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3% 4. The content of total nicotinamide (niacin) in human milk.

S, TrTILE FAT YV BE
(nmol/ml) (pg/mi)
i 78 182532 2.22+0.65
21-89HRE#AA. 43 19.1£5.7  2.33%+0.70
EEHR 22 205+54  2.50%0.66
ZERRI 21 176%£58  2.14%£0.71
90-179 H RE#LEL 35 17.2+4.6  2.10%0.57
k== 18 18449 2244059
ZEFEREL 17 159:£42  1.94%0.51
3mean =+ SD.

2. MLz BROBIHFDTA 72 ViBEOFEHI
18.235.3 nmol/ml (2.22+0.65 pug/ml) TH o 7z, #5121
~89 B ORI TIE 19.15.7 nmol/m1 (2.33£0.70 pg/
ml), #¥FL90~179 H OBMI Tt 17.2+4.6 nmol/ml
(2.10£0.57 pg/ml) TH Y, FILORIEHIC L 2HE
BROLNLehodz, T, BELAZBTHELTY,

BIFDOFA T U ERICHEBEIZEDONE o 7.
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YERTFTLDIODNRS THSH, Heard B, £
HEFFoDOBULEDEFF By R EE3E
€T, ARICFHBENGVIRETEELTWwA S

& %REEL, Hood & Johnson?id, #ISLIZIE~mishsl,
TEHYFTFVBESBNIEERLE.

EFFrOEREET—FICEBEIC L 2MEDE
BEEMER SN TV A, ZOFEIC L S Goldsmith 510
DEETEWAE, BTH, AT TEY 007
5 0.47 pg/100ml ~EHML T 5. Ford 5100
£Th, HHEGBLE) OBILT 021 205 0533 ny
100m! L WELEEAICfE » THML TW5. ZBRHE
(20~34B) DI TH EAF VBEICSKERENR
RohTwiwv, SHICHERIOE?S 64 AO/EIC
BIERAINTY, EFF 581308712042 ug/100g T
H o2,

Hirano 51313, BARABIBERSICL T, BEY
ERED1DTHE 7L — MEWTHILEAF v E%
GHLTWVA, ThETOSERLERIC, WILEIC
o TETF EFEML, 35 BORAIL TIIFY
0.520.21 ug/100ml & FOROHE L KR TEREZED
BBV, B, BEMCFO8EY, DI, B
TEB L UEMILTENFN 539, 64.0, 772 % &£
MLUTWAA, TR Heard HDFEREIZELY, 4
BOMEPLETHS.
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$£ 5. List of the biotin content in human milk.

XHk BT B (g BILH FIHHEY  oE
Hood and Johnson, '80  0.295/100ml WEL 18 R HHE
1.246 BB 49H
Goldsmith et al., '82 0.07/100g BHRATIL  3-8H WAEMFENERE(LEBE)
0.3 BT 10-14H
0.47 REFAEL 30-47H
Ford er al., ‘83 0.02 1 /100ml WL 1-5H AR NERE (BE)
0.22 BATIL 6-158
0.533 R #AEL 1-244H
Friend et al., '83 0.87/100g BEREL 108-67 8 #EYSENEEE(LEE)
Heard er al., '87 2.03/100ml ERBIL BEHMLENEEE
Salmenpera ef al.,'85  n.d./100ml HiER <58 WA EERE (LS
0.45(n.d.-2.7) #5L 24 A
nd-1.8 B4 6+ A
0.18-1.0 #4L 94 H :
Hirano et al., '92 0.08/100ml mEL <58 BEMENEEE(T V- M E)
0.18 #AT8L 6-14H
0.52 RS 15-24H
Present study '04 0.41/100ml B3l 21-89H BAEMENERR(LEE)
0.36 L 90-179H




TR BH, A0 FE BH O kB BE

404 Y3

BEFTLRTVEDN, N34 VRBER W
Salmenpera & 1) DIETIE, BILTRHEEZSHET
BiEEACOELGTESF Y EED R ok,
L, WE2y BARTRETF U813 045 ng/100 ml
gL, 20BROELMEROIWT—ETHS.

Dok, ThEaTORETHE, PAOLEF
BERS COBA 0 ugt00m BLFTH5. LaL,
BAITHD S HHIA L, RALTOREAFVF
BT TH 0.5 1g/100ml TH Y, WIICH~THR
ATHERRLTWS, T, MEZIEDLATRLE
FBLIEBEIBINLNLOLEZLNE,

LEMEL-BALETFCEEBICOVWTE, Y
0.39 ug/100 ml TH - 7z, RWEHPLFEHICL > TKE
RERBRIFEOLAE, oM. LEBLEYE, TRET
KRESNTWARRILOY T F UV EHEE L HINEE
Tholr. TOHEBILOVWTIRELI TRV, &
B, IEFOCTFVIBBEREHICL o TEETEZ
ENBEINTWEY, BLTEEHEEIZALA
T, BEELAFTOENRLTWARST P ES Y
W LR ENRS,

YdFrid, ERREEERAOXEREE RS
BIEE—IBWT, FEREEFRLOTHEES R
720, 0~5 4 HOFRT, Spg/H, 6~117 BDOSLRT
sugBA & 8hiz. L Lads, FR12£02002F)1
HET SN AT BREREEESFRICD €4 F 3
EhTwisve, TR 15 £(2003 ) ICEATNW &
LCEA shizds, ERMBESEERICRELN, &
PREHAANOTIMI VT ZICHFET Eh T,

hEEORMBILILEINIRYTF VB, —#
FEHI, WhWAFRABIUT I+ 0—7T v 7TH3
V7 TI3TH 1.04 pg/100keal TH Y, HEABFHRI LV
7 T3 0.40 pg/100 keal TH 5160, T hid, 5K
Bz, KEOHI VO T F UEE 2.3 ug/100
keal, FEVNEFHES (AAP) B L UFFAO/WHO DIESR{E
1.5 pg/100 keal |2 b8 L TIRAE TS 5 1718), ‘

DAEICBIT A ATIHEBEO A F A ENER, #
EFTIH1HICT0m OF I NV BEBRLESIS, —
EEES L TRTY 52 uy/B (B 23 ug/B) TH 5.
—%, BERSBEI VOB, FH23uyH (&
A02pg/B)THBH10), HEEBRHRINVIERIILLY
FF v RZEFROYFF VEREZ 075 BLU 04
ug/B L, HbHPEOHLROMEBEELL<EFL (EET
& o 7719)-22)

IORDYFF rEEFSRVEBSH, L IlE

%, RARAE, @ERE F £H =O

(K531 78%

EREBBRINVI 2EZONTWAALRT, ¥IF R
FTEOHREIREEA TS, 4%, ILPHRBIIBW
T, LCREFEPLBEL SNTVAREOY G F
VEHEBILOWTEENLETHS .

2. I NTURR

BARONSY M FUBREER, FRREEAFRAD
FENEE—AEENEE—TE, HEASYORERA
OBIPOTF—F2HAL, 024mg/100ml & LT3
D, —%, AETHAEMEERSRTHE, TORLEE
L7 B2HMTFRERESHME DO 7~ ¥ 2° 5 0.5 mg/100
g DEFRBENRT WA, TOMEOEMEV, B
ROBNY T VEERBET 5720047 IE R E
DENERLTWAE LD EEbh s, HFERESE,
BB Y - DT A - FRIBREBETT > T
5. —7F, AETEBARESBERSRIITEATVIE
EORBEHEL, FRXTRLEFENOT IV —
Y kAT —¥ETHB.

FIT, MEBERSY T VBB FECEVICL
DRI T UBRERENEE~OREELED -
O, NMFBRETIV—F - HNERAT TS —X
BEIRL Y DT AR —EEETo. TOERIZ
KIWRLAEBNTHED, 7IF—E- - K277
S —VHEDERNIL - V7R —FELIEN
EERLZ, BILCRLZEIE, /4y PTA
¥y -V Lk AEiEREL, BHLPOBBER LM
VERIIH LTI, BRIZAETIEZWI EPHEL ML
ot LkhoT, BRAOBILFO®K/ S T
BEREL LT, BELPRICRLELRETERE
EREERSROEN S, 5.0ugml WEHTH B L
B L7,

FE, Johnson 5B, EELFHVTVEHELR
UHETHE LS, 670ugm &V EEHREL T
Wwh, —F, Sy VTR -YETHELL
Picciano?) i3, 2.2~25pug/ml & W) EFRE L TV 5.

E2LOHERTIE, 21~89 HIZESN AZLE 90~
179 BICE LN AFLOBTHEEREENRDO LN
», HLOHMETIEEIHESA TR, FFEHSL
DOWETI, Sk 3~30 BE T 36 pg/ml BE,
31~240 HAL TR 28 ugml BETH D, ZEEFROLON
Twh, Ths, BRALKBEACEL 228D, BEF
WL BEENISBRBEVBNTHEHL MLV, 2
B, Song HIE, REORIGOR/ SV M7 VBEER
12, BHHECRIBL Y OBWERRLALHELT
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Wa, LhLuadDs, BREREDZWIIEHHEICS
Th, WEPFLEMAILE DRI, BV P FVEEEEIC
EZERTDOLN Lo RELTVDS.

LY EOTWEHILICEITN IRV P FVBER,
FEHOBERIC IS, —EHEUBILT, 2R100gY
72 1) 2000 ug (400 pg/100kcal, &5\ 14 % FFLIL 100
mlE720280pg) THE. TOATIIE 1B 750ml 5
Z25E, 21mgHBONY VT UVBSERTELI LI
BB, ZOER, BERRUEHERAOEEREENE
(18 myE)CIFIZELE TS, L2LEDS, bL, 8
LRWET, SO0ug/ml &) EFFRA SN, FLE
(0~57 B) D3> v 7 VEFTERE 3.5 my B REOE
ERBEESNDE, FOLI T, HAnILe
DRV T UBRERERIENMSEALENSHS. L2l
LZHG, EROREMILERA TV ATEERT,
NP FUBREFELLECIBERRED %
v Zhid, TRAF-[E, SCEFEASHcLE
THBN PTVEBIRZLEVE I, RECLA
IS FoNBBFHAGEE 2 L ICBE LTy
2bolBbhad, oF), U hFUVESEHER
ZLTH, My bF VBV, B
HMEVPES LTV HREY S S, BE, RATH,
N M TFUBTIEBLASE T L VEEY 9 BMERR
5LTh, REERPDBOLBL Dok EDHRES
NTV 526,

BRELT, BEAOBIFOR/ Y M VEBEE
DEL LT, 50ugyml PEFETHB.

3. FAF7L
Keld, CNITREHESNTVLIRATDF AT

Bﬁkﬁﬁwﬁﬂ¢2%%yiﬂy

FNFUVBBIUFATVVORE 405

VYBEIIDOWTELDILDTHS, Ford 51D,
1F) ANEIR 18~ 21U BERHBE LT, BEYEE
FILLDEAFA T ERBESH L. DHBBOE
T A7 EEOEHER, SHE1~5 T 050
pg/ml, 6~15 BTl 1.42 pg/ml, 16~244 BTl 1.82
pg/ml EEMATE &Nz,

HEBELIL, BEAENREHRE LT, HPLCE
WKEDBAT ATV vEETHRTSE. BIHFAT
YUEBOFNEE, R 3I~5HTO0Tugml, EIL6
~10 BT 1.2ug/ml, 5L 11~15 BT 24 pg/ml, 31~
60 HT23pg/ml, 61~120 AT 1.9 ug/ml, 121~240 H
T 1.8 ug/ml TH o7z, Ford H1V0HE L Figiz, &
LF AT rERBITMILD SBITH, HIL~N LM
L, B TI—FED L ANEEOILERLTHAS,

R ARFOF AT CEERNETAHEE,
EBMElThTEEE A - Y 2 L—TMBE L, Lacobacil-
lus plantarum ATCC 8014 % iz EE i+
D, BRI N BPBERERGLEEESA
TP ELFERELTEY, BERIKFIETEL LS
BEHFA T2 BERO_aF VBIITAD0
BETHS. e PTRERLAL=aF VB, BER
BTHBHNADEZMLT, $CI=aF 73 Ml
EN, Fhe ME=aFVEE— = OF VT I FEIEH
EbDTHVLD, BHPOFA T vid=aF 7
I FHBHWIENAD, NADP & LTHETS. HEDE
Bk FV 7 Ford 510 0O#E L HPLCEE AV HF
AoY0HEEL 2 ETL L, HIEENBENCLIER
ERB LR, T, - by L— 7B
IO NADBLUNADP ¥ =aF 7 3 FIZHHEL,
HPLC AW C=aF 73 FEFHEL, =oF

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

SRR BIFA T 0B IFIE ZILE & SHE
{ug/mi)

Ford et al, '83 0.50 Wil 1-5H e ENEREE
1.42 #iTH 6-158
1.82 B#AEL 1-2448

Idota et al, '96 0.70 EIIEN 3-58 HPLCIE
1.2 e AT 6-10H
2.4 #A75 11-15H
2.6 B 16-308
2.3 BB 31-60H
1.9 R #EL 61-1208
1.8 B 121-240H8
1.7 BLELEL 241-482H

Present study '04  2.33 BEL 21-89H HPLCH:
2.10 B 90-179H




WEE W, A0 HE BHF M KE FE ~
406 B/IE OB, RARBEE, BEE S, EE mo (€5 3r78%

FIFEFATLIRBELR

A@BEIE LRSI A TV EEREY 222 1gml T
HY, BEARMERE LA 23 pgml), 1 FUAAE
Wk L 1.82ugmltD LIZIZFEECH o /2. R 21
~89 H T 2.33 pg/ml, 90~179 B Ti& 2.10 pg/ml T
50, BUEHCL2EHERD o2, £
7o, EHEHIBD SN doiz. REPEHTAT
UEBIBLETHEBIOVCTEARETHEY, &
ATV VEREREREESEHICHRR(—EE
RRT LR ENDL. FHFETE, F-bI L
TUBERFoTIC=aF Yy TIFERPHETAI L
W BAFOEE-_aF U TI FERRELLES
5, ZOERB=aFCTIFEOH20% ERLE
(SeH S, RREE). JOERE, BAFOTATVY
BEICHEBEERTH L NAD HHVIE NADP L LTH
ETAIERTHRTAILOTHSE. RATHERFD
NAD # 5\ 3 NADP IZiE{bRc =2 F > 7 3 ML
xR, aF VT I FMWNETERIERIC L o TRIX
sna., LAL, HIBICBITENAD HSVIENADP D
BAARDICET2HREE RS, BB FO
NAD % %\ 3 NADP % LKOREEFIHE L Th20PRT
HTH5.
ERRUEBEAOERFEE AT ENLE-T
12, WETEAAESESESEDICRRERS N 2.1 pg/ml
(02mg/100g) ZBIAFA T VERELTRALTY
3. 0~5» BORETHII T 77 b+ ATI Y
ORIz, 0~57 BOILROFRERE, BILE
750ml ¥ LT, 2mg &% 5. XE - #+ ¥ Tid, Ford
S OHEITETVT L8 ug/ml ERAL, PYT L
Tr b FAT Y OEEE R, BIET80mI L
LT, 0~6 7 AOHEOHREES 2mg & LTV 32,
OEEORBBLICEThEF AT rER, —i}
BB, WAOAFRABIV 7+0—T v 7H3
Vo TR 46~84pgml Thb. DPEIICBITHALE
HEDFA Ty VERBEEETHE, 1B 750ml
RIBRLL 72354, 34~63mgBLid. ZOERIARS
BIUKE - 7 FVOFER2LEAZ30THS. =
DEOARGILTEN L - ATERRBIZFATIUR
TEFRLN LW HEIT R,

= #9

PFREICB 2 BAOKENRE ¥ I VEEEEL S
BB, REBLRAN»SBEBAOY G F

Y, RV FFUVBBIUTATICOEEEDWL
7. BILORBUE, {#3%21~89 BREB LTT90~180
BETESRLATIRNL:. EAFrB8LU ]
FrBRLBEEANALAREYEEETHEL, &
A7, HPLCETHEL:. BLOESF 88
BFEW 387 ug/ml E TR ETICHESRTWAEL L
BLCEEERLE. Y P FUBOEEIZTEY 530
pg/ml THY, ZOERENREETHRAENZEDH
2EDETHo. —F, FATI o8, 222
pg/ml L TNETOELLBLT, BICERIBAESN
Bipals, ThbhOEER, 4HINLDES I 0%
R EEYEETAOOEEN AT - L LTEE
TH5.

oo
ARGEIL TR 3ERE 5 b 1SR OB EHFE R AR R W&
(FFeieE4 C AARAOKENRY 7 I VL4ERICMT 580
) 2SI TR b0 TH S, MREMICHELRTS.
(SR 16. 1,30 5%19)
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KEEERILICIE, BEES I BEE: E4IVB1. EXI B
E43 Bs. E43I0B12. FAT7Y. NobTUB BB EFF)
EELZILCHEEND, FRIZEE~16FEETERAIN TV R EARY
FIoBWT, HUHTIEETANTOKEMEE 2 I OEREREENEKRE
Ehiz. SENHEICEVTEH. BETATOKBEE S I OREER
EEAEFLE, E43I0B1. EX232B2, E43X2Bs. E4 3 B2,
FATYL, BB, E42 I CHEEFHLEETHEEL £, N bT >
MEEAFUIEERETHRELE. LREFBRETELHDER, EFI>
Be., 717>, EBOIEETH /.

[FU®HIC

KEME I V&3, ZOTEL, KITHETS
¥yIvThb, JHITHLT, HWFICHETLE
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A7y, Ny hVF U EEE, TV LY
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y3IVA, ¥¥3IUD, ¥¥3IVE, ¥¥3I VKT
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AT7vr=Rsr7T, EB=HM. £¥3IC=
BN CEMBTREVEIRIENIRESINT
Wwardbo (E73I UyBe=0OM%- - HFE ¥ 3
YBe=Twh A, Y MTF B =EOKED
HER, EFF V=K% 0T b6Nhb

BRAOEY S Y OEGFIRZEE
ZRBUTCEREINETHS

MO KEAENRLY ¥ I vORTESY I VCER
(EEOBEEY ¥ I X, AERFTIRIZLALY
PREEME IV, Thbb, RATCHEHEE
L-RETHEEL TS, Bz, PEERT
W BEREEEELERETLHEET S, OF
., BERHOBEY ¥ 3 VIS 15 R ERE
TORBIZE THILSNS L W) BRPULETDH
D, EEWEOE Iy (FFU A PHLEY
¥ 3 UH) ZERLABLESHOY Y I VANE
EAETHAREHEDOR L Tl EAFI AR
Bh, LizdioT, BFENEELRETLHIT
. TTHEMOY Y I VOLBERFHREL. 2
OBEIZERHEOY ¥ I VOEKFIEELER
LTHEETNETH S,

SEOWETiE. ERBEROE ¥ 3 VB6id75%.
ERBEEOY ¥ 3 YB12id50%. BBk OER

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

BRI S HE Vol.19 No3 2004



30

1350% & V) EERIHEEZEH Lz, L LS
5. CThODEMFFIHFEOEE, BAANZHRE
EL7250TIER. L2 BARARHENIZE
THELDTH RV,
ARHEEOL Y I VBl, ARHEEOL & 3 >~
B2, BERHEEDF AT ¥ VIS EEFHEEIES
PTRVOTEHA LR o7,
HARNEWRE LB AR B8
7ol EDEFKFIHAELERDDERIPULETH 5,
LB, RN TFUBEEAFUVIZEREBE LT

ELOT, EEINAROZREHRNE RS,

#E (O~55H) OREEMEE
DERT

AR 0~57H) & BAZELEERLTY
HRO, BEIIRET S, COEZHFITLI o
TRETHHEPRDEYUTH S, Lo,
CORFIOAEERNEEIBAFOL I VER
BN OCAUEE LTRDBZENTEL, &
EOHFEICBNTIE, COZELHICHSTEEL
72s

AR (6~115H) OREENE
BOEAT

(LB (6~11+ 8 (A)] & B L&D
ZODEGEENORERETERL TS, BF
KHRELTWAHARSERT 2 BAE L BALFO
CYIVERBIUHALENSBOAESIVE
ZRE - EMT 2 HEN BENDPORYLEE
FETHBEELS,

SEHOHETIE. Q¥ ¥ 3B, ¥¥% 3 VB,
¥y 3IVBe, ¥¥ 3 VB2, FAT VY, EEE
vy s yCoER. AR (0~ (A) oHZE
IARRERE. (6~ (A)) ofEEENFE
/0~ (B) OEIEREOMKE] 075% ) 72 8E
(0~ (B) DE LHHELAMEEL V) ERA
(18~295%) o#R‘EIC. {(6~ (A)) OFIE
BEOKE/RA (18~29%%) OEMEEFDMK

Bl x13l BT EE (RAOMED S HE
L7:fEE ) DZODEOFHEE L, @8
YT UEELEA T oHER. 2R 0~ (B))
DAMEIZRERRERIL. 6~ (B)) OffiikiEm
DEE/N~ (B) OEGERBEORE) 5% 017
ToHAED HETE L 2

1~COmDEE=ENEEDERS

BEOBVHREZRET HITIE, HHREI
BeADEDEY I Vv ELESZRRELET. K
ZRHERVHENT-BEEN 2 o2 B2 RO B ER
ZERETHLN, MBLIOHEOERY B4
I EEDBRPRTERY, FIT, BEIIFbN
TN ARBR» L, HRELHEETELE2HL2 0,
COERFTEEENEEORELXTOIRY . @
BUEEEEBI R o T, ERMICEENED
AT Eidw,

RZEC) BRIEBCEDLZKBEE Y I VD
FERBOBEZET I ENULETH B, B M
BOTHOLNZABIMBEEROALTH B, TR
134F BE~154F THAR & N7 B A S @R S 52 H
Bh& (Wiseitds - HAAOKBHEY & 3 V4B
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Tryptophan is metabolized to a-amino-8-carboxymuconate-s-
semialdehyde (ACMS) via 3-hydroxyanthranilate (3-HA). ACMS
decarboxylase (ACMSD) directs ACMS to 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 tryptophan 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-ethylhexyl)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 net be tested because of its low solubility,
MEHP reversibly inhibited ACMSD from rat liver and mouse kid-
ney, 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
coincidentally.

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 et al., 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 (zeviewed in
Koizumi eral., 2001; Sheaer al., 2003); administration of phtha-
late esters exhibits reproductive and developmental toxicity
(David er al., 2000; Davis et al., 1994; Lamb ef al., 1987;
Wine et al., 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-
city of phthalate esters (Lake ez 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 ¢-amino-B-carboxy-
muconate-g-semialdehyde (ACMS), which is converted by
ACMS decarboxylase (ACMSD, EC4.1.1.45) to ¢-aminomu-
conate-g-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 et al. (1983) and more
recently Pawlak er al. (2003) have shown that QA 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-amino-B-carboxy-
muconate-g-semialdehyde; AMS: o-aminomuconate-e-semialdehyde; QA:
quinolinate; NaMN: nicotinic acid mononucieotide; NiA: nicotinate; NMN:
nicotinamide mononucleotide; Nam: nicotinamide; MNA: N‘-methylnicoﬁ~
namide; 2-Py: N'-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: o-amino-f3-carboxymu-
conate-g-semialdehyde decarboxylase; QPRT: quinolinate phosphoribosyl-
transferase.
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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 multiple sclerosis (see review by Stone and
Darlington, 2002).

The structural similarity of phthalates with tryptophan metab-
olites prompted us to examine the effects of phthalate esters on

303

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
measurement of the tryptophan metabolites excreted in the urine
make it possible to estimate phthalate ester—induced changes
in tryptophan metabolism (Fukuwatari et al., 2002a, 2002b;
Shibata et al., 2001). We previously reported that di-n-butyly
phthalate (DBP) (Shibata er al., 2001) and DEHP (Fukuwatari
er 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 alsc 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),
diethyt phthalate (DEP), DBP, di-n-octyl phthalate (DOP), DEHP, monoethyl
phthalate (MEP), Nam, and QA (Wako Pure Chemical Industries, Osaka, Japan);
mono-n-butyl phthalate (MBP), mono-n-hexyl phthalate (MHP), MEHP, and N
methylnicotinamide (MNA) chioride (Tokyo Chemical Industry, Tokyo); gela-
tinized comstarch (Nichiden Kagaku, Tokyo); corn 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 er al. (1988). All other
chemicals used were of the highest purity available from commercial sources.

Animals and diets. The care and treatment of the experimental 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 a room 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 later. Body weight and food intake were
measured daily at 10:00 am, and food and water were renewed daily. Male
Wistarrats at 5 weeks old were placed inindividual metabolic cages (CT-10; Clea
Japan) and acclimated for 1 week. They were fed the control diet containing no
phthalate esters. Experiments (five animals per group) were started by using rats
at 6 weeks of age. The control diet consisted of 20% casein, 0.2% L-methionine,
45.9% gelatinized cornstarch, 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 to 0.1% (1000 ppm) of DEHP depending on their molecular weight
values. Urine samples on 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, and stored at —25°C
until use.

Determinationof tryptophan metabolitesinthe urine. Tryptophanmetab-
olites were determined by high-performance liquid chromatography (HPLC). To
determine 3-HA (Shibata and Onodera, 1992), urine samples were filtered
through a 0.45-um microfilter, and 20 pl of the filtrates was injected into a
STR ODS Il column (4.6 X 250 mm L.D., particle size 7 pm) (Shinwa Chemical,
Kyoto, Japan). The mobile phase was 50 mmoV/1 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 maintained at 40°C, and
3-HA was detected at +500 mV electrochemical detection (ECD).

To determine QA (Mawatari et al., 1995), urine samples were filtered through
a 0.45-pm microfilter, and 20 pl of the filtrates was injected into a Unisil Q C18
column (4.6 X 250 mm L.D., particle size 5 um) (GL Sciences, Tokyo). The
mobile phase was 20 mmol/l KH;P0,, 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 fluorescence
intensity at 380 nm was measured upon excitation at 326 nm.

Nam, 2-Py, and 4-Py in the urine samples were measured simultaneously
(Shibata, 1987a). Briefly, 1 ml of urine samples was mixed with 10 pl of { mg/ml
isonicotinamide as an internal standard, 1.2 g of potassium carbonate, and 10 ml
of diethylether. The mixtures were shaken vigorously for 5 min, and centrifuged
at800 X g for 5 min. The organic layers were evaporated, and dissolved in 0.5 ml
of water. Aliquots of each sample were filtered through a 0.4 5-jum microfilter, and
20 ul of the filtrates was injected into a CHEMCOSORB 7-ODS-L column (4.6 X
250 mm LD, particle size 7 um) (Chemco Scientific, Osaka, Japan). The mobile
phase was 10 mmol/l KH,Po, (pH 3.0)~acetonitrile (96:4 v/v), the flow rate was 1
ml/min, the column temperature was maintained at 40°C, and the detection
wavelength was 260 nm.

Todetermine MNA (Shibata, 1987b), urine samples (0.1 ml each) were mixed
with 0.7 ml of water, 0.2 ml of 1 mmol/] isonicotinamide, 0.5 m! of 0.1 mmol/l
acetophenone, and 1 m! 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 water bath for 5 min. The mixtures were cooled onice, 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 pm) (Tosoh, Tokyo). The mobile
phase was a mixture of 20 mmol/l1 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 raie was
1 mi/min, and the column temperature was maintained at 40°C. The fluorescence
intensity at 440 nm was measured upon excitation at 382 nm.

Enzymesand assays. Because the dietary protein has been shown to induce
ACMSD in the rat liver (Fukuoka ez 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 from rats and mice, 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 er al., 2002) or human quinolinate phospho-
ribosyltransferase (QPRT, EC 2. 4. 2. 19) (Fukuoka et al., 1998) wransiently
expressed in COS-7 cells was prepared from cells cultured for 72 h after trans-
fection. Cells were harvested and lysed with 50 mmol/l Tris-HCI buffer, pH 7.6,
containing 137 mmol/l sodium chloride, 1% Triton X-100, 5 mmol/l EDTA,
100 pmol/l leupeptin, and 20 pg/mi FOY-305. The homogenates were centri-
fuged at 100,000 X g for 15 min, and the supernatants were used for assaying
enzyme activity.

The activity of ACMSD was measured as described (Ichiyama ez al., 1965).
The reaction mixture containing 10 pl of 3.3 mmol/l 3-HA (in 50 mmol/l Tris-
acetate buffer, pH 8.0); 0.5 ml of 0.2 mol/] Tris-acetate buffer, pH 8.0; and 0.8 mi
of water was incubated in a cuvette for 5 min at 25°C. ACMS was produced by the
addition of an excess quantity of the purified 3-HA oxygenase (50 p 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 1l of the esters dissolved in ethanol
was added before the addition of the enzyme. The control incubation contained
50 ul of ethanol. The effects of phthalate diesters could not be tested because of
their low solubility in the enzyme assay mixture.

FUKUWATARI ET AL.

QPRT was assayed as described (Shibata et al., 2000). The incubation med-
ium contained 50 W of 500 mmol/l potassium phosphate buffer, pH 7.0, 50 i of
10 mmiol/l QA, 50 pl of 10 mmol/l phosphoribosylpyrophosphate, 10 pl of
100 mmol/l MgCly, 20 pl of phthalate monoester dissolved in ethanol, 270 pl
of water, and 50 pul of the enzyme preparation. The control incubation contained
20 1l of ethanol. The reaction was started by addition of the enzyme, and the
incubation was carried out at 37°C for 1 h. The reaction tube was placed 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-pm microfilter, and 20 pul of the filtrate was injected into a HPLC column,
Tosoh 80Ts (4.6 X 250 mm L.D., particle size 7 um) (Tosoh, Tokyo). The mobile
phase was 10 mmol/l potassium 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 control 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 g/kg
body weight/day), intake of phthalate esters was calculated to be
0.182 mmol/kg 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
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FIG. 2. Effects of phthalate 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 mmo! phthalate ester/kg diet ad libitum for 21 days. The phthalate esters used were DMP, DEP, DBP, DOP, or DEHP. Urine samples
on the last day (10:00 A.m.~10:00 a.M.; 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 A.M~10:00 a.M.; 24-h urine) were collected in amber bottles containing 1 ml of 1 mol/L HCL. Values are means = SEM, n = 5. *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 DEP, 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
er 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.

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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‘ TABLE 1
Effects of Phtalate Monoesters on the Activity of ACMSD or QPRT”

Vehicle MEP MBP MHP MEHP
Rat ACMSD activity (pmol/h/g liver) 93x03 10.0 = 04 7.2 £ 0.6% 3.9 x0.2* 0.9 * 0.3+
Mouse ACMSD activity (mol/h/g kidney) 3.07 £0.13 2.88 + 0.15 2.63 = 0.30% 1.12 = 0.34% 0.21 = 0.16*
Human ACMSD activity (umol/l/mg protein) 215+ 11 226*13 177 £ 1.3 35 1.0% 1.6 = 0.4%
Rat QPRT activity (umol/b/g liver) 1.27 £ 0.03 1.30 = 0.07 1.29 = 0.04 1.26 £ 0.05 1.25 £ 0.04
Human QPRT activity (umol/h/mg protein) 10.7 £ 04 11.5 203 11.7+ 04 1.1 £ 02 11.1 £ 05

“Enzyme activities were measured in the presence or absence of 3 mmol/L phthalate monoester. ACMSD (a-amino-B-carboxymuconate-¢-semialdehyde
decarboxylase) was assayed with extracts from rat liver, mouse kidney, and COS-7 expressing recombinant human enzyme, and QPRT (quinolinate phosphor-
ibosyltransferase) was assayed with extracts fromrat liver and COS-7 expressing human enzyme. Extracts prepared from five animals and five cultures of COS-7 cells
were assayed; values are means = SEM (n = 5). MEP: monoethy! phthalate; MBP: mono-n-buty! phthalate.

#P < 0.05 versus vehicle.
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FIG. 4. MEHP inhibits human ACMSD activity in a dose-dependent manner. ACMSD activity is shown as the amount of enzyme that generates tmoles of
AMS per hour per milligram of protein. QPRT activity is shown as the amount of enzyme that generates [moles of nicotinic acid mononucleotide per hour per
milligram of protein. Values are means * SEM, # = 5. *P < 0.05 versus the control.

tryptophan-NAD pathway but did not change the excretion of
3-HA, suggesting involvement of ACMSD in this phthalate
ester-induced change of the tryptophan metabolism; the cellular
concentration of ACMSD protein may be decreased or ACMSD
activity may be directly inhibited by these esters. To test the
latter possibility, rat, mouse, and human ACMSD activities were
measured in vitro in the presence and absence of phthalate
monoesters such as MEP, MBP, MHP, and MEHP. Extracts
from rat livers, mouse kidneys, and COS-7 cells that express
human recombinant ACMSD were used as enzyme sources. To
show the specificity of the inhibition, QPRT from rat livers and
COS-7 cells producing human enzyme were also assayed.
Assays with the corresponding diesters could rot be performed
because the addition of the diesters caused turbidity in the
mixture for the enzyme assay. Table ! shows the results when
ACMSD was assayed with and without 3 mmol/l phthalate ester.
The high activity of human ACMSD compared with that from
rats and mice, is probably due to the high expression of this
recombinant human enzyme in COS cells. The same would
be true for QPRT. MEP, the monoester with the shortest
chain, was not inhibitory whereas low inhibition was found

with MBP. The inhibition became more potent as the length
of the side chains in esters became longer; MHP and MEHP
severely blocked the ACMSD activity from all sources, and
MEHP was the most potent inhibitor. In contrast, neither
human nor rat QPRT was affected by any of the phthalate
monoesters. Figure 4A shows a dose-dependent inhibition
of human ACMSD by MEHP; the presence of MEHP at
0.3 mmol/l caused a significant inhibition, and at 3 mmol/l’
the activity was inhibited by more than 90%. In agreement
with Table 1, MEHP was not inhibitory to human QPRT at
any of the concentrations tested (Fig. 4B).

To investigate whether the inhibition of ACMSD by MEHP
was reversible or whether MEHP irreversibly inactivated the
enzyme, human ACMSD was incubated for 10 min at 25°C
with 3 mmol/l MEHP, at which the ACMSD activity would
be inhibited by more than 90% (see Fig. 4). The enzyme was
then diluted fivefold with 50 mmol/l Tris-HCl buffer, pH 7.6, and
the diluted enzyme preparation was subjected to the enzyme
assay. The final concentration of MEHP in the assay mixture
was 0.06 mmol/l at which the inhibition of the enzyme should be
negligible if the inhibition is reversible. The activity of the
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diluted ACMSD was found to be comparable to that of the
control enzyme diluted without treatment with MEHP (data
not shown), indicating that the inhibition is reversible. A similar
result was obtained using rat ACMSD.

DISCUSSION

This study was undertaken to investigate effects of phthalate
esters orally given to rats on the tryptophan metabolisim. DEHP,
which has been most widely used in the formation of plastics, and
its primary metabolite, MEHP, caused the most dramatic change
in tryptophan metabolism. They markedly enhanced the urinary
excretion of QA and its downstream metabolites, while the
excretion of 3-HA was unchanged, raising the possibility that
ACMSD, a critical enzyme acting at the branching point of
tryptophan metabolisin, is inhibited by these phthalate esters.
In fact, MEHP reversibly inhibited ACMSD from human,
mouse, and rat sources in a dose-dependent manner. Some of
phthalate esters with different side chains promoted urinary
excretion and inhibited ACMSD but their potency was far
less than that of DEHP and MEHP. Thus it is very likely that
the inhibition of ACMSD by phthalate esters blocks conversion
of tryptophan to acetyl CoA and directs tryptophan metabolism
to the NAD pathway (see Fig. 1), and thus cellular QA and
Nam metabolites are accumulated, resulting in their increased
excretion into the urine.

Isenberg e al. (2000) explored the metabolism of DEHPgiven
orally to rats. MEHP was the most prominent hepatic metabolite
of DEHP, and elevation of the hepatic MEHP concentration was
time-dependent and dose-dependent, whereas the levels of
DEHP and phthalate were minimal and did not correlate with
the dose of DEHP or the time after its administration (Isenberg
et al., 2000). Oral administration of phthalate and 2-ethythex-
anol, hydrolysis products of DEHP, did not affect the conversion
rate of tryptophan to NAD (Fukuwatari et al., 2002b). In agree-
ment with the proposal that phthalate monoesters are produced
from the diesters in the intestine before absorption (Lake ez al.,
1977), these results indicate that MEHP is mainly responsible for
the perturbation of tryptophan metabolism.

According to Isenberg et al. (2000), hepatic MEHP concen-
tration in rats fed 1000 ppm DEHP for 2 weeks, conditions
similar to those used in the present experiments, was 9 |Lmol/g
tissue. In vitro inhibition of ACMSD by MEHP was apparent
(33%) at 0.3 mmol/] and greater than 90% at 3 mmol/l. These
results suggest that the liver in rats fed 1000 ppm DEHP accu-
mulates MEHP at the concentration sufficient to exhibit its inhi-
bitory effect on ACMSD, although all of the MEHP molecules
in the liver may not necessarily be available for this inhibition.

Previously we showed that ACMSD activity in the liver
extracts from rats fed DEHP was similar to that of control ani-
mals (Fukuwatari et al., 2002b). This result is not contradictory
to our present finding that ACMSD is inhibited in vitro by
MEHP. The inhibition is reversible, and therefore, even if
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MEHP is accumulated in the liver of rats fed DEHP at concen-
trations sufficient to block ACMSD, MEHP would be washed
out during the preparation of the enzyme; the resulting enzyme
preparations would contain MEHP at levels that show little
inhibition of ACMSD. Taken together, we conclude that phtha-
late esters perturb tryptophan metabolism through direct inhibi-
tion of ACMSD but not by reducing the ACMSD protein level.
The mechanism by which ACMSD is inhibited remains to be
examined. The very labile nature of ACMS, the substrate of
ACMSD, hampers kinetic studies of this enzyme.

Quinolinate is a potential endogenous toxin; it is neurotoxic
and has been suspected of being involved in the development of a
number of brain diseases (see review by Stone and Darlington,
2002). Although it is believed that the liver is a major site of
tryptophan metabolism, expression of ACMSD, as well as its
mRNA in the brain and kidney (Fukuoka ez al., 2002), suggests
that the phthalate ester~induced metabolic alteration occurs in
these organs. However, to date, there are no reports that show
neurotoxicity of phthalate esters. When DEHP (0-200 meg/kg/
day) was given to rats via oral gavage, few adverse effects on
neurobehavioral evaluations were found (Moser et al., 2003).
DEHP given to mice through the diet to provide levels of 0.01-
0.09% did not show detrimental effects on neurobehavioral
parameters (Tanaka, 2002). Examination of tissue distribution
by the use of the radioactive DEHP did not show significant
accumulation of the radioactivity in the brain of rats (Tanaka
et al., 1975) and mice during the pre-weaning period (Eriksson
and Darnerud, 1985). Quinolinate also can be a uremic toxin
responsible for anemia with renal failure by reducing the renal
production of erythropoietin, a growth factor essential for ery-
throcyte formation (Pawlak ez al., 2003). When DEHP at a high
dose (12,500 ppm in the diet) was given to rats, the erythrocyte
count, hemoglobin, and hematocrit values were significantly
lower than controls, but these effects were not found with a
lower dose (2500 ppm; David et al., 2000). Although no data
indicating that phthalate esters exhibit adverse effects through
accumulation of QA are available, effects of the concurrent
intake of a tryptophan-rich diet and phthalate esters are worthy
of further investigation. Such a series of misfortunes may
contribute to triggering and/or exacerbating various diseases.
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Estimated Conversion Efficiency of Tryptophan-Nicotinamide
Using an Activity Ratio of 3-Hydroxyanthranilate 3,4-dioxygenase to
Aminocarboxymuconate-semialdehyde Decarbexylase in Fishes
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In order to estimate the conversion efficiency of tryptophan-nicotinamide in freshwater fishes, carp
and crucian, the liver 3-hydroxyanthranilate 3,4-dioxygenase (3-HAQ) and aminocarboxymuconate-
semialdehyde decarboxylase (ACMSD) activities were measured. The activity ratios of 3-HAO/
ACMSD in carp and crucian were both around 5. These values were extremely low compared with
that of rat (650), which can synsthesize a significant amount of nicotinamide from tryptophan. The
activities of quinolinate phosphoribosyliransferase in carp and crucian were below the limit of detec-
tion. From these results, it was suggested that fishes cannot biosynthesize nicotinamide from tryp-
tophan. '
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%% 1. Compositon of the Diet for Fishes.

Materials %
Fish powders 50
Wheat flour 21
Vegetable oil cake 14
Rice bran 9
Food yeast 6

The food contains 43.0% crude protein, 3.0% crude fat, 3.0%
crude ash, 2.0% Ca, and 1.5% P.
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3% 2. The Activities of 3-HAQ, ACMSD, and the Ratio of 3-HAO/ACMSD in the Livers of Fishes.

3-HAO ACMSD
3-HAO/ACMSD
(wmol/h/gy  (umol/h/g)
Carp 324 64 5.1
Crucian 430 69 6.2
Rat 481 0.74 650

The values are the mean of the separate three experiments.

%% 3. Comparison of the QPRT Activity and the Concentration of Total NiA-NH, in Liver and Muscle.

QPRT Total NiA-NH,
(Umol/h/g) L iver (nmol/g) Muscle (nmol/g)
Carp N.D. 1129 293
Crusian N.D. 626 188
Rat 0.35 2093 647

The values are the mean of the separate three experiments.
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