18R EOADREE LI 17RLL
TiLBEIEEGC & 2 RFEEETOT — XL 0D
ThHa, rOEERBHRNOEXIY (F7)A
YIbL{REZIVE) OBRTH A,

LEOKETHE, 2F¥OZ2OREFECF I
o WTERBREETS .

(1) ¥V Py BEMERTrHRLLT
FERBEFEELL. BA (8RELE) OLRER
YUY F&vELT60mg/BE LT

@) =aFr7IFt=aFrg  RERER,
SR EREGHLARR, O F©TH, EH)
PRATL, FRRC b EE FRAEET, REEAR)
5i3, RA (18mLLE) O=2FTIFO
FERE® 300mg/B, =25 rBOLERE? 100
mg/B L L.

(3) FFuia®s sk vE L REERC
5 s BHE (MEMEE, B, CARS, I3,
7 5 EERE, REEE) OREFREINTV A,
BA (18LIE) OLRER ST ufvE/ IV
ZIUBEELTL,000ug/BELT. 2%, JOME
P EFHERECRET 2L 1,700 xg/B LU,

bS] _
WFAFPII—~F AP EE

FAT O vEERETAEERMAWELT,
=2F>7IF, =aFrB FNITrTr P
bha, FA4ATOEREREEOHEY =2 F
7 IFMAUEELTRL, FAT Y UE
(niacin equivalent ; NE) &« 5 BWTRELL.
FYFrTrr-maF 7 I VEREYERL
160 L LI, AT v SBIITRORY LR
Hos, FAT7 LB @mgNE) ==aFx7
IF (mg)+=2F 8 (mg)+1/60 Y7+ 7
7 (mg)

R RFAESEERSECERI LT3 [
A7vv] bk [=aFyT7IF+=2F 0]
DBRTHD, PIFI 77 oEAREINEF
A7vvEEshEe, LYo T, BRPOT
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A7y vLErFED LIz, BRAPOIIVILD
7B (RARCBEROMI%THE) 21/60 %
PUREPES QL6 v, HTAARAEE
BRARCEEINTe LA ERE (9 26T
Slo e X@E YV 27 VHRDFAT VR
(mg) tLTELELLL, '

BERE IR HRENDOETRFER

ERRIL, MEEHANMEED Y A 2B LAY
Ha, Oz, BROATE (EEPETELT
v AR, RBEMEERL LT 400 ug/E O
FEE L,

860 | MgsedE vol 105 Mo 7 2004 12
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REYIY C—BEECHTSEEEE

BUEE T, FFREECERTER I COf
BEEEN I BT Y THBImgEHC LT —
AYiH 5, BEENIERESLRROYEIVC
DERITRREPIR 2oz, FERERL Y S 35
mgll kORI CRERTIVREVD S, #
t>, ZEIRBEET L MY X I CREDETH
RENTVAIEd0, FHLT 2 ARRFAOHE
BUEED Fs, Y2 I CPERTAIEYHEE
na,
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| REIR AT A NS R AT LS, R BT ES,
S RIS B A R T A B MR T 507,
SOM)E LA - R R E RN EE R RS RS
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Vitarnins{Japan), 78(8), 399-407 (2004)

The Contents of Biotin, Pantothenic Acid and Niacin in Mature Milk
of Japanese Women

Toshiaki WaTaNabe!, Ayumi Tanicucar!, Tooru Fukui?, Mari Ota®, Tsutomu FUKUWATARE,
Akie Yornexuso*, Mamoru NisumuTa®, Katsumi SHIBATA®?

'Department of Food Environment Analysis, $chool of Human Science and Environment, University of Hyogo,
Himeji 670-0092, Japan, *Clinical Laboratory, Byotai Seiri Labolatory, Itabashi, Tokyo 173-0025, Japan
3School of Human Cultures, University of Shiga Prefecture, Hikone 522-8533, Japan
Laboratory of Nutritional Science, Meiji Milk Co., Ltd., Odawara 250-0862, Japan
Division of Human Nutrition, The Incorporated Administrative Agency of Health and Nutsition,
Shinjuku, Tokyo 162-8636, Japan

To clarify the concentration of water-soluble vitamins in the mature milk of Japanese women who

had delivered a healthy, full-term infant, the contents of biotin, pantothenic acid and niacin were.

measured in the present study. Milk samples were obtained from 25 healthy nursing women for 21 to
89 days and for 90 to 180 days of lactation in summer and winter, respectively. Total biotin and
pantothenic acid were quantified microbiologically using Lactobacitlus plantarum, and niacin was
measured by HPLC. The biotin content in mature milk was 3.87 ng/ml on average, which was lower
than those reported previously. The average content of pantothenic acid was 5.30 ug/ml, which was
nearly double the value used to set the Adequate Intake in 6® revised National Reference Intake in
Tapan. On the other hand, the mean concentration of niacin was 2.22 pg/ml, which was not markedly
different from the value in other studies. It is suggested that these values are of importance in the
setting of an Estimated Average Requirement for these vitamins. .
Key Words: Japanese women, mature milk, biotin, pantothenic acid, niacin
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EE H, B0 F%, BH @ KH FH

400 R B KAARBE BB T, &H %O

&

PAECBVTIE, TR 11 E(1999 &) IS ARIE
BAEADFEREE—RERIEE—IREINLY,
IOYERPFVT, KEHYFIreEEBITIR
S 6 BEOHEENILDTEESRE., ¥t s
Y, R FUBBLUTA TV ORENEENE
Hahl, ¥ERHEECHEHICS T, ThETC
HEEXNTWEE L OXFEERELUMABROSER
WHEBEHRF—FELTAREL TS, 3512, 3
HBIBWTKEERY Y I vV OREREELEETS
oisit, BRPOY I CEEN—00RELLT
FEHESATVA,

BiLicidy v |, RIS L URBE? Y T
BLEFIVRIATNEEDORESORERVEE
nTwa, ThAbOFERIR, HEt, REOEENL
¢, ARBICE o TRAT VY AOENLEEETD S,
L, ~REERLBAOBILTETCLATHS
FLIBICHSEBERZEBELALRL AR, Th,
BRICRILEORE OO R LELEEEFTHIE
FRTWBIEERLTNS,

ERRYUEHFAOREREE- AEENER IS
T, JURECBWI BT, Y b F BB LA
T VOREREERTROLBN THAL,

BiovFFER, PLTRbTHCHEN, B
LIz o TR ICHIML, RBRACTROEOE LS
ELHVLBEWEERZRLTWE, JhETCOEBIIET
ZHETIE, HBILOYFF VR 39~12.7 ugl D
Eicd 0, Eyepgl ThHoD., ZoEhLILBICBIT
BYAFVEREL 4ASugHELTWS,

BIicdEha iy b7 rBERSTLABELE
#H5, Song b, WIS THEBILONL M F
VEERERAEWIEERELTYA, GO T OB
i, 14~6T7mgl Lid50&MH 20, EECIHHER
22~2Tmgl DHHICHE, LIEORRAO; LT
YEEEI 2135 myl TH B4, TRSOEDS B
DRy N EEEY24mgl E L, FTEEY 1.8 mg/H
LLTW3.

BIOT 4758202 my100g(021 mgal), b
HF R 7T roEEIT 15mg 5V 21 mg/100 g(15.5
mg 352 2mgdl) LBESR TV B, FURIC BT
AM)FF 7T YA T VEREOWIEIRS S
vy, EBREMOF—FICETE, LWRTRIY S

ol

(v zr78%

TrrbtrA Ty O vb oL LT, IED
FERWRFA TV EELT2mg b LT3,

COEIIINLEOE S I L OREROEEIBY
TH, o2 N TwaEREA RV, &Y
KHERAERHEE LAaF—y i3 LAER{, B4ER
MBLEZRAATOFT - ¥ AT, LIEEDEKERN
BEREFEELTWA. 22T, EE5, bIEOE
IEPORBLBATRELC, kB3I vF
ErSTLE, SEEIAEZTII LI o ThEF—
FO—HEHRETS.

£ R 5 &
1. #EE

1998 £7 A~9 B(EEI B LU 1998 £ 12 5 ~ 1999
#£3 F(&F)ICHESE 47 HBEFR T 4,234 k0
AR FORE ORM SR, BEERFESRAL. 2
DB, BIWOESEE LT, BETES LWL,
YHIVEERELTW AW L, BT &
vk, BIIRNEEOERN 0BRS, T4, 9
Rof#fd LT, HERGEN2,500g BE, 7L
FoOBgohnIk, oRREOELE LA,

WEEFLEHLAUHFROBELHAL, BHE
EE, OETAEZEL. MREORITICE - T,
FRTANY Y XEFEIL o TiTR o

2. BIER

BIL%, I 1~58, 6~10H, 11~20
H, 21~89 B, 90~179 B, 180~345 BiZA3E L7,
ZhenEEn S Hildl21~89 B & 90~179 HORH
rHERR L L, EELLICLAEOREFRHE 22
I, TBAEPLEEVLOLBEL.

BEsni-BILHEE, #2~00EB(ES) 2%
1, (&) 20 %, B 90~179 B (EZ) 13 R4,
(BF) 1780, R BBETHo. 2b, EHER
FLERETSIETAIBICE, BEL %k, B3k
izt h—fb LA SELSBEL, #hFhoy
¥ yOWNOENT THEERELTEWE.

3. EFFO840h

BWELL WA ISM Y VEEEERE WA
OERHERREE Lz BN 45 NTRERERET 120T
| BRI L, ASNKEEEF b U AT
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L, €49 rBEZRE L. ThiBetrFy

BE L7 ¥AFro5iE, JLBEW Laciobacillus
plantarum ATCC8014 % WV 7- A MEREO—0Tdh
HHBEILE 296, RO F L Eit, pmoll
$U ng/ml &£ LTELL,

4. I8 T LB

41, JUSS s YT R E~HH

BLoFRBFE B Sml lIEEK S m 2MAT
121C, 159/t — r & L—7%20F, &8%, 37
AF—¥0lg, /94 01g 25MEEEEF R YA
EH 2ml 2MA CTEM%E, INERTpHAS KRS L
f=. THE100C, W0oEsE, wAL, 0% 25
) EEEH 03 ml X MR T, INKEEF PU T AT
pHE.8 ICFABL, AT 100m & Lk, A&
B, No.SC) L. TOEH 15 ml 2HEKT 100
ml WERBEL, REERE L. EET Lactobacillus
plantarum ATCC 8014 £ Wi EMERERIL L o 4.

42, FIH—F R T772—+iE

L 100 ul 42 10 IU/ml @k 2 7 7 ¥ — £ (Alkaline
from calf intestine, SIGMA P7923) #57% (50 mM Tris-HCI,
pH 83T & 50, SV FFUET Y -T I ¥ —
EHEM S0, 15 pgmlBRES W F F 4 L HERS0OmM
Tris-HCL, pH 8.3 ICH#R) 2 S0 i &z, ZOREHEE
37T 2 B4 v Fan—2aru T b0,
CoA, TRIRNYFF Ly, 8y FF 42 BEHERO
Ny FrBELE ERERDH200, 225m @
S0mM ) EEBETIR (pH 7.0 B NA, &6, 100CH
#;iBHIL, RIGEL SOMBE LA, k¢ s5 5ELE
LHRELT, +4IwHEL A%, 10000x g T 5 5/
HODHET-72. 20EREBOLA- LEEELICK
WZTHMUL T, Lactobacillus plantarum ATCC 8014 4%
EEELT, BRYTo7. &b, Bnkisrbsr
B7)-TI¥—¥EEEE, NMETER 0T
(Liver acetone powder from pigeon, SIGMA L8376) 0.5 g
THEH, 10559 0.02 MKHCO, 2%, KRET
T, 2000, OEFErHVTEMMIEEL ML, #
BETo L. 208, 10000xg, 55RIOFLTHEE
FolErEBs. FERICEIALAC T VEBL
TrOFMELRET LB, 32 OFEILLE
Dowex 1{CL) ®IZ, 5HBKSGTC, AEFEHAY
THPCEEEL . 20, 10,000xg, 5 5B OEL
SEEIT, NP R BT -7 I Y- EENE
&7z,

BERAZEROBILFEYEF >, MY 2 vBBICFA TV OEE

423

5. FA4 7O

BRI AH 70 1500 4 20 pgml £ V=3 F 7
IFEE 30 BmMAe, A2 L—TCC 121,
107 MmE L, Bt L 1.2 mE 2 70 % BEFEEE 70
Wl AMATE CGBAL, RUEE I m 2 HERREE
L7z, PR 1m CRBEES Y 72 % 12g 027
#, PIFVI—FN10ml THHEL, SESELHE
xR OSml ICEEEEL. HPLC 2HWT=3F »
73 FEERELY, £oaFYT7I FREFAT Y
LA

6. FETFHIERMN

BHIcgIhszhFhovy I v Hid, AFa—F
YFEMEBLIP YT AMN) v rDvy kL v b
——URBELTHVT, 2 BEHOoRERTo 2. BEMN
p<0.05 OFE, FELEENDL EHELL. BitE
WET I, TCHEEE Yy - StatView Ver.5.5 £
SN FE=PAN

& R

1. ExF>

BALEEFNI A F - OoNERE T LDl b ot
R1ThHa. SHLABEOBAOETF L E8E, £
BTEST 5 L 3.8711.31 ng/ml(15.9+5.3 pmol/ml) T
hol. SLEBIORISHTIHE T L, B2
~89 H ORMILTid 4.09£ 1.53 ng/mi (16,7 +6.3 prmol/mi)
THHOIIE LT, ##5.950~179 B ORI Tl 3.61
+0.92 ng/ml {148 3.8 pmol/ml) L EECidd - 1A, H
ELERITHORL Do, TLREFLAETHEL
b, BILESFUrERICHBRR AP0

F= 1. The content of total biotin in human milk.

o FTNE BYdFrE
: {pmol/mt) {ng/ml)

=83 78 150+5.32  3.87+1.31

20-89 MBI 43 167563  4.09+1.53

EFERI 22 16.1£50 3.94+1.22

AERW 21 174£74  425+1.81

90-179BE#IL 35 148+38  3.61+092

NERE 18 13.9+39  3.39+0.94

A ERE 17 157435  3.34%£0.86
amean -+ SD.
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A W, 80 % #F R KB SE
BE % kARHESE BERE T, RH RO

%% 2. The content of pantothenic acid in human milk.

pax ] W N 737 b 7 2 EER (nmol/ml)

e TR WEEEH
&85 78 24161655 17771598 6.4615.36
20-80HEME, 43 26302659  18.44%7.17 7.87£4.66
BEHIN 22 26084583  17.32%7.18 9.68+4.16
£FRIN 21 2558+7.37  19.61+7.13 5.97+4.48
90-179 A EFAEL 35 21.55+5.54*  1695t4.02  473+5.71
FEHRR i8 20,24 £4.60 17.20%4.62 3.2943.79
KIEHRI 17 22044623  1669£3.40 6.26£7.02
2mean=t SD.
*p<0.05.

# 3, The difference of total pantothenic acid content in human milk by the pre-treatment.

(K¥378%

3= Ny b7 rEE
R R HEERE
TIF—¥.kAT7 ¥ —FEREE nmolml  21.44%3.19%%  17.34X 137 3.19+4.10°
pgml 47+0.7* 38103 0.71£0.5*
28 v VT A —PHnEE nmol/ml  16.42+182  1597+1.82 0461091
pgfml 3.610.4 35104 0.1%£0.2

amean£SD{n=7), *p<0.05.

WAy VTR~ FPEREE B im CBETAIm A4 - 2 b —7i2T 121, 15
SmmEE, BH. V7R —¥ RAEE)20mg, 2% 2 (FIBHIEGERD) 20 mg, 2.5 M BER
FPY Y AR O4m FEMUEEEL A, INEEET pHAS CHEL 37C, 1BEHIRE. 20
% 100C BB 10 5B L, $H%R10% A5 LBERop 20k, INKE{EF P 7 AE

BT pH 6.8 ICHREE, HEAT20m ¥ 5. i#@%, COBEIm ZEBKT20m &L, BEY

EEECET.

2. KL T B

Fo BT ENL Y b F Y BROMNERY
FEDLOTHE. LB T BER
i, SHTERT A L 24.16£6.55 nmol/iml (5,30 1.44
pg/ml) Thotz, 6, BALORNEEMTHLET 2
L, #3521~28 H ORI T 26.3016.59 nmol/mf
{5.76 £ 1.44 pg/ml) T 2 DZH LT, ¥ 90~179 B
DRI T 21.55£5.54 nmoljml (4.72£1.21 pg/ml} &
BECREYRLE. —F, BERELFICBHLER
i, EBHEHCHELLTERLERIED LR ho
F. BELBICBVY A ENE L BEREOE&IRER2 IS
RmLAE ST, BEERTE, REREMEIE0
WECHEEL Tk

BIROW Y v BERYUET 0, W
TR EEREICT A AREALETCHE. COHERS

424

MLT, Z@YOFENBEShTVEDT, 20D
OERBEFEICLL 2T, ARUBASPOR/ Y T Y BE
BIiEEFTDHONIDIERER L. FOEHRE,

FIFELAES, 20 - DT R —VRREE
DHBEDR Y 7V BEES 16422182 nmolm) (36
04pgiml, n=7)THo7DITHL, 7IF—E kX
7 7 ¥ —EEILEETIE 21.44£3.19 nmol/ml {4.7£0.7 pg/
ml, n=T)THb, TIF—¥- kA7 75— CHEE
OFPERCBVELT L2 B0V T UEBE
Bit, ®3CRLAM, THECGEREED AL
ot —F, BARCBEREELLTSFATHEL
#ERENB/Y M T VBRERIKRLAELIIE, 208
47 IT A - UHABENEECEVEERLL.

8, FAFTL
RACBILFOF ATV Y EREPAELAERERL
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BRAZEOBIPEFF >, N FUrBBIVFITY Y ORE

# 4. The content of total nicotinamide (niacin) in human milk,

GE. YoM FATYVEE
(nmol/mt) {pg/ml)

Eogiail 78 182+532 2.22:+£0.65

21-80EREEREL 43 191457 233070

BEERMN 22 205+54  2.50+0.66

L BEREL 21 17.6+58  2.14+0.71

90-179H I 35 172+4.6 210057

EFRE 18 18449 2244059

£FRW 17 159+£42  1.94+0.51
amean+SD.

o, BITLE BROBHFOFT A T ViREOFEL
18.2+5.3 nmol/ml (2.22+0.65 pg/ml) THho 7=, 5L 21
~89 H DEAIA T 19.1%5.7 nmol/m1 (2.33+0.70 pg/
ml), #FL90~179 HOFERAIL T 17.2£4.6 nmol/ml
(2.10£0.57 pg/ml) TH Y, BILOFWEH I L 2458
HRbH SNk, $i, FHLAZTHREBLTS,

BP0+ Ty ERHEEIED O o7,

%
1. EFF>
CRETIRESNAFTIE L UBRROFRE S F

=

403

VEERTIEDILOMRSTHD. Heard B3, B
AEFF DG LU EQOETF Ity s B ILE
i, ARICHBAShBVIRETEELTwE S
L %R L, Hood & Johnson® i, #IFLIZHAIHEMegL
TRYSFrBEXEBWILERLE.

V5 roERET—RMCLEEC L AHEYE
BESERSNTWE, ZOHFEICL 3 Goldsmith 510
O|ETIRHAY, BTH, EBPICATTES 007
25 0.47 ug/l00ml ~EHIML Tw3%. Ford SO
HT6, WHEGYEIE 0BT 02 205 0533 pg/
100ml & WELBERRICE - THIIL T3, L& BEREE
(20~348) DBITLEFF VBEIC bR EREVIE
BohTwiwy, S6ICHERI0BR5 64 BOMIC
BLEMA TS, S EEIT 0872042 ug100g T
Ho i),

Hirano 513413, HARMNSILEEMECLT, Mkl
EEED15THETL - FEWTHBAYSF B
GHLTWE, ZhECOEREARIS, WA
oTYTFrEFHEML, 35 ROBERANLTITY
0.52+0.21 pg/100ml L FREKOHE & HTERETD
v, &b, BEEYETFL 04, B9, B
THAB L RSB T TN EN 529, 640, 77.2% L8
MLTVBA, ZiidHeard GEORERLEIELY, &
BOBEPLETHS.

EFdF Ly EED D OWMNEI G —RRE I BEIA S

% 5. List of the biotin content in human milk.

Xk BILYFF &y B8 #BILEE  OFE
Hood and Johnson, '80  0.295/100ml EJiE 1H ARk
1.246 AL 490
Goldsmith er af., '82 0.07/100g BH®iF  3-8H WEWEWERE (k)
0.3 BiTIL 10-14H
0.47 BRI 30478 :
Ford et al., '83 0.02 1 /100mt MEL 1-58 Mt ENE R (B
0.22 BT 6-158
0.533 ik kN 1-244H
Friend et af., '83 0.87/100g BLLEL 108-67 F WM&WFHNERE (LG
Heard et af., '87 2.03/100ml EME Hst e E R T
Salmenpera ef al.,'85  n.d./100ml HEH <5H et EnE R (LB
0.45 (n.d.-2.7} Bil 250
nd-1.8 #3l 6+ H
0.18-1.0 wel 9r B : .
Hirano et al., 92 0.08/100ml EIE(N <58 REWENERE(TL— M E)
0.18 8173 6-14H
0.52 BgL 15-24H
Present stady ‘04 0.41/100m] 575 21-89H A EERE (SR
0.36 Bl 90-179H
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#3 B9, F0 £% #\F # kB FHE

404 BE B, ORARESE, BRE F %H BT (s3> 78#%
BEFFLOATORY, /8 YABERAVE FABRIVI E5RSRTRBILRT, ¥FFUR
Salmenpera 5N OWE TR, BILTREEESARAT CTHEOFBEVPREINTVE, &, ILHBIIBY

BiFLALFOFEIBTYAFrdBDohkd oz,
LarL, BE2» BHETE Y F R 045 ug/100 ml
L, FOROEEIROAT—ETH L.

BEoX3iz, chEtofEtiR, vilovtsy
BERE L OBE 0 ugt0m LT THS, LiL,
BT S BBAA~LBML, BRI TORETFIF
BREYTH 0.5 ue/100ml T Y, I THRRE
ATEERRLTWS, ¥, ABREREDSORTHEE
BICLABEIAT N b 0LELENE,

LEAEL BT F ERECOWTIE, B
(.39 ug/I00 ml Th o7z, RERHSLEHIZLoTRE
ZERFFTD LR ,oM, L LML, ThET
IKHEIRTWARRILO YA F yEHE L YK
THhot. COHEBIEOVWTHRBELITIEE W, %
B, AFEROEFF U BEISEHICL-TE#HTEE
EFBEINTVEY, BATREHEHEAGH
¥, EFELAFTOENL TCWAAEICEEE SR
VI ERRESRAS,

YadFrid, ERAEEIFAORERERE—RE
FHEE—TBN T, REFERFELDHTEESE R
7210, 0~5 + BOILIRT, Sug/H, 6~115 HOHART
pg/B E sk, L Ladis, T 124 (2002 48) 42
YET & NAEH EARSEERSRIC S U F 1300
BRI, 3 ER 15 4E (2003 F) SRR &
LCEm s, ERFREREAMICESR, &R
LB AAOTEMIL B EZIZEFT SR TR,

bAECTARBILCETNIRTFEE, —#
FER, whWAFRABLT7A0—T v 753
W2 TP 1.04 pg/100 keal T 1, HBERSHEI LV
& TIETH 0,40 pg/100 keal TH 216, Zhid, Sk
It REORI NV OYEFEE 230100
keal, KEVNERIE
1.5 pg/100 keal 1= BB L THRAE TS 217)18),

bHEIC BB ATRERO T F O RRER, #
ST 750m O3 L RERLLEA, —
EHanTiREY s uyA (B 23 uyB)ThHD.
—77, EREEEREI Ly OEAITH, TH23pyH (B
A02pug/H)YTH D0, EFRASFRIVI/ERCLZY
T F o RBEGAOYAF CERER 075pg BI04
C pg/BE, b#@@ﬂﬁﬂﬁﬁit&«¥L(ﬁﬁf
Ho 1922,

_otbt#%/@ﬁﬁéﬁwﬁ%ﬁ% L

£ (AAP) B X U'FAO/WHO mﬁé&ﬁ'

T, LLRAEEEMLEL SN THABEOY LT
VERECOWTEESLETHS ).

2, XY bTLER

B0y b FrBEER, EXRNEBERAD
FENEE—AFENRE—CTE, FFMSIOHEKA
OFILPOT—F EHEAL, 024mg00ml & LT3 -
D, —F, AFTBEEMBERSRTE, JOREREE
LR ERAESRE OF - F 55 0.5 me/100
g DEARAEATHE, ZOMEOEDNEYE, B
ROy M T UBRREEIET 320017 ) TRE R E
DEWCEALTWwWALOLBLRE, HEEL,
BIESARAL Y DTAY-ERRBETT T
3, —F, FETEAARBERGFRIITERTWAH
ECRIMELEIL, FRIXTRLEFEDT IV~
YRR Tr ¥—YETHD.

BT, MBERAY T VBREFEOCENIL
HEHB T VBREENEE~DOEE RS
B, NFEFBEERTIV-F - ERBRAT 7 X
B Y VTR —EBRETol 20ERE
FIIIFRLEBYTHEMN, 7i5—¥ - k277
F—BEODERNENNANL Y DTAF—FELIhEn
fEERLA EILRLELIE, N4 VTR
y -k BEAEEE, BROWEBRR Y b
YEIIHLTE, FYRFETRRWIENAL ML
Bof:, LidoT, BRAOEIFORN Y T
BEELLTE, BELIRINFLAELRITESR
EREERGROEDS, 5.0uyml PRETHD EH
L 7.

B, Johnson 5 G, FEELFHWTWAFELE
CHETHELEE, 60pgml LW EEHELT
Wwah, —F, KLY VTR —YETHEL:
Picciano®$) i3, 22~25ugml &\ HEEHEL T 5.

TELDOHERTIE, 21~89 Bt ELRAILE 90~
179 BIC B AL THEELRERITEDH LR
H, ELORETEHERIIREIATWEV., FFEDL
DOWETIE, Sk 3~30 HEATIE 36 ugmt BE,
31240 BELTH 28 pgml BETH Y, ZRIEEHLH
Twad. ¥, BREALREAICL 2280, S&E
K EBERITSEBEEFHITHES I Uiz, &
B, Song 53X, RECRAMOL NV V7 VEEE
13, BHIEECEIFI VOB WERTRLLSELT
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Vwa, L Ladts, REHEDS S WIIHEHEIC S
Th, PHFLERBILE O, Br FFVEESE
ERITOLUD o ERELTWVE,
DEBORERGIHICETh IS Y T BRI,
FAroBENT L), —REERILT, BMmi00gy
7= 1) 2000 pg (400 pg/100 keal, 2 3\ id 14 % HFLHE 100
ml H7H 280 ug) THE. COATIEF 1B 750ml 5
2BE, 2mgBONY bR UBNERTEAI L
A, ZOHEE, EAREKEIEAOEENERDCE
{(1.8mg/B) ITIHZEHTZ. LarLadFs, bL, 8§
LREET, 5.0ugml &5 EFRE S, LR
O~54 )OO b7 VEHEEIR 35 my/HEEOE
ERBEEESNS, FOLI T, BRRIE
O PP BESEEENIILENDL. LAL
AL, EEROFERLERA T ATEEIRT,
NPT VBREFELALVWISRERRD 0L
v ZRE, RAAF—H, SRR s 4R
THLR M TFYBRRZLEWEIIIC, ARICHH
BNl bTFORSHHAGREFDLZ L IIER L Tw
230kBEbhz, 2Fh, N2 rFUBENRAN K
ZLTH, My b7 rBLVREELES, BA
BEPHFES L TWATRENS S, BE, MATH,
NPT UBRREANEIRCEE Y o BEERE
ELTh, REERDVFEDLEBLEho il EHES
TV D26,

HwmE LT, HEAOBASROR .V TV EBESE
OEE LT, 5.0ugml ¥R THD.

3. FATFL
F6id, ThITEREENTWIBIFOFAT

B$Aﬁﬁ®ﬂﬂ¢51+7{NVF?VﬁEIUT479>®€§- 405

YrEERSWTELHLLOTHE, Ford HWWIE,
AFIANEIR18~24 2208 L LT, BEYZEE
BILINVBAFTAT Y EEEOW L2 SHhizoB
FAT7 Y EROEHER, SRtk 1~5 ATiE050
ug/mi, 6~15 BT 1.42 pgiml, 16~244 BT 1.82
ug/ml & EEMAR & e, .

HEHELNE, BARAEIBEMEE LT, HPLCE
EDBHFA T rEERRANTwS,. BHFAT
VU EROTHMEG, B 3~5 BT 07 ugml, 1256
~10 BT 1.2 pgml, . 11~15 B¢ 24 pg/ml, 31~
60 BT 23 pg/ml, 61~120 BT 1.9 ug/ml, 121~240 H
T 18 ugimt Thot:, Ford SWOBE L AR, B

CAFA T EREWAD SRTI, EIANL8m

L, BT 0L N EROILERELT WS,
~ I ERENFA TV EEYRHET 2 BEE,
MEEESTHRE A — F 2 L—FREL, Lacrobacil-
lus plantarum ATCC 8014 % B\ -t miEicdg+
L, BRI BB LS LGRS 4
FTLrME(EELTEY, B REATESLLS
BAERFAT PR oF BT RO
#ETHL. e FTRENLA=oF VI, AR
MTHENADEALT, T<CR=aF 7 3 FilER
éﬂ,ittkd::%?&*::%77§FﬁEﬁ
ZpHTHRVRD, BAROFA T vid2aFrT
I FHDHWVIENAD, NADP & LTHET 3. BEDE
EiE® AV Ford 51WOHE L HPLC AV iRF
ALYOMELF BT DL, IIEEOENCILIER
FEBH iy, BFETE, A— 7 L—TRBI
LN NAD BIUNADP 2 =2F 7 3 FiZFHL,
HPLCE v T=aF 73 FERNEL, #=aF>

# 6. List of the niacin content in human milk.

ik BHRFA T VE I #IE% aE
{pg/mi)
Ford et al, '83 0.50 AR 1-58 wEHENEEE
1.42 BT 6-158
1.82 2% 1-244H
Idota et al, '96 0.70 FIET 3-5H HPLCHE:
1.2 B3 6108
24 ) B 11-15H
26 BEPIL 16-30H
2.3 B 31-60H
1.9 BRI 61-120H
1.8 5 121-240H
1.7 52 -5 241-482H _
Presentsmdy 04  2.33 5782528 21-89H HPLCH:
2.10 Bl 90-179H

427



A MH, A0 5% 8F # KB FE
406 BE % AARESE, BEE F EEH RO

FEFEFATVIEELS.

GERE L 72T 1 7y ERIITEN 222 pg/ml T
HY, BFRATHREL L2 23 pgmd, fFYAAE
AgE L 182 ugml) L IFIZRETH o 2. SiEN
~89 B Tid 2.33 pg/ml, 90~179 BTk 2.10 pg/ml T
B, REEHIII2EBURBED AL o2, F
2, ZEHEBHIRO oo, BENBILFAT
PrEREUBLIZTHERIIoWTRFRETH A, &
HFA TV Y ERIEBRBRLFEHICHRES { —FE
ERTIEPRBEENG, KFETE, -+ rL—
TRBETLTRIoaF 7 FEERAIET AL
XV EAROBS-_IF 73 FEFRAELRES
- B, FOEBRSIF LTI FEOH20% 2R
(CHEL, XER). CoRERE, BAFOFI T
BEICHEEEETHL NADH SV IE NADP L LTE
ETHILEFRRTEINTHD. RATHERTOD
NAD &%\ M3 NADP i =05 > 7 3 FICHE
&, =3AFT I FANETERIBIC & o TRIT
Eh3, LaL, $LRICBITS NAD 35 WIENADP O
HAURIRCBET 2SI R o3, LB
NAD &5V id NADP % EOREFRE L T2 0b iR
BThHs. '

ANRYEBRAOFEENEE—AEENEE—)T
i3, MURT H AR AR SR SR S Nt 2.0 pg/mi
(02mgN00g) 3BT A7 ERELTRALTY
5. 0~5»AOIRTR I T 7 ohbFATY Y
Okt vicd, 0~5% ADILROERR, BILE
750ml & LT, 2mg & %5, RE - HF ¥ Tid, Fod
SWDEEIZESVT L8 pg/ml FREL, Y TH
FTUvhFbFA T rofgide e, BALE780m &
LT, 0~6 7 BORROHERYL 2mg & LT 532,

HFEOHABGIICSITREF 4TI EE, —&
REEE, ChWAFTRBBLIS7r -7y 73
N7 Tid46~84pgmi THE. bHIFEIHLS AI;Y?‘
BEOFA TV EREREETL L, 1 HIC750ml
RERLAEES, 34~63mg/B L3, ZO@EIRAR
BLUPRE #+FORMEREEALNTHE. &
OROAMEGHEEN LA ATERRBILFATOVYR
ZEFARON LI BEIT 2N,

3 #

DHEC B 5 BAOKBEME ¥ I > 4REHSH
a0, REBILBRA>PLBBAOE A F

(E¥378%

Y, RYMNFVBBIUTATIrOGERSFL
. BILOWEUL, BILE21~89 BB L UF90~180
BRI CTESEAFIRLE. ErFrBLUUY b
7T rBRRIEE AR U e eEECREL, +
{772, HPLCETRZE L. #lort+r 88
FFER 38T pg/ml L ThETRBESATHWBELE
BLTERMERLL 297 b FrBROSEIZFEY 530
pg/ml TH Y, ZOBRESNRLE CRASHIEOH
2BEDETHoR. —F, FATVro85EE, 222
pg/ml EZRITOEEMRL T, BioERIEELsN
Zhofz IhOOER, $BEIhe0Yy I 0
ENERYRETALDORERNLF— L LCEE
Thd.

o
FRRIETIR IR & 15E R O S SRS
(RIS | BRAOKBIY 7 3 ¥ BEMINT 5 5040
W) 2B T o b OTH D, WELIHES &T2.
{ER% 16. 1. 30 2f)

X &

1) B8 (1999) RE7<KECE B A A DR B8 —rarum
EHE—FR11£E6R

2) Institute of Medicine {1998) Dietary Reference Intakes for Thia-
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5) KBMHESZY

Keyword: REIEEIEE, KBMESY I, 20055

SEHE % Katsumi SHIBATA
SBBEE TR AN b BEE e atERy

KistEE 23 0, BRESX I BER:E2IB1, E¥I B,
F432Bs, E43I2B12, 74T, W vTUB BB EFF2)
EEAILCHEEND, FRIZEE~16EETHERA SN TV RERRY
FICBWT. BUHTHEETATOKEME ¥ I ORSENEENEE
Ahi-, SEOREICEVTSH. EETATOKEEE 2 IOREEN
HEFETFLA, E23I2B1. E43 B2, E43Bs. EF 3Bz,
FATY o, EM. EXIVCREETTFHDRETREL L, NPT
BEEAF L RERBTHEL L, FREFSFETELHDE, E2IY
Be. F1 7. BEBOIBETH -1,

BUIC

KEHE I v EE. ZOITEL, KBTS
E¥IrThib, STHLT, MEBIKETLYE
I vhkBEEYIIVEVG, REHRY I Y
FLTOEENT VS b 0iE, BB TBHY Y
IVERERTWAEEOE Y I (KF 3 Y
Bl. ¥% 3Bz, ¥¥3Bs, EF 2 VBI12, F
AFvv. 80P VB BEE, EXFY) LE
73IvCThb, MBHY S I ViddEET, ¥
YIVA, ¥H¥IVD, ¥4I VE, ¥¥3IVKT
PD. KBHEY Z I ViCid. BRMIC, e MNIB
W OB R ZEORENHLEDOL
(V%3 vBl=HW&%. ¥% 3 Be=E#&Emn. +
A7y r=nR375, EB=80. ¥Y¥3IC=
R LERNTREVWEIRZESRESNT
waho (E¥3IvBe=0&%- - Fk. €3
YBe=FwhA, Ay b FrBE=MEOKRHD
g, FFr=FERE) ZHTohs,.

BRAOESYZ VOEFFIAEE
EZBULTREINETHS

IR OKEHRE I O TE Y I VCER
(BEEOBHE Y I ik, ERTPTRIZEAY
PREEHME I, Thbh, LAECHEEES
L7-RETHEELTVY S, Hic, EPEERT
i, WELREEHEELERETHOHFLET S, 0F
b, BREOBRY ¥ I VRIS AHI M
RORBIZE THEHLERE L VI BRBLETH
D, BRHOYyIy (7YX FHLEE
FIVED RERLAREESEOES I UPE
LAETHAEEHEORL Tk, AR
Bhb, Lad-T, EFEREETZRET LI
i, TFERHOV Y I VOLEREREL. &
DOEECERIEOE S I VY OEFHAREER
LTHETRETH 5, |

SEOYE T, ERHEOE ¥ I VBold75%.
ESEENE & 3 /B12id50%. EMEROER

#* How fo determine the Dietary Reference Intakes in Japanese. :Water-soluble vitamins

430

BRIRAENS R3E Vol19 No3 2004



W50% & v ) EFEFAREZER Lz, L LA

by ChOOEARFIAROMEE. BRATERE

EL2b0TEEL, LA HBERAMFEENICE
TEHEHDTHENV,
ATH¥EOY S I VBl EREEOEY I ¥
B2, BERHEOTF A7 ¥ BEFABEIHSL
PTHRVOTER LYo, ‘
HARAZERE L-ANKZEREZENEE
L EDOEFKNAETRDLERPLETH S,
B, AT UBEEFFVIERBEL TR

EL7=0T, EFFfHEOZREINEN L L L,

AR (0~5sR) ORFENESE
DEXR

AR (0~5HH) . BATHELEERL T
BRRY, BBECHEET S, COFBLFI LM
THETIHENRDELTH D, LT,
COBRHOAEERELINATOE I VEE
LIHILENSCAHEE L TRDHI LW TEL, &
HOHEIIBWTIE, SOEZFIE-TEEL
A

22 (6~114RA) ORFHEME
BODEZT

R 6~11r8 (B)] . BLLEARD
TONETREPSREETERL TV, BE

EELTWIHLRSEIYT 5 RALR L BB

¥y I vERBIUVELADLBEONESYI VR
HE - ERTAHFEN. BEN»ORLLERE
HETHDIEER B,

SEOHRETIE. QLS I VB, E¥ 3 B2,
¥¥3I¥Bs, ¥%3UBla, 47V EE,
¥4 3 yCoBEE. AR (0~ (B)) nHZE
CAEEREL. (6~ (B)) OffEEEoKE
/0~ (B) DA EREORE] SE T BE
(0~ (A) OE»LAFBLAMEE V) ERA
(18~20%%) OER{EIT. {6~ (H)) Oz
WEDEKE/HA (18~208) OFAEEEOME

B Bx13 BAFKE RAOERSHE
L7fHE ) OZoDEOFHEE L. @
VI vEEYAF U ORER. 2B 0~ (A)
OAVEICARRERL. 6~ () Ol
OEBE/0~ (B) OFMERECEE) 5% T
T3S HETE L7

1~6ORDERENEEDELS

BEOBVEREBZEETHIE, BRI
BADBEOE Y I VEFLRBERE LT, R
FTERFBEN-BELHEA R P - RBEROLER
FTARETHEN, HBLIOBOEREZBI%R
T LiRbIERTELV, £2T, BRIZTPNI
AR S, HREFHESESLEBLZ V.
ZOEZHTEERNEROREZTIBY, @
EMEEEBI o Th. BANICHMENIED
Az biddve.

RZ L WHBEREEICELLIKBREE I VD
REREOFEFFET CLPLETH L, M
BOCELAARBIIMBEROATH . Fhk
13 E~15E TIRIN SN EAESHR LML
B4 (WEREER . HERAOKBHE Y 3 V28
BICHTAEBENTE) 22T T EED
5, BEZCREEPOKBELE F I VEITER
BiC k- T, RAECHESh 2 KEBHEY
7 IVEN BRLAKBEHEIVEZ IR
B3 a2 WAL E BT, RECELLTY
ARy, MBEPOKBEY S I VSRIEH L
wOlk, KACEEEOHSIBETHE LW
EXFPLTRIEHROZLTH 5,

BREMLAREY 7 3 v ERRIIEANTES
HEN-BTHAD. COTEHMEA-BOE
BT CE., BZHRPICHRShEY Y 3 ¥
git. RO, —EOFTRBREETHHLEL
BB, RAIREShaKkistEY s I v BES
PEMBEZERT Do LAdoT, KFEHEES I
YOLERRRDLIE. BRiCHEEsha S
IVEFRHECHAT AEIESRONTRVE
E£ibhd,

i BAAOETRRER REFER) ZOMCETSATOES, ShEEH
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C—HiBWT. RFOY s3I VEZHET LD
Tk, BEsShaE sy 3 OBEN, FRT
FERICRESATHAIE L 2N T2 HEEL R
o, ZOBEERTREEDOEDI L, KEHY
YIVOLBEREFRETIECIFELEION
Bo EZIE. ¥¥IVB2EAF T L,
EFrF i3 o4 vERER, ERLFE
YRFAL Y TH B,

DEEO SR VWE F I VIZEBABICED B
BRIV, RERBERELRBHREEFAD
BB, BDERENSVE Y I TR, BALK
HABELI NS0, HELABEERER L
Vo kAR AT Y RAKRNERD20%E
BEOMBEL: LTHELChAD, HRERRH
EEIHEHA LV, o7, BRRTIE, Rplcik
EXNBZEFIVREBERLAEYIVRELOHN
Bre, ARBEMEZROEFENRLUTHLE
£15N5, COFEICL > TEFRNELDM
PREShIZOR, ¥¥IVBILEY I VB2
HTH o720 .

& 512, BEEENEIE LN THOEREKE S
¥k (1~2 (%) 3~5. 6~7. 8~9. 10~11,
12~14, 15~17, 18~29, 30~49. 50~69, 70LA
L) REDLNEDT, EFMESOBRE LME
CHLEERZTLETRER OB Ll #
BB XIS DL EEOMAMOMA DAV HBRE L L
THESNEF = HELALETHE, F—FD
BWERES L, QEF I VBl E7 3 VB
F4 T YRR N F— OB EOME D LB
LEEREEL. Q¥ ¥ I /Bold. 2AIEL
BORBREEOBEILEE L. QEFIY
Bz, ¥EM. ¥# 3 LCiE. AEEREORK:
TR, (HREMETOBMERBOHE/18
~20F DM ERBEOFE) 5 (1+EERH
T HHEELRD. 0L RIMNEREIE
LUATHIORHAPLETH 5.

Ry P FrBECEF o0 TIE. Mok
EThH, [IRUE] DERBLLTREXES R
Bahoi. [IEME] OEETHLBERERE
TELICRATHEF—-IPRIZELREVD

Thb, BEOEEEHE L TVBATIH, RZE
BEDLRTVWERY, Lo T, FERESD
fEi3, EERAERREERICLTCREL. BED
BWEBX SO, FERAREOLRELZRT
A (HREBRE S ORMELEOHE/18~29
ROBMEREORE) Px (1+REATFH 2
LEE LT, NV TFVEEEEAF Y ORBBER
TEAREORBHLETH L LLBIT. Iho
DEF X yORIRHFBEOWHALLETH 5,
HEHPREICHART, FE V—F 1 ¥ T—2
PEOHFEFEIT 2. HECIERFERLY) I
BRRBFITEESNS 2D, WEEEE LTRELT
WHBKEBEHRY S I roERRBIEIMATILNER
bhd, bzl BREETL L, BRENR
LTdh, BicHftsha Yy 3 YBifEtES
BEEICETT 5. ChiX, BARRIIEY X VBl
DERENEET A ILEERT L. LK
T, ABICBIAKBHESY I Y OLERRZED
BB VNETHL, TOXI LI EERLPI
LTwWiHid, REMERBETHLIEETERO—K
FHiEnEy I v BLEREZHLHMITTHI LN
TEBLDEER B,
BFIEABEY ¥ 3 v OLBERORDHT OB
EhE LI

1. E9ZBn

¥¥3IrBld, TAAF-—RHFIYET LY
yIThy., BEBF7IVEAWL-EEL
&b, BRT = HEEFT 5 & BEIIRPICHE
HahasF7IVEEERKTLEIIEILRDI,
2. E7=B2

¥#¥3vBd, TAVF-—RHFICLBSETLY
I ThHY, BREREOYR7IIEVEANLE
EBRLED G, FROT—VHRRIT 5 L BHIC
RAICHES B VK7€ v RMMATH
oKDz, ‘

3.E¥=Bs
MEFIHEETHE S I VBeER TH HPLP
2, AREBOY S I VBelFEIRE R BT
5. MEPLPEE #30nmol/LICEBTELE Y

I V/BRMBLEREL Lz, —HREBVT, ¥
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¥ I YBeDOLER, AT ERENES M
FHEHL, MFPLPIRE IR, LA EYSAY
DE % I VBeRE L BR{AETLI LML
nNTWwh, ZOBFNNED S, MIEPLP%30nmol/L
KB TEBE Y I VBB E A EERY
THEHBRL
4. E7=ZB12

¥ 3 VBROLERE. REE 2 MESI0RE
(EgHE~EZOE A, EELRTFHRLRER.
EEZSHRAMIREIE) LY ¥ 3 BirokiE
(150 pmol/LEAL) Z#MERTHIDITLERE
¥ UBRBEHRETAHHE] THEHL.

5. FATFVY
RGFIREOHRBE R LN AF N =2F ¥

73 FRPHRREZIEEE LTLREREERD 2,

6. I\ T E

RNy b UBREEEEFRMICHATE RV
DYEETEHIERZHRETE RV, 22T, &F
REOELTAVWC, BREZHEE L.
7.5 B

EBiE. —RERFRCEETELESIVTH
p. BRESRAT S L, mES X URLRRO
FREDRAPT B E EBICHMFICATEL AT VD
PR OND, FEVYRATFA ¥ OERIZHIRE
(LD &4k b, SNOEREMEMEPA (MK
B, 7nmol/LELE ¢ ROIERZEEE, 300nmol/LEL
b miERE VAT A v, 14 pmol/LaRE) 1THE
BTE328Fh0EROEREN, S, LEREZK
> Y Al

8. EFF
EEFHPERLRETACREIERT—F1E
T, £IC, EEEARENLRDT.

9. E4=2C

HEL, LEBIEROBRBTHFHFTE 1
Y & 3 CHEBE (50 umol/LYE) EHERT
BERE» HRD T

BREORERRERNEAS

TN LOBBREOEFRNEEELRET S L
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T FETRETELFIIOEBLAVF-BD
ETICE i) REEORD, QML - BIUID
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Tryptophan is metabolized to a-amino-B-carboxymuconate-¢-
semialdehyde (ACMS) via 3-hydroxyanthranilate (3-HA). ACMS
decarboxylase (ACMSD) directs ACMS 1o acetyl CoA; otherwise
ACMS is non-enzymatically converted to quinolinate (QA), leading
to the formation of NAD and its degradation products. Thus,
ACMSD is a critical enzyme for iryptophan metabolism. Phthalate
esters have been suspected of being environmental endocrine dis-
rupters. Because of the structural similarity of phthalate esters with
tryptophan metabolites, we examined the effects of phthalate esters
on tryptophan metabolism. Phthalate esters containing diets were
orally given to rats and the urinary excreted tryptophan metabolites
were quantified. Of the phthalate esters with different side chains
tested, di(2-ethylkexyl)phthalate (DEHP) and its metabolite,
mono(2-ethylhexyl)phthalate (MEHP), most strongly enhanced
the production of QA and degradation products of nicotinamide,
while 3-HA was unchanged. This pattern of metabolic change led us
to assume that these esters lowered ACMSD protein or its activity.
Although DEHP could not be tested because of its low solubility,
MEHP reversibly inhibited ACMSD from rat liver and mouse kid-
riey, and also the recombinant human enzyme. Correlation between
inhibition of ACMSD by phthalate esters with different side chains
and urinary excretion of QA supports the notion that phthalate
esters perturb tryptophan metabolism by inhibiting ACMSD. Qui-
nolinate is a potential endogenous toxin and has been implicated in
the pathogenesis of various disorders. Although toxicity of phthalate
esters through accumulation of QA remains to be investigated, they
may be detrimental by acting as metabolic disrupters when intake
of a tryptophan-rich diet and exposure to phthalate esters occur
coincidentaily.

Key Words: phthalate ester; endocrine disrupter; tryptophan
metabolism; quinolinate; metabolic disrupter,
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INTRODUCTION

Phthalate esters are used as plasticizers in the manufacture of
polyvinylchloride plastics, as solvents in certain industrial pro-
cesses, and as vehicles for pesticides (Giam er ai., 1994), These
esters are widely distributed in the ecosystem and have been
suspected of being environmental endocrine disrupters. Of a
variety of industrially important phthalate esters, di(2-ethylhexyl)
phthalate (DEHP) has perhaps been most extensively used for the
formation of plastics. A number of papers have reported that some
phthalate esters are noxious to experimental animals (reviewed in
Koizumi et al., 2001; Shea ez al., 2003); administration of phtha-
late esters exhibits reproductive and developmental toxicity
(David et al,, 2000; Davis er al., 1994; Lamb er al., 1987,
Wineetal., 1997). It is believed that phthalate esters taken orally
are hydrolyzed in the intestine before absorption, and the result-
ing products, monoesters, are primarily responsible for the toxi-
¢ity of phthalate esters (Lake er al., 1977).

The tryptophan-NAD pathway consists of the kynurenine
pathway and the NAD pathway. The kynurenine pathway is
the main route of tryptophan metabolism (Fig. 1). This pathway
is initiated by the oxidation of tryptophan by tryptophan oxyge-
nase (TDO) in the liver or by indoleamine dioxygenase (IDO) in
other tissues including the brain. The metabolite at a branching
point in the tryptophan-NAD pathway is o-amino-B-carboxy-
muconate-£-semialdehyde (ACMS), which is converted by
ACMS decarboxylase (ACMSD, EC4.1.1.45) to ¢-aminomu-
conate-e-semialdehyde (AMS), AMS eventually leads to acetyl-
CoA through the glutarate pathway, or otherwise non-enzymatic
cyclization of ACMS results in the formation of quinolinate
(QA), from which NAD is synthesized through the NAD path-
way. Thus, ACMSD activity plays a critical role in the trypto-
phan-NAD pathway. In mammals, NAD is also synthesized
from niacin (nicotinate (NiA) and nicotinamide (Nam)) that
can be obtained primarily from dietary sources.

Quinolinate is a potential endogenous toxin; QA is neurotoxic
by acting as an agonist at the N-methyl-D-aspartate (NMDA)~
sensitive glutamate receptors. Schwarcz ez al. (1983) and more
recently Pawlak et al. (2003) have shown that ©)A can be a
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FIG. 1. Schematic diagram of the tryptophan-NAD pathway. Enzymes
are underlined. 3-HA: 3-hydroxyanthranilate; ACMS: o-amine-B-carboxy-
muconate-£-semialdehyde; AMS: o-aminomuconate-g-semialdehyde; QA:
quinolinate; NaMN: nicotinic acid monomuclectide; NiA: nicotinate; NMN:
nicotinamide mononucleotide; Nam: nicotinamide; MNA: N'-methylnicoti-
namide; 2-Py: A'-methyl-2-pyridone-5-carboxamide; 4-Py: N'-methyl-4-
pyridone-3-carboxamide; TDO: tryptophan 2,3-dioxygenase; 3-HAO:
3-hydroxyanthranilic acid 2,3-dioxygenase; ACMSD: c-amino-f-carboxymu-
conate-g-semialdehyde decarboxylase; QPRT: quinclinate phosphoribosyl-
transferase.

¢

uremic toxin responsible for anemia associated with renal failure
by reducing production of erythropoietin, a glycoprotein that
promotes erythrocyte formation. Elevation of QA concentration
has been implicated in the pathogenesis of various diseases
including cerebral ischemia, spinal cord injury, Huntington's
disease, and multipie sclerosis (see review by Stome and
Darlington, 2002).

The structural similarity of phthalates with tryptophan metab-
olites prompted us to examine the effects of phthalate esters on
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the pathway of tryptophan metabolism. NAD can be supplied
from tryptophan in the dietary protein. Therefore, administration
of a niacin-deficient diet containing phthalate esters to rats and
measurerment of the fryptophan metabolites excreted in the urine -
make it possible to estimate phthalate ester-induced changes
in tryptophan metabolism (Fukuwatari et al., 2002a, 2002b;
Shibata et ai., 2001). We previously reported that di-n-butyly
phthalate (DBP) (Shibata et al., 2001} and DEHP (Fukuwatari
et al., 2002a, 2002b) stimulated conversion of tryptophan to
NAD. In this article, we show that phthalate esters elevate
QA and its downstream metabolites in the urine, whereas excre-
tion of 3-hydroxyanthranilate (3-HA) remains unchanged, Of
the phthalate esters tested, DEHP and its primary metabolite,
mono(2-ethylhexyl)phthalate (MEHP), were the most potent
disrupters of tryptophan metabolism. We also present results
showing that direct inhibition of ACMSD by phthalate esters
is primarily responsible for the phthalate ester—induced change
in tryptophan metabolism.

MATERIALS AND METHODS

Chemicals, The materials used were obtained from the indicated sources:
vitamin-free milk casein, sucrose, L-methionine, dimethyl phthalate (DMP),
diethyl phthalate (DEP), DBP, di-r-octy] phthalate (DOP), DEHP, monoethyl
phthalate (MEP), Nam, and QA (Wako Pure Chemical Industries, Osaka, Japan);
mono-n-butyl phthaiate (MBP), mono-n-hexyl phthalate (MHP), MEHP, and N'-
methylnicotinamide (MNA) chloride (Tokyo Chemical Industry, Tokyo); gela-
tinized comstarch (Nichiden Kagaku, Tokyo); com oil (Ajinomoto, Tokyo);
mineral and vitamin mixtures (Oriental Yeast Kogyo, Tokyo). N'-methyl-2-
pyridone-5-carboxamide (2-Py) and N'-methyl-4-pyridone-3-carboxamide
(4-Py) were synthesized by the method of Shibata et al. (1988). All other
chemicals used were of the highest purity available from commercial sources.

Animals and diets. The care and treatment of the experitnental animals
conformed to The University of Shiga Prefecture guidelines for the ethical
treatment of laboratory animals. Rats and mice were obtained from Clea
Japan (Tokyo), and housed in & roorn maintained at 22 £ 1°C with 60% humidity
and a 12 h light/12 h dark cycle (light onset at 6:00 Am.). Mice were used for
preparation of ACMSD as described Jater. Body weight and food intake were
measured daily at 10:00 AM., and food and water were renewed daily. Male
Wistar rats at 5 weeks old were placed inindividual metabolic cages (CT-10; Clea
Japan) and accliznated for 1 week. They were fed the control diet containing no
phthalate esters. Experiments (five anitnals per group) were started by using tats
at & weeks of age. The control diet consisted of 209% casein, 0.2% L-methionine,
45.9% gelatinized comstarch, 22.9% sucrose, 5% corn oil, 5% mineral mixture
(AIN-93 mineral mixture), and 1% vitamin mixture (niacin-free AIN-93 vitamin
mixture), The phthalate esters tested were DMP, DEP, DBP, DOP, DEHP, MBP,
MHP, or MEHP. Rats were fed with a diet containing 2.6 mmol phthalate ester/kg
diet ad libitum for 21 days, and controls were fed without phthalate ester. The
weight percent of individual phthalate esters in the diet ranges from 0.05% (500
ppm) of DMP 10 0, 1% (1000 ppm) of DEHP depending on their molecular weight
values. Urine samples on the last day (10:00 A.M~10:00 aM; 24-h urine) were
collected in amber bottles containing 1 mt of 1 mol/t HC, and stored at —25°C
until use.

Determinationof tryptophanmetabolitesintheurine, Tryptophanmetab-
olites were determined by high-performance liquid chromatography (HPLC). To
determine 3-HA (Shibata and Onodera, 1992), urine samples were filiered
through a 0.45-um microfilter, and 20 pl of the filirates was injected into a
STR ODS 11 column (4.6 X 250 mm LD., panticle size 7 um) (Shinwa Chemical,
Kyoto, Japan), The mobile phase was 50 mmol/l KH,Po, (pH 3.0)-acetonitrile
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(100:10 v/v) containing 3 mg/l ethylene diamine tetraacetic acid (EDTA)-2Na,
the flow rate was 1 ml/min, the column temperature was maintajned at 40°C, and
3-HA was detected at +500 mV elecirochemical detection (ECD).

To determine QA (Mawatatt ¢ al., 1995), urine samples were filtered through
a0.45-pm microfilter, and 20 ul of the filtrates was injected into & Unisil G C18
column (4.6 X 250 mm LD., particle size 5 um) (GL Sciences. Tokyo). The
mobile phase was 20 mmol/] KH;Po,, pH 3.8, containing 0.00045% tetramethyl-
ammonium hydroxide and 1.2% hydrogen peroxide, the flow rate was 0.6 ml/
min, and the column temperature was maintained at 40°C. The fiuorescence
intensity at 330 nm was measured upon excitation at 326 nm.

Nam, 2-Py, and 4-Py in the urine samples were measured simultznecusly
(Shibata, 1987a). Briefly, 1 ml of urine samples was mixed with 10 i1 of | mg/ml
isonicotinamide as an internal standard, 1.2 g of potassium carbonate, and 10 mi
of diethylether. The mixtures were shaken vigorously for 5 min, and centrifuged
at 800 X g for 5 min. The organic layers were evaporated, and dissolved in 0.5 mt
of water. Aliquots of each sample were filtered through a (.45-um microfilter, and
20l of the filtrates was injected into s CHEMCOSORB 7-ODS-L.column (4.6 X
250 mm LD., particle size 7 pm) (Chemco Scientific, Osaka, Japan). The mobile
phase was 10 mmol/t KH,Po, (pH 3.0)-acetonitrile (96:4 v/v), the flow rate was 1
ml/tain, the column temperatore was maintained at 40°C, and the detection
wavelength was 260 om.

To determine MNA (Shibata, 1987b), urine samples (0.1 ml each) were mixed
with 0,7 ml of water, 0.2 mi of 1 mmol/l isonicotinamide, 0.5 ml of 0.1 mmol/l
acetophenene, and 1 ml of 6 mol/l sodium hydroxide. After the mixtures were
cooled on ice for 10 min, 0.5 ml of 99% formic acid was added, followed by
boiling ina waterbath for 5 min. The mixtures were cooled on ice, filtered through
a 0.45-pm microfilter, and 20 pl of the filtrates was injected into a Tosoh 80Ts
column (4.6 X 250 mm L.D., particle size 7 um) (Tosoh, Tokyo). The mobile
phase was a mixture of 20 mmol/l KH;PO,, pH 3.0-acetonitrile {97:3 v/v) con-
taining 1 g/l sodium hepansulfonate and 1 mmol/l EDTA-2Na, the flow rate was
1 ml/min, and the column temperature was maintained at 40°C. The fluorescence
intensity at 440 nm was measured upon excitation at 382 nm.

Enzymesandassays. Because the dietary protein has been shown to induce
ACMSD in the rat liver (Fukuoka et al., 1998), male Wistar rats (10 weeks old)
were fed a high-protein diet (40% casein) for 4 weeks. Male ICR mice (9 weeks
old) were fed the control diet{20% casein) for 1 week. Animals were sacrificed by
decapitation, and the liver and kidneys were removed frorm rats and ice, respec-
tively. The organs were immediately homogenized with a polytetrafluoroethy-
lene (PTFE)-glass homogenizer in 5 volumes of cold 50 mmol/l potassium
phosphate buffer, pH 7.0. The homogenate was centrifuged at 55,000 X g for
20 min, and the supernatant was used as an enzyme source. Four or five animals
per group were used and the enzyme activities were assayed with the supernatant
prepared from each organ.

Human ACMSD (Fukuoka et al., 2002) or human guinolinate phospho-
ribosyltransferase (QPRT, EC 2, 4. 2. 19) (Fukuoka er al., 1998) transiently
expressed in COS-7 cells was prepared from cells cultured for 72 h after trans-
fection. Cells were harvested and lysed with 50 mmeol/] Tris-HCl buffer, pH 7.6,
containing 137 mmol/l sodium chloride, 1% Triton X-100, 5 mmoll EDTA,
100 pmol/1 leupeprin, and 20 pg/iml FOY-305. The homogenates were centri-
fuged at 100,000 X g for }5 min, and the supernatants were used for assaying
enzyme activity,

The activity of ACMSD was measured as described (Ichiyama er al., 1965).
The reaction mixture containing 10 pl of 3.3 mmob/1 3-HA (in 50 mmol/ Tris-
acetate buffer, pH 8.0); 0.5 ml of 0.2 mol/l Tris-acetate buffer, pH 8.0; and G.2 ml
of water was incubated in a cuvette for 5 min a1 25°C. ACMS was produced by the
addition of an excess quantity of the purified 3-HA oxygenase (50 pul containing
0.4 mg protein). After the formation of ACMS was complete, as judged by its
absorbance at 360 nm, 0.1 ml of the ACMSD preparation was added. The
decrease in absorbance at 360 nm was followed for 5 min against a control
incubation that contained all the ingredients except 3-HA. When the effects
of phthalate monoesters were examined, 50 pI of the esters dissolved in ethanol
was added before the addition of the enzyme, The control incubation contained
50 p of ethanol. The effects of phihalate diesters could not be tested because of
their low solubility in the enzyme assay mixture.

FUKUWATARI ET AL.

QPRT was assayed as described (Shibata ef 2., 2000). The incubation med-
ium contained 50 pk of 300 mmol/l potassium phosphate buffer, pH 7.0, 50 ul of
10 mrmtol/l QA, 50 wl of 10 mmol/l phosphoribosylpyrophosphate, 10 pl of
160 mmol/t MgCl,, 20 pl of phthalate monoester dissclved in ethanol, 270 ul
of water, and 50 U of the enzyme preparation. The control incubation contained
20 pl of ethanol. The reaction was started by addition of the enzyme, and the
incubation was carried out at 37°C for 1 h. The reaciion tube was ptaced in a
boiling water bath for 5 min' to stop the reaction, cooled on ice for 5 min, and
centrifuged at 10,000 x g for 5 min. The supernatant was filtered through a
0.45-ytm microfilter, and 20 pl of the filtrate was injected into a HPLC column,
Tosoh 80Ts (4.6 X 250 mm LD., particle size 7 pm) (Tosoh, Tokyo). The mobile
phase was 10 mmol/] potassinm phosphate buffer, pH 7.8, containing 1.48 g/l
tetra-n-butylammonium bromide-acetonitrile (90:10 v/v), the flow rate was 1.0
ml/min, and the column temperature was maintained at 40°C, The product was
detected at 265 nm.

Statistical analysis. The values are expressed as the mean %= SEM.
The statistical significance was determined by ANOVA followed by Tukey's
multiple comparison test.

RESULTS

Body Weight, Food Intake, and Liver Weight

Body weight of rats (6 weeks of age)} at starting point of
experiments was 140 * 3 g and their weight increased almost
linearly with gains of 6.2 = 0.4 g per day. There was no sig-
nificant difference in growth between groups fed phthalate esters
and the controt group. Food intake (g/day) of rats was 10 + 0.5 at
6 weeks of age and increased to 17 £0.5,20 £ 0.7, and 22 = 0.8
at 7, 8, and 9 weeks, respectively. Phthalate esters showed no
significant effect on food intake. Food intake/kg body weight/
day varies depending on age (66 g at 6 weeks and 77 g at 9
weeks). When we used an average value of food intake (70 gikg
body weight/day), intake of phthalate esters was calculated to be
0.182 mmobkg body weight/day, and therefore the weight
values of phthalate esters ingested ranged from 35 mg/kg
body weight/day of DMP to 70 mg of DEHP, depending on
their molecular weight values.

DEHP causes hepatomegaly in rodents by proliferating per-
oxisome (Elcombe and Mitchell, 1986; Ward et al., 1986). How-
ever, the liver weights of phthalate ester—fed groups measured at
the end point of experiments {9 weeks of age) did not differ from
those of the control groups, indicating that DHEP at the dose
level given in this experiment does not cause significant
peroxisome proliferation.

Effects of Phthalate Diesters on the Urinary Excretion
of the Tryptophan Metabolites

To assess the effects of various phthalate diesters on the
tryptophan—NAD pathway, rats at 6 weeks of age were fed
with a diet containing DMP, DEP, DBP, DOP, or DEHP for
21 days, and the urinary contents of tryptophan metabolites
such as 3-HA, QA, Nam, MNA, 2-Py, and 4-Py were measured.
The sum of Nam, MNA, 2-Py, and 4-Py was expressed as Nam
metabolites. As shown in Figure 2A, the urinary excretion of
3-HA was not changed by any of the phthalate diesters used. In

437



PHTHALATES DISTURB TRYPTOPHAN METABOLISM

305

i 15000 25000
= g |? iz |
b 25 o zg‘
i - Z £ 20000 -
=] © =]
A ] ] = =
g w20 H g E
o 8 = Elsum
ES s E =
BE . 3 2 10000
h’-—«lﬂ -g
g 5 . gsmu—
S P =]
D I 2
- T TR - VR - PR - "R - TR G g &R T OB B R B Ry
] =] B oag ¢ o ] =]
g E 2 8 8 E g 5 B 8 8 § £ £ 838 R §
8 =1 o [~] s a

FIG. 2, Effects of phthatate diesters on the urinary excretion of 3-HA {(A), QA (B), and Nam metabolites {C) in rats. Male Wistar rats at 6 weeks old were fed
with a diet containing 2.6 mmol phthalate ester/kg diet ad libitum for 21 days. The phthalate esters used were DMP, DEP, DBP, DOP, or DEHP. Urine samples
o the last day (10:00 Am~10:00 AM.; 24-h urine) were collected in amber bottles containing 1 ml of 1 mol/L HCI, Values are means + SEM;n = 5. %P « 0.05
versus the control.
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FIG.3. Effects of phthalate monoesters on the urinary excretion of 3-HA (A), QA (B), and Nam metabolites (C) in rats. Male Wistar rats at 6 weeks old were
fed with a diet containing 2.6 mmol phthalate ester/kg diet ad libitum for 21 days. The phthalate esters used were MBP, MHP, MEHP, or DEHP. Urine samples
on the last day (10:00 AM—~10:00 AM; 24-h urine) were collected in amber bottles containing 1 mi of 1 mol/L HC]. Values are means = SEM,n =35 *P < 0.05

versus the control.

contrast, QA (Fig. 2B) and its downstream metabolites (Nam
metabolites in Fig. 2C) were markedly elevated by DEHP. Both
DBP and DOP also increased the urinary excretion of QA buttoa
lesser extent; DMP and DEF, however, had no effect (Fig. 2B).
DME, DEP, DBP, and DOP did not affect the excretion of Nam
metabolites (Fig. 2C). Thus the length and structure of side
chains in the esters appear to be crucial for the urinary excretion
of tryptophan metabolites. DEHP that has long and branched
side chains was the most powerful disruptor of tryptophan
metabolism.

Effects of Phthalate Monoesters on the Urinary Excretion
of the Tryptophan Metabolites

Because the phthalate diester-induced effects may be due to
the monoesters that are produced in the digestive organs (Lake
et al., 1977), we also examined phthalate monoesters. Rats at 6

weeks of age were fed with a diet containing MBP, MHP, or
MEHP for 21 days, and the urinary excretion of the tryptophan
metabolites was assayed. The experiments with DEHP were
performed again for comparison with MEHP. As shown in
Figure 3, the results were very similar to those when the diesters
were used. The urinary excretion of 3-HA was unchanged after
administration of the monoesters (Fig. 3A). Large increases in
QA and Nam metabolites were found when MEHP was given,
and those increases were similar to the ones found with DEHP
(Fig. 3B and 3C). When MBP and MHP were given, there was an
increase in the mean values of urinary QA and Nam metabolites

but the increase was not statistically significant. g

Effects of Phthalate Monoesters on ACMSD and QPRT

Feeding of MEHP or DEHP strongly increased urinary
excretion of QA and its downstream metabolites in the
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