Effects of Excess Biotin on Growth

“results clearly show that an excess intake of biotin
increased the risk of adverse effects. A further study is
therfore needed to collect enough data to set UL for
biotin.
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Characterization of tryptophan—niacin metabolism in
rats fed with an excessive tryptophan diet

A. Okuno *, T. Fukuwatari, R. Sasaki, K. Shibata
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Abstract. We investigated tryptophan—niacin metabolism in rats when fed with an excessive
tryptophan diet. Male rat of the Wistar strain (3 weeks old) were divided into the four groups of five
rats each, and one of the group was fed with a 20% casein diet added with 0, 0.5, 1, 2, and 5%
tryptophan for 30 days. The last day urine samples (24-h urine) were collected for analyses for the
metabolites of tryptophan such as kynurenic acid (KA), xanthurenic acid (XA), 3-hydroxyanthranilic
acid (3-HA), quinolinic acid (QA), nicotinamide (Nam), N'-methylnicotinamide (MNA), N'-
methyl-4-pyridone-3-carboxamide(4-Py), and N'-methyl-2-pyridone-5-carboxamide (2-Py). The
urinary excretion of KA, XA, and 3-HA were increased according to the intake of tryptophan.
However, the excretion of QA was almost the same in the groups between the groups of 2 and 5%
tryptophan diets. The sum metabolites of Nam+MNA +2-Py+4-Py were almost the same in the 1-
5% tryptophan diets. The value of (2-Py +4-Py)/MNA decreased sharply in the 0.5 and 1% Trp diets.
Therefore the adverse effects of dietary Trp were observed from the diet containing 0.5% Trp, which
was calculated as 0.45 g/kg of rat body weight. © 2007 Published by Elsevier B.V.

Keywords: Quinolinic acid; N'-methylnicotinamide; N'-methyl-2-pyridone-5-carboxamide; Tryptophan; Niacin;
N'-methyl-4-pyridone-3-carboxamide

1. Introduction

Niacin, serotonin and melatonin are very important bioactive compounds, which derive
from an essential amino acid, tryptophan. Niacin is concered with various metabolisms
as a vitamin. Serotonin is involved in relieving pain, hypnosis, and tranquilizes as a
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neurotransmitter. Melatonin is a pineal hormone which works the rhythm of sleep. Based
on these facts, tryptophan is widely found on the market as supplement. The adverse
effects of tryptophan are not well known. We started to research the metabolism change of
tryptophan by an excessive intake of tryptophan.

2. Materials and methods
2.1. Chemicals

Vitamin-free milk casein, sucrose, L-methionine, Gelatinized cornstarch, L-tryptophan
(Trp), nicotinamide (Nam), and quinolinic acid (QA) were purchased from Wako Pure
Chemical Industries (Osaka, Japan). Kynurenic acid (KA), xanthurenic acid (XA), 3-
hydroxyanthranilic acid (3-HA), and N'-methylnicotinamide (MNA) chloride were
purchased from Tokyo Kasei Kogyo (Tokyo, Japan). N'-Methyl-2-pyridone-5-carbox-
amide (2-Py) and N'-methyl-4-pyridone-3-carboxamide (4-Py) were synthesized by the
methods of Pullman and Colowick [1] and Shibata et al. [2], respectively. The mineral
(AIN-93-G-MX) and niacin-free vitamin (AIN-93-VX) mixtures were obtained from
Oriental Yeast Kogyo (Tokyo, Japan). All other chemicals used were the highest purity
available from commercial sources.

2.2. Animal and diet

The care and treatment of the experimental animals conformed to the University of Shiga
Prefecture guidelines for the ethical treatment of laboratory animals. Twenty male rats of
the Wistar strain (3 weeks old obtained from Clea, Japan) were divided into four groups of
five each, and placed in an individual metabolic cage (CT-10 for rats; Clea Japan ). One of
the groups was fed with a 20% casein diet as a control group and others were fed with test
diets which added the 20% casein diet to 0.5, 1, 2, and 5% Trp (Table 1), and allowed free
access to food and water. The animal room was maintained at the temperature of around
20 °C with 60% humidity and a 12 h light/12 h dark cycle (light onset at 6:00 a.m.). Body
weight and food intake were measured daily at around 9:00 a.m., and food and water were

Table 1
Ctrl diet (%) Test diet (Ctrl diet+Trp)

(%)

+0.5% Trp +1.0% Trp +2.0% Trp  +5.0% Trp
Casein 20 20 20 20 20
L-Methionin 0.2 0.2 0.2 0.2 0.2
Gelatinized comstarch 459 454 449 439 40.9
Sucrose 244 244 244 244 244
Com oil 5 5 5 5 S
Mineral mixture (AIN-93-G-MX) 3.5 3.5 35 3.5 3.5
Vitamin mixture (AIN-93-VX niacin free) | 1 1 1 ]
Trp 0 0.5 1 2 5
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Fig. 1. Effect of Trp intake on the urinary excretion of KA (A), XA (B), and 3-HA (C) in rats. A different letter on
the circle means a significant difference at p<0.05, as determined by Tukey—Kramer multiple comparisons test.

renewed daily. The experimental period was for 30 days. Urine samples (10:00 a.m.—

10:00 a.m.; 24-h urine) were collected on the last day. Urine samples were stored at
—20 °C until needed.

2.3. Analyses

The urinary contents of Nam, 2-Py, and 4-Py were simultaneously measured by the
HPLC method of Shibata et al. [2], and those for MNA by the method of Shibata [3].
Urinary concentration of 3-HA was measured by the HPLC method of Shibata and Onodera
[4], while the urinary concentration of KA was measured by the method of Shibata [5]. The
urinary concentration of XA was measured by the method of Shibata and Onodera [6], and
QA was measured by the method of Mawatari et al. [7].

3. Results and discussion
Trp has widely appeared on the market and consequently, there is a risk of taking

excessive amounts of Trp. Hence, it is important to know what is happening when taking
excessive Trp. As the first experiment of the series of studies on the adverse effects of Tip,
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Fig. 2. Effect of Trp intake on the urinary excretory of QA in rat. (A) Sum=Nam+MNA+2-Py+4-Py. (B) A
different letter on the circle means a significant difference at p<0.05, as determined by Tukey—Kramer multiple
comparisons test.
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we investigated the Trp-niacin metabolism in rats when fed an excessive Trp diet. The body
weight gain and food intake of the rats fed with the 5% Trp-added diet was the lowest of all
the groups. The data showed a clear adverse effect in rats fed with the 5% Trp-added diet.
The urinary excretion of such Trp catabolites as KA, XA, and 3-HA were increased
according to the intake of Trp (Fig. 1).

Thus, it might be that the enzyme activities concerning Trp to 3-HA are enough to be
able to metabolize the diet containing up to 5% Trp. However, the excretion of QA was
almost the same in the groups between 2 and 5% Trp diets (Fig. 2A). Thus, it might be that
the metabolism of 3-HA to QA was saturated in the 5% Trp diet. It means the enzyme of a-
amino-3-carboxymuconate-g-semialdehyde decaraboxylase activity increased. The sum
metabolites of Nam+MNA +2-Py+4-Py were almost the same in the 1 and 5% Trp diets,
which showed the metabolism of QA to nicotinic acid mononucleotide was saturated in the
2 and 5% Trp diet. It means quinolinate phosphoribosyl transferase QPRT activity saturated
in 1% Trp diet. (Fig. 2B) The value of (2-Py +4-Py)/MNA decreased sharply in the 0.5 and
1% Trp diets.
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Vitamins (Japan), 82 (2), 115-125 (2008)

Katsumi Shibata, Tsutomu Fukuwatari

In Japan, two basic texts are used for nutritional guidance, Standard Tables of Food Composition in Japan
and Dietary Reference Intakes for Japanese, 2005. The "Food Composition Tables" describe the nutrient
values of foods, and "Dietary Reference Intakes" reports the values that humans can use. Synthetic vitamins
have been often used in experiments to determine vitamin requirements, and the bioavailability of synthetic
vitamins is considered to be 100%. However, the bioavailability of a vitamin from foods may not be 100%
because most vitamins existing in nature are bound to proteins, sugars, or other compounds. Although it is
necessary to determine the bioavailability of vitamins in food consumed, no method has been established.
We introduce a practical method to determine the bioavailability of vitamins in food. In particular, we are
also interested in the effects the dietary intake of minerals and micronutrients exerts on the bioavailability of
vitamins. We believe that the results of these studies will contribute to the maintenance of public health in
Japanese.

Key words: bioavailability, vitamin, food, mineral, urine
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CHIE - RIRFET)
| BRI R T TNADIL S
BRI YVINIENAD ) ——s ( BRYV/IIDR

K2IPH~2, NAD |— | NMN
OLAVS—LICLD
TIFUPI RO

ZIJOFVPEFR |[+—INR

\ 4

ZIFVUPIE

=3

1. =aF 73 FOERER (174) GHAL - WALE C)

NAD = nicotinamide dinucieotide; NMN = nicotinamide mononucleotide; NR = nicotinamide riboside.

“IOF VP ROERNESE (2/4)

(MAED SRS - 8N

me ZAFVUPIR (Nam)

B2 =aF 73 FOEMES (2/4) (MHEH» SHEE~)

Nam = nicotinamide;
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ZIOF VP I ROERANESE (3/4)

(BBREN, ZUTBRIV/INDELES, BEERLT,
ZFLTERBERITRLEBN)

_/

[3. =aF> 7 3 FOKRUG 3/4) BB, Z L CERHLHE, BiEZRAT, 2L THRE 2H 2 TRLEHN)
MNA = N'-methylnicotinamide: 2-Py = N'-methyl-2-pyridone-5-carboxamide; 4-Py = A"'-methyl-4-pyridonc-3-carboxamidc.

-Py
-Py

ZIOF VP ROERNESE (4/4)

FRASNEDS, RPICHER

€ N
PR

| MNA

4-Py

2-Py

\_ /

4. —aFo73 FoOEPES (48) (IR SN0, Rz

2. BRLEEZ2ICBEEDEHICLTRE 3. FATHAZLAEZICBZEDLOK

TEIDD LTRIETZDOD
S OMEI, HEHMICEMETH S, | HIZHING S Y oo REERIE, L BICARCEGkEOE Y I 20
T fEmtED . EoERN Fatairiic g iud I3, FOBIENR ~RI4IRLARBEEGEE-
L, oh, EvIBEBEFRELRITAER L, 1 HIS
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BEXRBHEROVE S I VOEBHBHERHANRL 2D
2, MECRBFOEBRHLEDI DI, HHHEEL
EHFPERLLTAEIES kv, ZOHEELL2ED
4 HHIZLETHB Y.

F1~F4Tid BoBECHRRBEGZBWLA, £
Bz, O, ORI, GOMfaI~ns% O#iEEE
DA, @7 FEEZELOEE. ©FUREHRIEL R,
@ uBEREK, OHREEOTR, QY ¥ I VORI,
ORP~OHM D E AR TEEELRIZTHRF»H 5. %
7o, BRLAESZ IV F0TTORTRPICTCH
EEhabiFTiinv. #2C BRENZEEAFARY
RKODDIZIE, —DODREE S ) AESEAR AR
ERELALV. ZOHGER, ERHOY S I > OEER
HEX100%LT25ZLTHA.

FARCERL B LIZTET & BAMICIHISR RV,
BMIIZIESY IV OMELHET LI L0NEEINTNS,
1o & 2L, thiaminase'®, FEPLFEICSINLHAKLD
R T2 /= ANFTIEBETHIENT, W
EINLEBBITERKEROI Y a2 - (E) S
VT3 UEERIEREYINWRER E ) Sy 3 ISR
ICEBRSDEBE) FHETLZI LN, FArESPD
FERHEOHIL WIREEBEDLIEH?, £IBIZETN
BPES Y EVWI F U BIREAF L L BRIAICES
LTHIZBEETLZ LAV MSRATVWS., HT»5
fRes - MBHNOERXIIEELYSZEFICHT AL
B2 vd, BR~NO N T b7 7y DESED,
MEHFOFaOLy, 72N T I REET I /B
DRIZES>THE?Z2ZTEEVI LI EDS, E
PMLEBROHAAGLRIZLD, COEENFEEENS
bobtEZONS. HEBEFANOEAHRE FOBREN%
DEFIHEYBLIZTRFILGR, 7TrFESFI L L
IhaEy I v EHbehrds F7I 20 L TR
CVFTIVHD, VEIFEARHLTETS 275
EUH® FATI LT I-TEFLEY S,

HHEAFEOBEY Y I & EFHRE 119

6-73I/=ZaFrTIF®, A4y aFrEEFIYF
Mpt HEERIIH LTIk 4TI/ TFYCB A b bOF
- FTEHOENTVE, LELENL, ZheDT »
FEFIEAESTIIRESTh TR WD, HEMHIZ
BEMBEENZEIONDIOAXATHS.

BT, B hd i sliilflis oGO A
EhENFThN b Kamid, HASHLEIZL-T, 3
BETBRMOERBEOLMULEOMEMNTEIYEE, K
FICBOUTOREME 2560855, LicdoT,
Fah, BREIIT-TELEMORRPO—DOES 3
YOEEFBEERDTE O, FMMII M H -
Th, §IEEEFIREIC L, TRIHEIE
W) CEBTRETEGAFBERIE L THERTHILLT
EZ/0N

FIT, | HICHML - EFHPOKEHEEY 3 0%
HAEEY Hs L6 ISR LIHETROZ2ERTER,
ELHOEIREL T ?, RBREGHBORPESY I~
ittt = (RERBHKSHO 1 HRPE S 3 2kl /7 G
BREPOY Y I VER). HERY S I VESORPE Y
I PR = BERY S I Ao THIALA T H
RpEs 2 VR (BHEBY Y I o MHRBREIRSHED |
BRHPCES 3 8RR - SRBRERSHO 1 BRPES 2
YHRE))  GERER Y 4 3 o andi) . AR EE (%)
2, (RBEZKGHORDPY ¥ I Pk HHERE S 3
YEEORPE S I HHER) x 1000 5KDHI. DED,
COHETHRRLZEHBOE Y I OAEFIH# LT,
HHER (ARE) Yy I U REBOAEKAFEL 100% &
LB L BETH 5.

4, RENOHFHBRED L SIZHRE I T

X%

EH5OOWEMOME TRV, €5 3 v OHRAL
Bzl hve i, FRIGRAHEEBMNICEZLW
T, RbEAOFEl 2 HBHIZIZ T3, —F. KXl

Day 1 Day2 Day 3 Day 4 Day § Day 6 Day 7
1st week { Dlett i Diat2 I Diet 1 I T' Dia2 Iif.ﬁ.. vm I Free diet VM I Frec diet + VM i
Ind Urh:m.le c‘,I‘“ﬂ‘mln Urtne
Day 8 Day9 Day 10 Day 11 Day 12
| Diet 1 + VM | Dict2 + VM | Diet 1 +VM | Dict 2 + VM I | l

2nd week | | |

LU&M collection i

2nd Urine

15t Urine

5 EEOHRETS I ARAFHEEROBEY Y I O£ EFBEOERIE RS
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Mt 825 L9 2B EREDOEEE, HHRI6E
BRIz o0 T, FEMICRPCHEREITo TV 3,
ZLT, LEGIOHENBAIEOMOBREDRL, &
WIRR LU R S WEANIIZAoWTE LY, A58

(v 3:r82%

BEICL o TRPILODNTTWAFTTHAEELTY
L BRAMICHCLEHTIDLE) I D, FEELIRET
LEAMBEY RO 56T, BRI HHER L OBES
ERFAOCBEFRIIHZHEEHNTIT b LT IR 6 v,

0
]
>
IR
1

BRRESROERT | [EMurs S IRRARSHO
=P 1BRPCII VB R
34 g
BB S VBNICK ST
BAUE1BRPEII VR

BRULZEER © 0.5=0.8-03

03 :[mm HRBERSEOIBRD
T eI UBE
g +§ StEH
K (0.3/1)
-]
AN hd
o 1l X 100 =60
5o (0.5/1)

& 6.

EELFRETSH I HAHBAROBEY Y I L OEFFHRORD

35
o T
R | =R | o
£ |ER| 5" | momc
> 2452 | B I =
S gg o || mAc_ [f|BRFE
g O || ewum || BT D
3 M IRIREENDIRSR &
S R BEMREDDIRFICK D,
P | BIEMMEA U TBRBAJ
e & HEHROMEA LS
£ D {
5 B =] | BRERC L IRREEO/EY
13

I

| I i

4 5 6 7

Intake of vitamin

®7. €% 3 roRe~OHk A~ OHE GE)
e L HBMOBAIIZ & 12, MR LBIETH 5.
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5 1 BREBRDELZ I CDEKRFIBRBIED
BE,
CCTRELLEIGHEEZREL TV LRNERE
LAER BULLHTEZRELLCRIST—HOLBRE
ah. BLIBATA RE\LT AV IRPOE S

BEHROBHEVY Y I L O4AFIER

121

IUB ANV M T UEBOEGRIBEY EVIRATHS.

BONDERFEOEMER 2R LA, HIM1 LM
JEHRES I 2RSS LAET, ZoBicRbicH
MENACFI VB REENSV T VERY 100%DEE
FIEELEZLODTHS. ZL T, M2 TR, K%
B 7 A0 AR (EK3) 25 /BT 24 BER R P2 Pkt &

F2 REHLTANVHIEPOEY I 2 B 80 V7 U BEOEBHERE RO HEDERH EOIERE
-i]i | i 2 #A 3
FEERRALEH 1 ~ 35 EEHEA 36 ~ 70 HERBHIEHE 71 ~ 91

FAHE

(€% 3 7 i38l&a» B H8t4)
Y% 3 B DIEHE © 1.1mg/ H
Ny bMF UBEOEEUR  82mg/ H

REBLETAVIE
(€% 2 VidBAPH 6 445)

E¥ 32 B DGR : 23mg/ B
Y bF UEEOBIE C 11.5mg/ B

EERE

(€% 3 ZiZEm&md S HEHe)

¥ 3 B DIBAUR  2.7mg/ H
2RV b T BROBEEE © 8.2mg/ B

W 6 HOPM(21 ~358%) . A (65 ~ T2kg).

EMRYIZ 24 BEIR 2 4D, ¥ ¥ 32 Bs &/%0 b7 v Bhl R 2 5E.
FIESCHEK ¢ Tarr JB, Tamura T, and Stockstad LR (1981) Am.J Clin Nutr 34, 1328-1337.

£3. ERIIAVWORABMLR T AYSE

Canned food Weight (g) Company

Beef puree 340 G;}ber Products Co.,
Tuna 13 Star-Kist
Chicken 42 Swanson, Campbell Soup Co.,
Spinach 42 Co-op, Berkeley
Potatoes 170 Del Monte
Lima beans 4 Libby's

Peas 13 One Star

String beans 17 Libby's

Tomato juice 68 Libby's
Peaches 85 F&P
Pineapple 85 Del Monte
Carrots 43 Monarch
Frozen concentrated orange juice 20 River Valley
Other foods Weight (g) Company
Whole milk 406 Berkeley Farms
White bread 140 Kilpatrick's
Shredded wheat 30 Nabisco
Margarine 30 Co-op, Berkeley
Cottonseed oil 13 Gold-n-Sweet
Sucrose 42 CandH

body weight.

Each subject received supplementary sucrose and corn oil (ratio of 3.5 to 1 by weight) in sufficient amounts to maintain constant

5| B 3CHR : Tarr JB, Tamura T, and Stockstad LR (1981) Availability of vitamin Bs and pantothenate in an average American diet in man. Am J Clin Nutr

34, 1328-1337.
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NBESIUVBRERENNVITFVEBEXHEL, TOMHH
CH s iR S L, B L3 THLORIE
AL LTHETAZEICE), SRTHEASAE
ks, o), BREEEL RPOMES,S, FHHICL -
TELREFBEESNESY I ETES. ZOFHICE-
THONHABEERERNEORE»S, £AFAE
FROTWE, REARTAVHIRIETRIEY I
Be £/N M U EBOAEBHHAELRIERSIIRL
¥ 3B 2 80%IERE, /N T UEEIZSOBEE LW
IMEEESEIHEL TS, oYy I VBT IHE
EAHI6 R,

Frd, BFEEPEERRLTCV2EEHIOE S 3
COEKFBAREAEL TS, 75 BRERBXEL
THREL TV LWOT, XEELTHETE 2V, F
BIVTEEDY VR ABEHEY I Y EEHEEMEI A
FNV]TC, B\ALLEBYTHS.

(3%

6. E2ICNEK%FBARICEBESLIEITR
BRB(IXITIMERZ)

6-1. SBEMIZINEBEEIICOEGHAE
& DR

EBERIZATNECIDY PRI TLATEERLLD,
KELHERTRIIASINVILTITESTH B, L&z
BLREVIHIEREVTHDLLDITEBEEI LB
EBEOIT. REBETVI[IATINIER [REREL
THEAERICYLELBEYOR]THS. ARETIL [E
BEIEV), EBYE AERYICHTIEET. ERY
DR T, EEORE - #HBCARTR 2 EEY 2 [EHH]
v,

EZABT, IAINME BEYY I VOEEFBEEL
BLTKRKOBEBICEboTWwS. OHEEEYY I VDH
- BUUCEbLIAS VEARE QBEHRYSY I~

F4 KEHLTAVHIERIIETNAEY IV B DEGHEAR(RPADE S I B IR ZIGIEICL2H5HE)

R*E&syaduyﬂ

FASAZEAITE
- - AL kR
HEBREES IR AR 2 #AR 3 0)2(57 3 /)Bsﬁ' %)
(GEINGE : 1img/H) (BN : 23mgH) (GERE : 2.7mg/H) mg/H
1 39 79 134 1.77 77
2 40 87 152 1.72 75
3 53 81 109 1.82 79
4 45 73 106 1.80 78
5 51 101 124 2.11 92
6 61 - 105 155 1.69 73
SFEIE 48 87 130 1.82 79

3IHISCHK © Tarr JB, Tamura T, and Stockstad LR (1981) Availability of vitamin Bs and pantothenate in an average American diet in man. Am J Clin Nutr

34, 1328-1337.

5 REWLTAVIRPILEINENY VF Y BOEAFIAR (RPAD/Y b7 AEHHER L BEBICLAES)

RSy b7 8 (mgH) - B
_ ﬂménéﬁﬁwi e P
HEBEES 1R 1 IR 2 R 3 DVAVZ ol 5 § %)
(8RR ; 8.2mg/H) (B : 11.5mg/H) (B © 8.2mg/H) (mg/H)
1 5.4 2.6 35 5.14 44
2 3.6 2.4 3.1 6.22 54
3 5.6 35 43 6.15 54
4 3.6 1.7 2.5 4.65 40
5 4.4 34 3.9 6.97 61
6 27 ; 1.7 2.4 ©5.66 49
il 42 2.6 33 5.79 50

8| FISCHk © Tarr JB, Tamura T, and Stockstad LR (1981) Availability of vitamin Be and pantothenate in an average American diet in man. Am J Clin Nutr

34, 1328-1337.
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POBEEROSRICHbLLIASNEERE QY

IVORBCHDLZIATNEREE QY v
BRELTLI2EBTHLLIRASIVEHEE. Tbd. 4
B, BREBEETHE MIIRBERIVEVLOT, h
PoBREZ LI, BEREBIIBVWTOAARALILIERT
Hb.

HEBEY IO - BRI DEIASVEEE
FLELT, TI/RTFF—HE(Zn, Co), HNVFEFI~
TFY—¥(Zn), a-73ITF—H(Ca), y-FAMF¥ Ik
Fas—¥ (GBI : avTal—¥) (Zn) 2 &dmont
W5, HiSMRZEBBEEIIBVCE BARICEINRTWVWS
RY)ITINE I VEBHOEBOHILSETTLZ L hTHE
SNB. LoL, E/7VY I VBBRBILENILE
BRVOT, EHRZBETEE/ Iy I VEROR
SPEMTHS. 28, BEHRRZBE T EBORINE
DEAFBARNEDL I IZ R o TV E2IIET 2 %I
BB,

BRERME S I U OHBENOARICELABET
FINELBET IR TAIERIHLY, —aF
YT I FH O NADP ~NOESHRFRIZBW T Mg ¥ LEE

BHEARLOBEY Y I v OEGHESR 123

THEEENDL. —aF T IFRAKRYRINIS
A72F7—=¥, NMN7F=UIVES VAT 25—,
NAD" V> % —¥, NAD' ¥ +—¥Tdh5. E6IZRL
I, IRATINRES Y FTHE, PYTFTF RS
DFATL I NOBEENET L.

=3F Y73 FhH MNA 2T 2-Py & 4-Py ~DR(L
RERICBNT, 2-Py EFLMNA %2 ¥ —¥ (Mo, Fe)
L 4Py MNA + ¥ & — ¥ (Mo, Fe) 753 2 5 VB¢
ETHhHs. IXTINRETR, HTIRLAELIII, &
NOMBEREENIETL, REEWTH 5 2Py & 4Py
DEREFBET L, Z0OfE, (2-Py + 4-Py) MNA 2SETF
L7

ESIVEMBRLETEIASVEERELLT, 7
va—-pvFekayr—¥(+47v >, Zn), FOH
ZNVCAANEXRLT—HE U TV, K), L%
FAIRNFXLF—EB(JETSEY, Se), ELE
BANVEXLF—E(EXF 2, Mn), ¥4 F BB
FMWETSEY, Mo) Db, I35 VELHER
DNAD BEIZB XX TEEE R, B8ILRLAL

SO BRERD SR,

K6 IATMRENMNIT P T 7= F AT v RBUEBLIZTHEE (59 1)

x B EE IFTNVRER

RPAD= 3527 I FRUB(CRHEWROLHM (amol/g food)

638 + 58 304 £ 27*

=3F 7 I FRUBLABEYROBEH = Nam + MNA + 2-Py + 4-Py.

*HEELORBICBVT, p<0.05 THEEEIED SN (Student t ) |
GIFDCH : SEHRT, FHARLHK1993) 3 AIMREN MY 7P T 7 —naFs 73 FRBHIRIZTHE. 4 3> 67429434

KT IZRTVREN=aF V73 FORMRBCBLIZTEEB (S Y M)

*HHBEE IFATNRTHE
2-Py EBLMNA # ¥ 3 ¥ —¥ (nmol/vg FFiE) 715 = 54 307 = 23%
4-Py L MNA # ¥ 2 ' — ¥ (nmolvg i) 1683 = 199 628 = 71*
R D (2-Py+4-Py) MNA 9.6 £ 0.7 43 % 0.5%

* B, AHBBEDREIZEWNT, p<0.05 THEZHED 57 (Student ¢ 1R5E) .
SIMSCHR - SRERCT. AFARLK (1993) IAFARENM) T L7720 -20F07 3 FRENCRIZTHE. £9 3> 67,429434

K8 IFTMRENBHDFATLERIIBLIZTEE (S 1)

xR EE IXRTINREH
R DRF 147>~ (nmol/g) 2070 = 60 2210 £ 80
£+ NAD (amol/mL) 81.2 = 2.1 785 £ 0.9

ﬂmiﬁ:%m%ﬁ.#ﬁ*%&ﬂwnsiiwkz#¥u7b77y—::+y?sFﬁ%u&&f%@.EysymAwAM
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7. EbWIC

SET, BHESEELLAEHKSHLEYY I BHAEER
KDY YRIYAT, IFFNVOFENEY LiFont-
DiZ, BLHDTDOILTHD. HEFERETHDLIAS
WEES IV RBRTHEICKBL TRESRELTY
5. I, BEXEFOEDLEBIUL, REREOERIC
HEETHD. LIHLehs, BHL, BIshTd, #
FEXRETEIZEEEFFAICHLATH, £ L T
TRIETHIHMBANBEEIIBHTEIILENLETH S,
SOOI BEBERALLAOLIE, ELIZE2zRL L (R
LR - F5HE) QVLETHL. ThoBRFEO—ED
HRBLBEARBZEOEAFAIE V. BHREIZBL
T, BRADBEREZRENTFTH-oTH, $HEH
TR2VDIX, COFAFREIMETLTVWS I &H—>
DRATHA ). WBEFBEOHLEATOHRE (k-
W) 12, RINAEOEAFIRICET2E L 0, e
S5NTVD. BETIE, IASAVOKRFEBICET S
EAFFLANNTHEBTELLIIZhoTEL. 512,
L2 SRR BEL T, KRR VEREFORL 2/ 4
DIFINEEEREERL, BIRKREEILEY, 20
RO ENFRICETAS E L LT, BT V3
HEnBMbEWLIY, #erLEbs ey LT,
CATOFHEEOLIELTEEE hoTE. T 1S
FEOERBA RERAEOKRTIR, MBEEZOFIIL,
I A A R BHEE (2005 E/R) THRES N HUE
Wl evwb bbb ot HMEREEHHAIOHAL
VETHS 9.

WAL DB KBRS BN TED L D 2 A THEE
YRELTVIODH, FFLALVCHEEITTHS »
Kahud, BERREE - SREEEMOMEIEEORY
WXD%MN, ZOBREISHFLVEREENSRW S,
TOREEELFAHLT, B2 AOEEEFEEREE
HMBZENTELLDEERS.

(ER% 19.6.20 &%)
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1) Yu BH, Kies C (1993) Niacin, thiamin, and Pantothenic acid
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2) Reynold RD (1988) Bioavailability of vitamin Bs from plant foods.
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We estimated the nutritional availability of selenium
(Se) in Se-enriched Kaiware radish sprouts (SeRS) by
the tissue Se deposition and glutathione peroxidase
(GPX) activity of rats administered the sprouts, and
examined the effect of SeRS on the formation of
aberrant crypt foci (ACF) in the colon of mice ad-
ministered 1,2-dimethylhydrazine (DMH) to evaluate
anti-tumor activity. Male weanling Wistar rats were
divided into seven groups and fed a Se-deficient basal
diet or the basal diet supplemented with 0.05, 0.10, or
0.15ug/g of Se as sodium selenite or SeRS for 28d.
Supplementation with Se dose-dependently increased
serum and liver Se concentrations and GPX activities,
and the selenite-supplemented groups showed a higher
increase than the SeRS-supplemented groups. The

nutritional availability of Se in SeRS was estimated to

be 33 or 64% by slope ratio analysis. Male 4-week-old
A/J mice were divided into seven groups and fed a low
Se basal diet or the basal diet supplemented with
seleriite, SeRS, or selenite + non-Se-enriched radish
sprouts (NonSeRS) at a level of 0.1 or 2.0 ug Se/g for
9 weeks. After 1 week of feeding, all mice were given six
subcutaneous injections of DMH (20 mg/kg) at 1-week
intervals. The average number of ACF formed in the
colon of mice fed the basal diet was 4.3. At a sup-
plementation level of 0.1 g Se/g, only SeRS signifi-
cantly inhibited ACF formation. At a supplementation
level of 2.0 ug Se/g, both selenite and SeRS significantly
inhibited ACF formation. The addition of NonSeRS to
the selenite-supplemented diets tended to inhibit ACF
formation, but this was not statistically significant.
These results indicate that SeRS shows lower nutritional
availability but higher anti-tumor activity than selenite.

Key words: selenium; selenium-enriched sprouts; nutri-
tional availability; cancer prevention; aber-
rant crypt foci

Selenium (Se) is an essential trace element in human
and animal nutrition, and it plays several important roles
in the form of selenoproteins, including the families of
glutathione peroxidases (GPXs), deiodinases and thio-
redoxine reductases.” The average Se intake in the
Japanese population is about 100 pg/d/capita.”® This
estimated value is obviously higher than the Recom-
mended Dietary Allowance (RDA) of Se for adults,
but since foods with high Se content are limited to
particular food groups such as fish, eggs, meats, and US
hard wheat,* a severely unbalanced diet may cause low
Se status. It has been pointed out that vegetarians and
vegans are most at risk from low Se intakes.” World-
wide, there are some low Se areas, such as New Zealand
and Finland.®’ To prevent low Se status, the preparation
of various types of high Se food is useful to increase
daily Se intake.”

The utilization of dietary minerals including Se is
the net result of several physiological and metabolic
processes that convert a portion of ingested minerals to
certain metabolically critical forms that are necessary
for normal physiological function. As for mineral
nutrition, it is necessary to show the extent of biological
utilization of dietary minerals in their critical or func-
tional forms quantitatively. The quantitative description
of biological utilization of dietary minerals has come to
be called their bioavailability.s) More strictly, the term
bioavailability must be replaced by nutritional avail-
ability, since there exists the impression that bioavail-
ability includes not only nutritional but also pharmaco-

* To whom correspondence should be addressed. Fax: +81-6-6388-8609; E-mail: hanmyoud @ipcku.kansai-u.ac.jp

Abbreviations: Se, selenium; SeRS, selenium-enriched Kaiware radish sprouts: NonSeRS, non selenium-enriched Kaiware radish sprouts; GPX,
glutathione peroxidase; ACF, aberrant crypt foci; MeSec. Se-methylselenocysteine: ITC, isothiocyanate: DMH, 1,2-dimethylhydrazine; RDA,
Recommended Dietary Allowance; HPLC, high performance liquid chromatography; ICPMS, inductively coupled plasma mass spectrometry:
LOAEL, lowest observed adverse effect level; UL, tolerable upper intake level
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logical activities. The nutritional availability of dietary
Se varies with the chemical species of Se in foods.®
Since the compositions of Se species in Se-enriched
foods are diverse,” their nutritional availability is
thought to vary with the kind of foods. Accordingly,
Se-enriched foods should be evaluated for its nutritional
availability.

Besides nutritional roles, Se is thought to be
associated with cancer prevention, judging by the
results of epidemiological studies.'®!" In particular, a
recent finding, that overall cancer morbidity and
mortality were nearly 50% lower with daily supple-
mentation with Se at a level of 200ug/d, is of great
interest.'” The anti-tumor activity of Se has also been
confirmed in numerous animal experiments,'” and a
monomethylated Se metabolite is critical in Se chemo-
prevention.'® The metabolic conversion rate of mono-
methylated selenoamino acids such as Se-methylsele-
nocysteine (MeSec) and y-glutamyl-Se-methylsele-
nocysteine to the monomethylated Se metabolite is
probably higher than that of selenite, selenate, or sel-
enocystine. These monomethylated selenoamino acids
have been identified in several Se-enriched vegeta-
bles.>!>1” The anti-tumor activities of these Se-
enriched vegetables have also been evaluated, and have
been found to be higher than that of selenite.'®'?
Hence, the applicability of Se-enriched vegetables to
cancer prevention is to be expected.

In previous studies, we prepared Se-enriched sprouts
of various plant species including Kaiware radish and
identified the main chemical species of Se in these Se-
enriched sprouts as MeSec.2” In the present study, we
estimated the nutritional availability of Se in Se-
enriched Kaiware radish sprouts (SeRS) by tissue Se
deposition and GPX activity, and also evaluated anti-
tumor activity of SeRS.

In animal experiments to examine the anti-tumor
activity of natural products, various chemical carcino-
gens have been used to induce tumors in liver, colon,
and mammary gland. Among these chemicals, 1,2-
dimethylhydrazine (DMH) has often been used to induce
colon cancer.?!) Since DMH injected is excreted in the
bile after conversion to an active metabolite in various
organs, the colon is most exposed to the active car-
cinogenic metabolite.”” Consequently, the active me-
tabolite causes alkylation of DNA mainly in the colon,
and induces colon cancer specifically.

On the other hand, it has been proposed that aberrant
crypt foci (ACF) are preneoplastic lesions and that those
with a crypt multiplicity of more than 4 continue
growing to tumors.® Since the experimental period for
formation of ACF is short and the identification of ACF
formed is done readily, ACF has been used as an index
of precancerous lesions in the colon.?® Hence we
therefore scored the number of ACF with a crypt
multiplicity of more than 4 as an index for the risk of
colon cancer in the present study.

Table 1. Composition of Basal Se-Deficient Diet Used in Experi-
ment |

Ingredients Yo
Torula yeast* 352
Sucrose 51.8
Soybean oil 8.0
AIN93G salt mixturc® 35
AIN93G vitamin mixture 1.0
Choline bitartrate 0.2
pL-Methionine 0.3

*KR yeast® kindly supplied by Kohjin (Tokyo). Crude protein content was
51.2%.
PExcept for sodium selenate.

Materials and Methods

Preparation of SeRS. Seeds of Kaiware radish (a type
of Japanese white radish (daikon), the sprouts of which
are eaten (scientific name, Raphanus sativus)) were
purchased from a local retail shop in Osaka, Japan. SeRS
were prepared by hydroponics using 10ug Se/ml of
sodium selenite solution, as described previously.*®
Non-Se-enriched radish sprouts (NonSeRS) were also
prepared using deionized water. SeRS and NonSeRS
were freeze-dried and milled. The Se contents of the
SeRS and NonSeRS were 110 and 0.03 pug/g dry weight
respectively.

Animal feeding. The experimental protocol was
reviewed and approved by the Animal Ethics Committee
of Kansai Medical University and followed the “Guide
for the Care and Use of Experimental Animals” of the
Prime Minister’s Office of Japan. Experimental animals
were fed in a room under a controlled 12 h light (8:00 to
20:00) and dark cycle at a temperature of 22 to 24°C
respectively and a humidity of 60%. The animals were
given experimental diets and deionized water ad libitum
during the entire experimental period.

In experiment 1, 42 male weanling Wistar rats’ were
divided into seven groups and fed a Torula yeast-based
Se-deficient basal diet or the basal diet supplemented
with 0.05, 0.10, or 0.15 ug/g of Se as sodium selenite or
dried powder of the SeRS for 28 d. The composition of
the basal Se-deficient diet is shown in Table 1. Analysis
showed the basal Se-deficient diet to contain less than
0.01ug Se/g. After feeding for 28d, the rats were
anesthetized with diethyl ether, blood was collected
from the aorta abdominalis, and the liver was excised,
washed, blotted, and weighed.

In experiment 2, 84 male 4-week-old A/J mice were
divided into seven groups and fed a casein-based low Se
basal diet or the basal diet supplemented with selenite,
dried powder of the SeRS, or selenite + dried powder of
NonSeRS at a level of 0.1 or 2.0 Mg, Se/g for 9 weeks.
The supplementary level of NonSeRS was equal to that
of SeRS; when the supplementary Se levels were 0.1 or
2.0ug/g, supplementary amounts of both sprouts were
0.91 or 18.2 mg/g respectively. The composition of the
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Table 2. Composition of Basal Low Se Diet Used in Experiment 2

Ingredients %
Casein 20.0
a-Com starch 13.2
B-Com starch 39.75
Sucrose 10.0
Corn oil 1.0
AIN93G salt mixture® 3.5
AIN93G vitamin mixture 1.0
Choline bitartrate 0.25
Cellulose 50
L-Cystine 0.3

*Except for sodium selenate.

basal low Se diet is shown in Table 2. Since @-linolenic
acid inhibits the development of mammary gland and
colon cancer induced by DMH,> we used corn oil,
which contains a lower level of this polyunsaturated
fatty acid than soybean oil. Analysis showed the low Se
basal diet to contain 0.035pug Se/g. After 1 week of
feeding, all mice were given six subcutaneous injections
at I-week intervals of saline containing DMH (20 mg/kg
body weight). After feeding for 9 weeks, the mice were
anesthetized with diethyl ether, blood was collected by
heart puncture, the liver was removed, washed with
saline, blotted, and weighed, and the colon was
removed, opened longitudinally, washed with saline,
and fixed flat between paper towels in a Formalin
Neutral Buffer Solution (containing 4% formaldehyde,
pH 7.4; Wako Pure Chemical Industries, Osaka, Japan).

Assays. The blood was kept at room temperature and
serum was obtained. The liver was homogenized with 9
volumes of saline in a Teflon-glass homogenizer.

GPX activities in the serum and liver homogenate
were assayed by a modification of the method of Paglia
and Valentine,® with rert-butyl hydroperoxide as the
peroxide substrate.”” The standard assay medium con-
tained 0.13 mM NADPH, 2 mm GSH, 0.27 mM tert-butyl
hydroperoxide, 1 mM NaNs, 0.1 mm EDTA, 0.4 unit of
GSH reductase, 20ui of the serum and the liver homo-
genate, and 50 mM of sodium phosphate buffer (pH 7.0,
37°C), in a final volume of 3.0ml. The reaction was
started by adding the hydroperoxide to the assay
medium, previously equilibrated at 37 °C. Units of en-
zyme activity were defined as pmol NADPH oxidized
per min.

Se in the sprouts and diets was analyzed by high
performance liquid chromatography (HPLC) with a
fluorometric detector.”® Up to 1 g of the diets or sprouts
was carefully digested with 10ml of nitric acid for 30
min. After that, the mixture was further digested with
Sml of perchloric acid until the appearance of white
fumes of perchloric acid. The volume of the digest was
made up to 10 ml with water, and the diluted digest was
heated with | ml of 10% HCI in a boiling water bath for
30 min. The pH of the mixture was then adjusted to 1.0

to 1.5 with 7 M of ammonium solution, and 1 ml of 0.1%
2,3-diaminonaphthalene dissolved in 0.1mM HClI was
added. The volume of the mixture was made up to 30 m!
with 0.1 M of HCI, and the mixture was incubated at
50°C for 30 min. Then the 4,5-benzopiazselenol formed
was extracted with 10 ml of cyclohexane and quantified
by HPLC. The conditions of HPLC was as follows:
column, TSKgel Silica-60 (250 x 4.6 mm i.d., Tosoh,
Tokyo); mobile phase, cyclohexane/2-propanol (w/w =
99/1); flow rate, 1.0 ml/min; detection, a fluorescence
detector (excitation 378 nm, emission 520 nm).

Se in the serum and liver homogenate was determined
by inductively coupled plasma mass spectrometry
(ICPMS).? In the case of serum, 200l of the sample
was heated with 0.5 ml of nitric acid in a boiling water
bath until the disappearance of insoluble components.
The volume of the digest was made up to 5.0ml with
water. In the case of liver, up to 10 ml of the homogenate
was heated with 5ml of nitric acid in a boiling water
bath until the disappearance of insoluble components.
The volume of the digest was made up to 25ml with
water. To determine Se, these diluted digests were
directly nebulized to ICPMS and the ion intensity of
82Se was monitored.

Protein was measured by the method of Lowry et
al.,’® with bovine serum albumin as a standard. In
experiment 1, serum biochemical tests, including total
protein, albumin, alanine aminotransferase, aspartate
aminotransferase, total lipid, total cholesterol, urea
nitrogen, and creatinine, were also performed by a
commercial service (Japan Medical Laboratory, Osaka,
Japan).

Analysis of ACF in colon of mice in experiment 2. The
fixed colon of mice was stained with 0.02% methylene
blue for 3 min and then washed with saline. An operator
who was unaware of the dietary treatment scored the
number of ACF in the stained colon under a dissecting
microscope. In the present study, we scored the number
of ACF with a crypt multiplicity of more than 4 as
described above.

Assessment of nutritional availability of Se. In experi-
ment 1, the nutritional availability of Se from SeRS was
assessed using sodium selenite as reference Se. The
deposition of Se and the increase in GPX activity in the
liver and serum were used as responses to increasing
amounts of dietary Se. Since the responses (R) to in-
creasing amounts of dietary Se (X) were assumed to
be described by the general equation R = mX + k, the
relative nutritional availability of Se from SeRS was

" estimated by the slope-ratio technique, which compares

the slope of dose-response plots to the slope observed
for selenite Se. Nutritional availability was defined as
{(slope of SeRS)/(slope of selenite) x 100}.9

Statistics. Experimental data were assessed by one-
way analysis of variance. When the F value was
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