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Effects of Feeding Pantothenic Acid Precursors on Microflora, Growth and

131

Urinary Excretion of Pantothenic Acid in Young Pantothenic Acid-deficient Rats

Tsutomu Fukuwatari', Keiko Miki', Isao Azumano® and Katsumi Shibata'

"Department of Food Science and Nutrition, School of Human Cuitures, The University of Shiga Prefecture
Daiichi Fine Chemical Co., Ltd:

Pantothenic acid is very unstable under acid or alkaline conditions to be hydrolyzed to pantolactone and
B-alanine. There is no information of the pantothenate deficiency which might be caused by hydrolysis with
gastric acid. It may be possible that pantothenate is synthesized again from pantolactone and B-alanine by
enterobacteria. Accordinngly when pantolactone and B-alanine was administered to pantothenate-deficient
infant rats, the growth and pantotheate content in liver and urine were compared with normal rats.
Consequently pantolactone and B-alanine has not supported the growth similar to pantothenate-deficiency.
Key words: pantothenic acid, pantolactone, B-alanine, urine, rat
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Q- a—

i
AU 7z F 73 2 IRBEIE (CoHiCINGOS-HCI = 337.27)
R 7 T8 2 (CiHaNaOe=37637) = 2 F 27 3 F
(CsHsN20=122.13) ;287 N T VBRIV ™ & (CiHNaOro-
Ca=47654) B LU B-7 5 = 2 (CHNO: = 89.09) 1E, #1
HrETERAST L VBEALL Sy b5y NV
(CeHiwO3 = 130.14) 1 Sigma (3 =1, SKRED LA L
7o dE R Y VB (4-PIC, CeEBNOs = 183.16) 13 ICN
Pharmaceuticals (7)) 7 4 W=7 RED ELEL-L 0%,
FICHIZE LA S% 238 L 0872 N Methylnicotinamide
(MNA) 164 (CHN,O-HCL = 159.61) 13 B s bk T ¥4k
KEHGER) DB N AF LY ) Rysilix
B3 F (2-Py, CHN:O: = 152.15) & N-AF Wd-¥') 3
VAR F XK (@-Py, GHN:O; = 152.15) 1%, Puliman &
Colowick”, B L ¢ Shibata 5 YO FHETAR L ok
FEAMETRGOF CREAEOL OB L2

Table 1. Composition of the diets.

Positive control Negative control Pantolactone B-Alanine Pantolactone + B-Alanine
Vitamin-free milk casein 20 20 20 20 20
L-Methionine 0:2 0.2 0.2 0:2 0.2
Gelatinized cornstarch 50.2 50.2 50.2 50:2 50:2
Sucrose 25.1 25:1 2541 25:1 251
Mineral mixture (AIN-93-G-MX) 35 35 35 3.5 35
Vitamin mixture (AIN=93-VX; PaA free) 1.0 10 1.0 1.0 1.0
Calcium pantothenate 0.0016 0 0 0 0
Pantolactone [¢ 0 0.00087 0 0.00087
B-Alanine 0 0 0 0.0006 0.0006

Values are:expressed g-per: 100 g of diet.
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Fig. 1. Effects of dietary pantolactone, f -alanine, and simultancous administration of pantolactone and [ -alanine on the body
weight gain (A) and food intake (B).

Weaning rats of the Wistar strain were fed with a pantothenic acid-containing diet (positive control, (), and pantothenic acid-free

diet (negative control, © ). As the test groups, the rats were fed with a PaA-free diet containing pantolactone ( 1), f -alanine ( []),

or pantolactone and f3-alanine (<) for 28 days. Values are'means =+ SEM for five rats.
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Tablé 2. Effeéts of dietary pantolactone, f -alanine, and simultaneous administration-of pantolactone and f -alanine on the weights

of various organs and tissues

Positive control Negative cortrol Pantolactone B-Alanine Pantolactone + f-Alanine
Brain (g) 126 +0.02° 1.16+0.02° 11740.02° .16 +0.01° 1184 0.01°
Lung () 1.42 4 0.05° 0.88+ 0.06" 0.97 £ 0.06° 1.06 +0.08° 0.91+0.05°
Heart () 0.87+0.02° 0.62+0.01° 0.63+0.01° 0,62+ 0.03 0:64 £0.02°
Kiduey (g) 1.8120.02° 158 0.03" 1534 003" 147+ 0.05° 1.47 £ 0.05°
Liver (g) 1033£027° 8.00£0.43° 839+ 0.30° §.75£0.62™° 8.53'+0.40%°
Spleen (g) 0.66+0.01° 0.43+0.02° 0.46 £0.03° 046+ 0.03 0.43£0.03"
Stomach (g) 113+0.03° 0.84+0.04° 0.9 +0.03° 0:87+0.05° 0.87£0.03°
Testis (g) 2:32+0.08° 2.06+0.06" 2.03 £ 0.06° 2.054 0.02° 2.03£0.06°

Values are expressed as mean = SEM for five rats; Values with a different superseript letter means statistically significant difference at p<0.05; as calculated

by Student-Newman-Keuls multiple comparison test.

Table 3.

Effects of dietary pantolactone, [ -alanine, and simultaneous administration of pantolactone and [ -alanine on the

conceéntrations of pantothenic acid in urine, feces, blood, and liver.

Positive control Negative control Pantolactone B-Alanine Pantolactone + f-Alanine
Utine' " (nmol/day) 814+69° 11220 fr+3° 16£2° 10=3°
Feces | - (mmol/day) 152416 4790 63+ 14° 71£13° 97£ 7
Blood ' (nmol/mL) ND ND ND ND ND
Liver - (nmol/g of liver) 512+12° 164+40° 168%17° 2024 19° 204 +24°

Valuies are expressed as mean £ SEM for five rats; Values with a different superscript letter means statistically significant difference at p<0.05, as calculated

by Student-Newman-Keuls multiple comparison test.
ND : not detected.

FEvEESEHAR SR, 2oy T vERMHLTY
LAREESTER IR TWD. ZOWREEICHETAEET
Hoh, AMEERELLBEECHLPE R LI,
i REBRTHNUEI MV ER T I VBN
rEvEBEAEAR S CwALELTY, Ty AT
XAl EThHL TR, KBRTRVES I by
BT ISy b T VBB ENEIEEERINT
WAEDPTH LD, RIS, FEREE T 100% OB R
ThrbThrE, BANOBRPEZRCOT, EHROINY
b7 VERE LR 1000 nmol/ HAZE (MEHENE,LLRIEL
L) bl ThL FAERSHICBUAETOD
78y b EEHE & 134 100 nmol/ H (Table 3), B AR
FEAS 50 nmol/ HIEE (Table 3) Th o7z, SIS ORI,
EMLZSy N2 BT o= b BARINLE
Ny hTyBBEERICOI P THLCE, BIUA
SBEECL/SY R v BrHLBE denovo 5L T

L EREMBECE Loz EERLTVS 85T,
B TOKSBOTEEMEICE LT TH L KBRT
NV RSO MV BT Ty do Y b T VEEOFEAK
ENbI A Choll l, EMBEEOS Y T VBRI
= (Rb~o b7 VEBEIRER /80 b T VBREBGE)
M, I0% Thol b EETAL, BATOII U}
FYBOMAKSRIZEAEEVLOEZEZ 6L
4SO RFUBREZEPEOBEEZI CRHBIICE &
o

Ny RhFvEESRZ LR BRELTEATEV T
WAMD B HY Y I Y ORESED LD ICEFHT L DN
BTz Table 4 RAFOIREEICB LI REEZRL
o B IHRPCHES B CRL T BELY
OFTIVHEEEB LU= aF T 3 FEAGKHEY
Bhilbsh i, B EEMEOBMI L CARELEVERT
L —F Moy ivicbuetis EodBES
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Table 4. Effects of dietary pantolactone, [ -alanine, and simultaneous administration of pantolactone and f -alaninie on the

concentrations of other B-group vitamins in urine.

Positive control. . Negative control Pantolactone B-Alanine Pantolactone:+ B-Alanine
Thiamin (nmol/day) 50.8+7.5° 17.0£4.2° 21.0£3.7b 229+71° 174%1.7°
Riboflavin (nmol/day) 12017 116107 108+10 124 10 103+9
4-PIC (nmol/day) 231+£12° 182+ 8" 175+ 15° 15t+17° 145+ 6°
Nicotinamide and its metabolites (umol/day) 6.72+0.87° 3.89+0.20° 4.00+ 0.25° 324 +049° 417+037
Folic acid (nmol/day) 6.7+0.9 72+0.7 7.0£0.7 7208 8.6+ 0.8
Biotin (nmol/day) 4014049 1.85+0.14° 1.28£0.11° 1.77£0.12° 1.92+023°
Cyanocobalamin (pmol/day) 20.2£35° 126+ 1.0° 127£0.7° 122+1.1° 12+2.0

Values are expressed as mean + SEM for five rats; Values with a different superscript letter means statistically significant difference at p<0.05; as calculated

by Student-Newman-Keuls multiple comparison test.

OFIH LG HECEVERRT I EE AP R
ROHHEEE, BRLAZES I VEICHEAT S, FEE
W& Fig TR L2508, EORBEISBONERE
BrUZooRBECLLCEELE L, ABEMTO
BEBENER, EOMBHLY 100% (382 & T5 ¢,
BOMIBEIL75% (288 ¢) 7Sy T 7 b UBEA77% (293
g BT IS VBN TI% (296 ), VY NTa R R
TS5 DN T16% (296 8) TH ot EEDPHD LI
FTIVEFAT YV EFOEILRBEYOBRIIELH
HENECTHELTY, FELBVEEZRLEL B4 3
YORBIIERNLY L ROFSEENERLLT O, B
HEFSELVEIE, RE~oEEOET BENTO
VEBEORELBERT L HICRPNOHREEORE KT
VEBOERTEEWRT S 23D Ay b7 VEBRZK
Lo T WBOFTIVETAT v rOfiitERsmilL
Sl NPT YBRZEILET T I P4 T Y
VOLEEMETLTWAZ EABEL TV,
ISUNTUYBRZHA VNS b7 U EBHEROER
2, Mt B L CHEHOMBOBIE Y I ViREICB X
EiygEL R U il FEowvI icButd,

FTIVYRISE Y B IR, SOF IR
TR VATV VT AN I VOBERE CITEEY

BEE s 0% sy T VRS Ik
EHEROMBOBEY Y I VEBICEEEFBLELR
LW e BFLTHsNE ST

Ed el

BRMEE S BRI SU R T s L per s
YIBHEARTELEEDLN T WA, SO LIFEET
HAN BNTERLES Y NS UBES Y FIGERT
FIHTCETWR OIS U IS S
BELL 23 M VEERERL CWARBII BT

— 303 —

NPT VBRERIT ABESFEL TV RVADTH
Ao ERIZDVTE, 4%, FEHROERE T CHER
THLEDVBHLD, BRNTERINIZNY MT Y BRE K
ATHHL T REEZbO TR I L FHES R
%

#ow

FERGEIE, TR 19 EHE A S ORI R R SRR
EERER R A SR AR O RSB ENLERET 572
HOLET UV AOWEIHTLMR-UEXRERLLEXEZE
WEONT » AOKRE - [ (FEFEE EHEC) OkEO—F
ThEH, BREMICHEYET S,

(FHL 20.4.16 1)

X #k

DEE (1958) IS AR IS L 2030 b 7 VEBRO AR E L ovTr—
AERMOFE ¥ E 3 15,3943

2) Fry RC, Fox HM, Tao HG (1976) Metabolic response to a patifothen-
ic-acid deficient diet:in humans. J Nutr Sci Vitaminol 22339346

3) Reeves PG (1997) Components of the AIN-93 diets ag improvernents
inthe AIN-76A diet. J Nuti- 127, 838S5-841S

4) Pullman ME, Colowick SP (1954) Preparation of 2- and 6-pyridones
of Nl-methylnicotinamide J Biol Chem 206, 121-127.

5) Shibata K, Kawada T, Iwai K (1988} Simultaneous micro-determina-
tion of nicotinamide and its major métabolites; N'-methyl-2-pyridone-
5-carboxamide and N'-methyl-3-pyridone-4-carboxamide; by high-
performance liquid chromatography. /. Chromatogr-424,23-28

OFRES, Sl Tha e RiEd, SeHR T 004) AHEEY
BYRATx /= WAD M) ST 72057 3 Figift
FERROTERLIE ARG AfRE 45,231-238

7) Ohkawa H, Ohishi N, Yagi K (1983) New metabolites of riboflavin
appear in human urine. J Biol Chen 258,5623-5628



3% (3 B)2009)

8) Gregory JF 3%, Kirk JR (1979) Determination of urinary 4-pyridoxic
acid using high performance liquid chromatography. 4m J Clin Nutr
32, 879-883

9} Watanabe F;Abe K, Katsura H; Takenaka'S; Mazumder ZH, Yamaji R;
Ebara S, Fujita T, Tanimori S, Kirihata M, Nakano Y (1998) Biologi-
cal activity of hydroxo-vitamin Bi2 degradation product formed dur-
ing microwave heating. S Agric Food Chem 46,5177-5180

10) 2R (1987) BEEEZ U b7 T 74 —ICL BRFNA
FhmaFr7 FOBMEERTE Y I Y61, 599:604

28 b U EERTERE O GEE T7 v POREC B LIETEE 137

11) Skeggs HR, Wright LD (1944) The use of Lactobacillus arabinosus in
the microbiological determination of pantothenic acid. J Biol Chem
156, 21-26

12)'Aiso K, Tamura T (1998) Trienzyme treatment for food folate analy-
sis. Optimal pH and incubation time for «-amylase and protease
treatment. J Nutr Sci Vitaminol 44, 361-370

13) Fukui T, Tinuma K, Oizumi J, Izumi Y (1994) Agar plate method us-
ing Lactobacillus plantarum for biotin determination in serum and
urine, J Nutr Sci Vitaminol 40, 491-498

—304—




70 AL Vol 50, No. 2

777

E2 I VB HA0WIEESY Y VB OREEBINYES v D
b Lkt e s 3 vERtRICk KIF R

CER% 205 6 H 4 HEZ8)

l47

BE B BLET EEIH HHRED

Effects of Excess Vitamin Bj or Vitamin Bs on Growth and Urinary Excretion of
Water-soluble Vitamins in. Weaning Rats

Tsutomu FURUWATARTY;, Mako Kuzuvya, Shiori SAtonr and Katsumi SHIBATA

Department of Food Science and Nutrition, School of Human Cultures, The University of
Shiga Prefecture: 2500 Hassaka, Hikone, Shiga 522-8533, Japan; * Corresponding author

To determine the tolerable upper intake levels of vitamin By and vitamin Be in humans, we
investigated the effects of excess thiamin or riboflavin administration on body weight gain, food
intake, tissue weights, and urinary excretion of B-group vitamins in weaning rats. The weaning
rats were freely fed ordinary diet containing 0.0006% thiamin~HCI or the same diet with 0.006%,
0.03%, 0.18% or 1.0% thiamin—HCI for 30:days, or the diet containing 0.0006% riboflavin or the
same diet with 0.196, 0.5 0r 1.0% riboflavin for 22 days. Mild diarrhea was seen only in the rats fed
with:1.0% thiamin—HCl diet. Excess thiamin—HCI or riboflavin did not affect body weight gains,
food intake or tissue weights. The urinary excretions of water-soluble vitamins also did not differ
among the diets. These results clearly showed that feeding a diet containing up to 1.0% thiamin—
HCl or 1.0% riboflavin did not induce apparent adverse effects, and the no-observed-adverse-
effect-levels (NOAELSs) for thiamin-HCl'and riboflavin in rats might be 1.096 in diet; corresponding
t0 900 mg/kg body weight/day.

(Received June 4,:2008)

Key words: 7 7 1 ¥ thiamin; Y £ 7 3 £ v riboflavin; 8 %] excess; F[EE tolerable upper
intake level : UL: {#FEEEIEREE (BEMS) no-observed-adverse-effect-level : NOAEL; &1

BEBEREE (B/NEHE) lowest-observed-adverse-effect-level : LOAEL: S EEREE Di-
etary Reference Intake

& = ZEDCETHA,
EMCBUYEESI VB HH50EEY I VB, OF EY 3 UB ORBEREBICLAEEEL LT, AN B

BEEEJERIEE (hoobserved-adverse-effect:level : PE. FRREEE HXER OBEE 7F 74 o%kY—vang
Mmm,ﬂﬁ%@ﬁﬁfuﬂ HELHRsS VL3 REDEKRERPHEShTWAY F4, F731500
S, REEIEECHERINT, COLOICHRENT  mg/HOBRAHICX DBERLRAAEAPBEXL
mé)ﬁ;@%ﬁﬁ%ﬂ%%%ﬁ%(mmwmmwm- TED?Y, 989 ANDF 7 I VIEEEE 100 mg OE RS
adverse-effect-level : LOAEL. EZ 0B clis/\& & D 11 AR S, 1 ADREERREFRZ SIER SR
HEIARIhcway, BFEIEECEERILT, EHEhTwdy cokoie, EROBEICLIERE D
COESICHEREh cLa) LRI TWIELE WEINTL Y, BORSKICBYEE2 I VB OK
Y, [HRADOASBERIEE (2006 0V ik, £4 ERSHROHEIRS STV,

1V Bid by vB o ERE (tolerable upper level EY I UBilcoWTiE, 49 ADREBEEIC400
intake : UL) 3FEI Ao [HRAOEBEENE mg/HOY RS EyARFLEBINMABRASYE
% (2005 M) W to [LRE] L3, BEREEEL - THEWEREEN Y, [FEAHEE 55 Al 400 mg/H®D
STfEREAGVEAR SN LA TENAERED ERE2ER Uf75Hyéémufﬁﬂf%SﬁHﬁW%éﬁé&
xS VA7 7B VB CBE 2 LIS TR L ZRPED

BRBTAE ARSCL R Toooeos V0 3 BERTICELA TS 24 ffmmm 2
R /AIRHET 2500 FEEIChiz>T10mg/HoY R7seraFHELTH
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BIVERRBAD SN -2 &L HSIRED O, 1BHEH T
LATHE 4oz U o 1TERIE 200 mg/H
OYRTSE VR, RO 2EMIL 100 mg/BAERE LT
SBEEBULADL > EVIHE PH L. LoLERs,
IhooHER, WIhbBEEOHCHEETHY, Al
HsfsEomEiZ L Twiiviy, FREORED T4
ELTCERT A ERTERY,

FIRBERET 2 ICEFELWERE L LRI nE
Thb, Lirl, b FCBEESENZAREHS S HIEE
DREOEY I vAREST 3R, RHEICRAE TS
5, 2T, EEHOERHYAROTE Y L v OREEE
ERBEARNACEAHNE LT, ChETik=aF Y
TR Nv R VERY, AT 10 BEED O KEE
BAYES v hOREEEE Y IV ORABEEIC RIZT
Bironwchid L oaio, AMRTCHE, BV 3B Ll
73 v By O KBHESHES » b OFEHEIE & (A&
e, E¥ Yy B eI VB OKAEREERETE
oot L, S5k, BEREHI VI LEOE
FEMEE R S kAt e 4 Y VO FRTHEIE AL Sl
L0, Sy b RBTAE Y I YB EEY I VBD
NOAEL & LOAEL %iE L 72

EEBAHE

1. EoEB &

ARER BRI AFEYEREB S ORREZT .
FHEEORE I 22°7C gitk, HREE 50% AIRICHRL,
BRBE v 4 7 VI, FRI6EE~A12 6 FERHH, 126~
R 6BEAREE L1

Ll F7I/REREES (Z6 1)

SO Wistar RS » k 20LEHA S LT HRE
thE DAL, 483> 58 ICHIT. 0.0006% DF 7
IVIERIE A SE T B 20% A EA vRARNEEL L, %
FEE1C.0, 0,006, 0.03, 018 1.0% ©F 73 ViEEEIE 2R
mLiEpss 2, 30 HREIEAB L .. SERKHO L H
RBlO 1 HEAEYD . RIBEREBE FcEY, BR
% Oficitd sE T —20C THREL. BRI TE,
Sy b ERWEEER L, BB X O, O W OE g
W, B BEoRMHEITY, REEEELHEL .

12 URISEVKERSER (£82)

BE LERA I, EBRLEFLTH A 00006%
DYRZSEVEERTSH 0% hE4 VyBEHERL
L, XH8£IC0,01,05 10% )£ 75 Z2iRLE
kx5, 22 HEGEB L

20055 Hr
FrIVEBUOURTS eV Ly ES v
v B fRBIEE 46 ) FE Y VEE A-PIC, TAINE
VRO L HPLCHER EDBME L. =3 F v 7 3K
(Nam)!?, N-x F =2 F ¥ 7 3 F (MNA)®, NLx F )b
2-E N B VS5 A NEERYF IR (2Py)T, N-AFI4EY
BV AR RS LR Py I HPLC HicE D BlE L,
Chooaiteid=a7 7 I FREIEME L YU b
7 VRRYY, ERRRO IIAEMIEREREIC L DEE L /.
3. BRERBRTE

TRTCOTF — 7 FFEELISEM TR L e, BEERE
i, I nmlREONTSINETY, BEENRSONL
Bicld, Tukey-Kramer OZ BN T 2 b 2iT-7 &
EE, p<005CHIEL . BB, RECE, #Hitv 7
k. GraphPad Prism (version 5.01; GraphPad. San Diego,
CA, USA) ZHWi

HEBLUER

1. F7IUOKREEREER EB1

1.1 E#EmE SrHERE, KRR
BHONBRZOARBENIC L 2L L BEEELH
AiEE0 1L Le, ARHENEORKTLE 2T K
BEMEOIMESET NS 2T T, AHIFE TR, 38
5 Wistar RS » BT 0.0006~1.0% ©F 7 3 ViEEE
BaimU % 30 BB A . CoFEBHMIcBL
T, fRHENEL LOKERINRICE T 7 I VIEBIEOX
SEIICLAFERED SN >k (Tablel). LaL,
F7 L VIERRE 10% AMEZEINLZd XTD 7 vt
APLh4 D) ichuwT, BEO MRALEEShE CO
THIEEE 10 HHb - D oBE S, THISHEES
Nizboo, WMEHENES L CREENRICEBEENED
Shlm-rcl Enb, JEl - NERE T 25ENTE
ZRIELEEEFEZICL L

1.2 BEBEE

o, oCofEL b, BEREL AR, B, BEoZESIET T
I VBB O REBERIC L AREIRY NG, L
Pl 10% 77 3 AEREESEN Ly Ptk
T, EEPIEERECEEREL, NAYOREPBERSh
to. CORBEERNEOLEME KBRS LR
SNLLEHNSHETh LAY, BEELI GRL ST
LHTEB, b, 018% F7 I VIERIEEHEARTI,
BEoEEED SnEh - 1

Table 1. Effects of excess thiamin-HCI administration on body weight gain and food intake

Control +0.006% +0.03% +0.18% +1.0%
Initial body weight (g) 38.0£09 37.0£1.0 373107 38.1:£0.83 75%1.0
Final body weight (g) 22311356 2161169 208.0£35 230:5+7.3 239489
Body weight gain (g/30d) 186.1£33 179.1£6.0 170.8E4.1 1924+7.5 2019482
Food intake (g/30 d) 408.0£7.2 40832145 401.3*16 4336119 4332x125

Each valtie is expressed as the mean=SEM (n=4),
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Table 2. Effects of excess thiamin-HEC! administration on the thiamin contents in liver, blood, urine and feces

Control +0.006% +0.03% +0.18% +1.0%
Liver (nmol/g)} 34105 484+1.3 504%+1.0 62.6+2.3% 133.2+7.8%
Blood (nmol/mL) 0.82+£0.01 1.30x0.04 1.52+0.05% 2.07+0.05% 6.80+0.31*
Urine (gmol/d) 0.06£0.01 1.33+0.09 1.91+0.15 5.5730.48 56.91+£3.59%
Feces (umol/d) 0.02+0.01 0.27+0.02 3.681+0.26 3974254 123.32£34.47%

Each value is expressed as the mean=SEM (n=4)." ¥<0.05 versus control determined by ANOVA' followed by Tukey-

Kramer multiple comparison test.
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Fig. 1. Effects of excess thiamin-HCIl administration on urinary excretions: of riboflavin (A), 4-PIC (B); nicotinamide
metabolites (Nam met) (C), pantothenic acid (D), folic acid (E) and ascorbic acid (F)

Each value'is expressed as the meantSEM (n=4).
Tukey-Kramer multiple comparison test.

1.3 g mE RBLUERFOFFIVEE
REEWNL 77y vEBEOHELHE LS ICT 21
O, B, Mg, RE8ioFEPOF7 I VEBAAEL
fo. 0.18% 77 I VIEMIEAIEN S v + OB & OFF
BicbBUs77 3 VEERWNBES sy tO2hEh 25
& 18f% 1.0% 77 VIEMIEAEN S v FcldZh
€h 831, 39fECh-/ (Table2). E¥ 3 v B, OFE
BilFRESBi R cd 50, 77 3 VIEBREOENEN
30015, ¥Mie00fEicmmlicctictkl ¢, FF 73
VEEOBMIEL D TH 1

1.0% 7 7 3 VIERIEAEES v FORMF 7 3 v
BIUEEERS v hOMo00 Z2R U 1.0% 773
VIBRIERIMEERN S v ro®Ehy 73 vHIB I
6,000 AR L7, F7 3 viEBIEEREOEINICHEL
T, REBEHREOEIMEEL, EhIEtEoRMLE, -
e b, F7 3 VERIEOERNENS 8 A 1E ERIPER
PETL, B lts A LaRLTOL S,

14 RRPKBAHES = vHElS

Bty I e, IBE, 7 /Bol#icHEL
BETZCEDS, FTIVERBEOASEN MO B

/

7,

*p<0.05 versus control determined by ANOVA followed by

ey I VoI EB T 202k L %BE
O ITHRIKCEEW A YRI5, 48 }‘%"//%, =
aF v7 3 FEZORHEY (MNA, 2-Py, 4Py) D&
& NV hT VB ERoOSEICET T L IEREORE
BHICEsEEBdTvohih -1 Fig 1)

Sy blcdsTlBEY I yTHALD, FRIONEVEE
OHEBICRIE I EGHENLECS, 1.0% FTIVE
BIEIRINEENS » MoBUL T, Rh7 23k vEREE
BEOMEES v ho 16 fBicEiMlLi. Sy FETRIN
EURREKARER B L, AREYOERIcL) 7 RamE Y
RekpRE LY, EREWRHICEEET 5 CYP D&k
B 7220 VBEEICIRKES 2722, LES>T,
1.0% 57 3 VISRIE RIS v M BLTRET A2
b vERIERRESIEM L 2B E LT, BRI KRB
NikF 73 vE kKOS MEEm~ERBL, L1
BElRPcEt SN s EREICd 5200, ANTT A2V
EVBOBHRPEE - affEEsZEL o5, L LAk
5, AEoERIcEBVTCE, 77 1 v ORPERBEY
KB L comstidtTbhbiib st
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15 E&H

1.0% F7 3 YIEBEREER LSy M@ F T I v
ERISENIC L 2 BRZEIRD ONEL - 2T EM S, K
WHEIcB 55 7 3 vIERIED NOAEL %2 1.0% EfHE&
Elf 7y POKEXRLODICHREET AL, FE 200g
DS kb 1.0% 0oF7 3 VIEREFSUCAMY 1 AK
WIS g ERM LA END, Ty MTBAF T I VIER
EO NOAEL i 900 mg/kg (AE/BEEL T

2. URISEVOAREHREES (2852

2.1 REEME, SHERE, WIRMAER

3 B Wistar il 7 v b IC 0.0006~1.0% DY K7
stevaatis5A 22 AMEB L. COHFH
BllickBue, SEHERES LCKEENBIZRYI A7 5
v ORBERNIC X 3FE D SN 57z (Table 3).
T/, BRI VT, BlEA, TEHLECERETR
EoEY SAAGINES

2.2 WHEE=E

o, OE, B, BFREL ML B, BEOEBIKBUR
75 EVORBERICLAEEIRED OB, &
7o, Bl O RBAREICSETERD b o o

2.3 i, Mk, RELUVEROURITEVEE

KT, KEERN LAY K75V OBRELIHG
K3 ae, i, Mk RBIUERD)R7SEVE

BAAELL FRY A7 5 vBEEREHEBEEFREL
AR L7 (Table 4). —4, MY &7 5 ViBER
1.0% VX7 5 € VRIEEIRS v Mok W TCHBEOR
2RBEERL.

01% U&7 35 EvRMEHORPD ) X7 5 € vt
Bl WEEOH 25 EiEmle. LAl S5k R
75y ORMEEEP LI 05, 1.0% RINEFFIcB LT
bRy K7 s e v ERIER LI h o7 01261
#7576 vAERS v b 0EH ) K7 7 HHERNR
BERS » N0 30, 05% Y FE 75 vEER Y
FORA 2800 1.0% VR 7 S B Y REBIR Sy FTRE
4500 fz %R L7z U R 7 7 OERENK 800 £,
#1600 EciEm Lz ik LT, RgbitEoEm
BEL, BhEEMEOEMEEL >/l Ehb, YRT T
EYAKRBICENLTS—ERBLARNTES, B
Koz U R 75 e vhpERAitsh s CEeRrlTO
3o MEBLUORERO )RS EVEBRIRIZI BV
KEEMOEELFIEALSH P Ed, VKT S
vy ORINEEICRERP S 5 CEaRL TV S,

24 FREPIKAMES I =

fHE 22 HEO L HRICEENEF 7Y ¥, 4PIC, =2
FyuTy NREEY, Sy bTUE, TRINEVEEOSE
BRAELE. WThokgke 2 3 vo&RPEHEEIC

Table 3. Effects of éxcess riboflavin administration on body weight gain and food intake

Control +0.1% +0.5% +1.0%
Initial body weight (g) 39.0£1.3 388=x1.1 39113 39106
Final body weight (g) 17143123 173609 168.2:£3:1 1724161
Body weight gain(g/30.d) 1324+24 134.8+1.3 129.1%£2.7 133.3£6.3
Food intake (g/30:d) 2514=x1.1 251,743 253.1+5.1 253.3212.0

Each value is expressed as the meantSEM (n=4).

Table 4. Effects of excess riboflavin administration on thiamin contents in liver, blood, urine and feces

Control +0.1% +0.5% +1.0%
Liver (nmol/g) 94.3:£2.7 885+20 - 962111 91.9£26
Blood (pmol/mLj) 18412 205:£9 345159 398L57*
Urine (#mol/d) 0.12£0.00 0.28:£0.02* 0.27+0.03* 0.30£0.02*
Feces (umol/d) 0.03%+0.00 0.880.24 55.06::5.60 136:66:£28.03*

Each values is expressed as the mean®£SEM (n=4). *»<0.05 versus control determined by ANOVA followed by Tukey—
Kramer multiple comparison test.
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Fig. 2. Effects of excess riboflavin administration’ on - urinary excretions of thiamin (A), 4-PIC (B}, nicotinamide

metabolites (Nam met)(C), and pantothenic acid

Each value is expressed as the mean*SEM (n=4).
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