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third and fourth week. respectively.
Vitamin C

The urinary excretion of ascorbic acid and 2,3-dike-
togluconic acid in the first week was 0.29=0.08 mmol/
d to 115 mg/d (0.65 mmol/d) of ascorbic acid intake,
and the level increased linearly until the fourth week
taking 715 mg/d (4.06 mmol/d) (Fig. 1H). The correla-
tion between urinary ascorbic acid and 2,3-diketoglu-
conic acid and oral ascorbic acid was significantly high
(y=1.26x—0.73, r=0.952; p<0.0001). The urinary
recovery of ascorbic acid and 2,3-diketogluconic acid
was 45.2+12.6, 57.329.6, 83.6+20.4 and 111.2%
23.5% in the first, second, third and fourth week,
respectively.

DISCUSSION

To investigate the relationship between oral dose and
urinary excretion of water-soluble vitamins and their
metabolites, voung Japanese women were administered
a diet with or without varying amounts of the vitamins
for 1 wk. Amount of the nutrients including water-solu-
ble vitamins in the diets were close to RDA in DRIs (5.
6) and previous dietary assessment in free-living Japa-
nese young women (25), The concentrations of all eight
water-soluble vitamins and their metabolites in 24-h
urine samples increased linearly in a dose-dependent
manner, and strongly correlated with their intakes.
These findings show that water-soluble vitamins and
their metabolite levels in 24-h urine reflect the vitamin
intakes under strictly controlled conditions, and suggest
that vitamin intakes can be estimated from 24-h uri-
nary vitamins and their metabolite contents.

In the present study, the correlations between uri-
nary levels and their intakes for vitamin Bz and folic
acid were lower than those for other vitamins tested.
The urinary riboflavin level linearly increased in a dose-
dependent manner at 0.87 to 3.82mg (2.3 to
10.1 pmol) vitamin B; intake, and then the level dra-
matically increased when the subjects took 6.61mg
(17.6 pmol) vitamin B, The urinary folic acid contents
also showed a similar pattern to riboflavin: the contents
linearly increased at 0.256 to 0.786mg (0.58 to
1,78 pmol) folate intakes, and then dramatically
increased at 1.60 mg (3.62 pmol) intake, The urinary
vitamin levels may be affected by several factors such as
absorption in the digestive tract, storage in the tissue,
energy expenditure, tissue turnover and reabsorption in
the kidney. However, no report has disclosed whether
these factors change the urinary excretions of vitamins
when humans take vitamins at the range used in the
present study. [nvestigation of relationships for oral dose
to urinary, blood and stored vitamin levels may explain
what the dramalic increases in urinary rivoflabin and
folic acid mean.

We previously reported the levels of water-soluble
vitamins and their metabolites in 24-h urine samples
from young Japanese women consuming a semi-puri-
fied diet with a vitamin mixture for 7 d (26). The levels
were 0.665+0.114 gmol thiamin/d to 0.71 mg/d
(2.7 pmol/d) thiamin intake; 0.580=0.145 pmol ribo-
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flavin/d to 1.0mg/d (2.7 pmol/d) riboflavin intake:
83+19 gmol nicotinamide metabolites/d to 12.8 mg/d
(105 pmol/d) nicotinamide equivalent intake: 16.9+
1.3 umol pantothenic acid/d to 5.0 mg/d (23 pmol/d)
pantothenic acid intake; 22.7+2.7 nmol folic acid/d to
200 pg/d (454 nmol/d) folic acid intake: 83=23 nmol
biotin/d to 30 ug/d (123 nmol/d) biotin intake; and
0.140+0.051 nmol ascorbic acid/d to 100 mg/d
(0.568 mmol/d) ascorbic acid intake (26). Intake of
vitamin B,. vitamin B: and folic acid was the same in
the present and previous studies, and the urinary excre-
tion of these vitamins in the present study was hall or
less than that in the previous study (26). Furthermore,
urinary excretion of nicotinamide metabolites and pan-
tothenic acid was the same in the present and previous
studies, and the intake of niacin and pantothenic acid
in the present study was twice that in the previous
study (26). The form of vitamins differed between the
two studies. The subjects obtained the vitamins from
the diet in the first week in the present study. and they
took a vitamin mixture in the previous one (26). As for
niacin, most nicotinic acid in cereals binds to sugars,
and bioavailability of this form is less than half that of
free nicotinic acid (27). Pyridoxine-5"-B-p-glucoside
{PN-glucoside) is a major naturally occurring form of
vitamin Be in fruits (28), vegetables and cereal grains,
and the bioavailability of PN-glucoside is ~50% relative
to pyridoxine (29). Bioavailability of pantothenic acid in
food is also half that of free pantothenic acid (30). Sup-
plements of folic acid are nearly 100% bioavailable
under fasting conditions (31). and a long-term con-
trolled dietary study indicated that the bivavailability of
folate in a typical mixed diet was no more than 50% rel-
ative to that in a formula diet (32). A recent study
showed that bioavailability of food folate was 78% of
that of folic acid according to an isotope (33). Most
water-soluble vitamins, except vitamin C, bind to pro-
teins or sugars in food. and the bioavailability of these
forms is considered to be lower than that of the free
forms (5).

The primary indicators selected Lo determine water-
soluble vitamin sufficiency are the levels in urine, blood
and/or serum. However. blood pantothenic acid and
plasma biotin concentrations are not sensitive indica-
tors of inadequate intake of these vitamins (34, 35).
The present study shows the first evidence that urinary
excretion of all eight water-soluble vitamins and their
metabolites is highly correlated with vitamin intake
when the subjects take a standard diet with or without
1. 3- and 6-fold vitamins based on DRIs. The next step
in this type of study is to determine the number of days
reflecting vitamin and metabolite contents in 24-h
urine samples, and to determine whether urinary vita-
mins and their metabolites in spot urine samples reflect
their intakes in everyday life. We propose that estimal-
ing urinary 24-h water-soluble vitamin and their
metabolite excretion is a good approach for assessing
vitamin intakes in individuals. Furthermore, these
results will contribute to determine dietary guidelines
and recommendations,
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Some vitamin-vitamin interactions are well known
for accumulating homocystein by a folate, vitamin By,
or vitamin By deficiency, and requiring vitamin B; and
vitamin By for conversion of nicotinamide from tryp-
tophan (36). These vitamin-vitamin interactions can be
seen in some vitamin deficiencies, and little is known
about how administrations of large amounts of water
soluble vitamins affect other vitamins' metabolism,
However, 1g of ascorbic acid administration for 7d
does not alter plasma pyridoxal 5"-phosphate level or
urinary excretion of 4-PIC (37). We previously reported
that 150 mg (1.22 mmol) of nicotinamide administra-
tion increased nicotinamide metabolites approximately
800 pmol in 24 h urine (9). Chronic administration of
a multivitamin supplement containing 150 mg of nico-
tinamide (1.22 mmol/d), 5.45mg of fursulthiamin
hydrochloride (12.5 umol/d), 3.5mg of riboflavin
(9.3 pmol/d), 4.5mg of pyridoxine hydrochloride
(22 pmol/d). 6.5 ug of cyanocobalamin (4.8 nmol/d).
15mg of calcium pantothenate (63 wmol/d as pan-
tothenic acid) and 125 mg of ascorbic acid (0.71 mmol/
d) Increased nicotinamide metabolites approximately
700 pmol in 24 h urine, showing that these doses of
vitamin intake did not affect nicotinamide metabolism
(38). Intestinal cells transport biotin, pantothenic acid
and lipoate via a sodium-dependent multivitamin
transporter (SMVT), and biotin uptake is inhibited by
pantothenic acid at a micromolar range in vitro (39),
This SMVT system is the major biotin uptake system in
the intestinal cells, and physiological (nanomolar) con-
centrations of pantothenic acid have no effect on the
biotin uptake In vitro (40). These reports and the
present results that urinary excretions of biotin and
pantothenic acid linearly or more increased with
administration of vitamins mixtures suggest that biotin
and pantothenic acid do not inhibit their absorption in
the present study. Moreover, urinary excretions of other
vitamins or their metabolites increased linearly in a
dose-dependent manner, suggesting no major effect on
water soluble vitamin metabolism or absorption
because of vitamin administration.
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Amount of Breast Milk Sucked by Japanese Breast Feeding Infants

Junko HIROSE", Mika ENDO", Sacko NAGAO”,
Kanae MIZUSHIMA”, Hiroshi NARITA®, Katsumi SHIBATA"

YDepartment of Food Science and Nutrition, School of Human Cultures,
The University of Shiga Prefecture,
“Nagao Clinic,
Y Awano Clinic,
"Dcpartment of Food and Nutrition, Faculty of Home Economics,
Kyoto Women’s University

To clarify the amount of breast milk sucked by infants who were completely breast fed before
weaning, a daily intake of breast milk was measured. A total of 148 Japanese infants, who were
completely breast feeding were subjected to the experiment. The mean + SD (n) of breast milk
sucked daily was 424+156 ml (n=15) at 4 days of age, 673£256 ml (n=14) at 15 days, 745+171 ml
(n=21) at one month, 842£192 ml (n=28) at 2 months, 820+158 ml (n=26) at 3 months, 781190
ml (n=22) at 4 months, and 786+179 ml (n=22) at 5 months. There was no statistically significant
difference between the value at 15 days and 5 months. The mean value during the period (15 days
to 5 months) of 7854191 ml, supported that of 780 ml determined in the Dietary Reference Intakes
for Japanese (2005).

Key Words : Japanese infants, breast milk intake, Dietary Reference Intakes
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Some people may take excessive tryptophan as a
supplement in the expectation that the tryptophan
metabolite, melatonine, will help to induce sufficient
sleep. We investigated the basis for a useful index to
assess the risk of a tryptophan excess. Young rats were
fed on a 20% casein diet with 0, 0.5, 1.0, 2.0 or 5.0%
added tryptophan for 30d the apparent toxicity and
growth retardation was observed in the 5.0% trypto-
phan-added group. Metabolites of the Tryptophan-
nicotinamide pathway and such intermediates as Kynur-
enic acid (KA), anthranilic acid (AnA), xanthurenic
acid, 3-hydroxyanthranilic acid and quinolinic acid in
24-h wrine increased in a dose-dependent manner. Of
those metabolites and intermediates, the urinary excre-
tion of KA progressively increased. and that of AnA
dramatically increased in the 2.0 and 5.0% tryptophan-
added groups. The urinary excretory ratio of AnA/KA
was a high value for both the groups, These results
suggest that the wurinary ratio of AnA/KA could be a
useful index to monitoran excessive tryptophan intake.

Key words: tryptophan; anthranilic acid; kynurenic acid;
tolerance; urine

Nicotinamide (Nam), serotonin and melatonin are
important bioactive compounds derived from the essen-
tial amino acid, tryptophan (Trp).""¥ Nicotinamide is
concerned with metabolism as a coenzyme: serotonin is
involved in relieving pain, in hypnosis, and in tranquil-
izing as a neurotransmitter; and melatonin is a pineal
hormone that is involved in the rhythm of sleep. Trp 1s
widely available on the market as a supplement for its
metabolites’” effects on maintenance of health. Taking
such a supplement too much may result in an excessive
intake, and Trp is one of the most toxic amino acids.® Its
LD50 value was 1.6 g/kg of body weight when injected
intraperitoneally into rat.” Its adverse effects are ataxia,
tremors, diaphoresis, blurred vision, dry mouth, muscle
stiffness, palpitations, and urticaria® The tolerable

upper intake level (UL) of Trp by humans is not well
known, and this level in humans cannot be determined
with human subject due to ethical considerations. The
establishment of a biomarker for showing a large
amount of Trp intake will be useful to prevent excessive
Trp intake and its adverse effects. We investigated in
the present study the effects of an excessive Trp intake
on Trp-nicotinamide (Nam) metabolism and Trp deg-
radation metabolism to identify the metabolic change.
We also show the urinary excretory ratio of anthranilic
acid (AnA)/kynurenic acid (KA) as an index for a large
amount of tryptophan intake.

Materials and Methods

Chemicals. Vitamin-free milk casein, sucrose, L-
methionine, gelatinized cornstarch, Trp, Nam, and
quinolinic acid (QA) were purchased from Wako Pure
Chemical Industries (Osaka, Japan). KA, xanthurenic
acid (XA), 3-hydroxyanthranic acid (3-HA), and N;-
methylnicotinamide chloride (MNA) were purchased
from Tokyo Kasei Kogyo (Tokyo, Japan). Ny-methyl-2-
pyridone-5-carboxamide (2-Py) and Nj-methyl-4-pyri-
done-3-carboxamide (4-Py) were synthesized by the
methods of Pullman and Colowick” and Shibata er al.,*
respectively. The mineral (AIN-93-G-MX) and nicotinic
acid-free vitamin (AIN-93-VX) mixtures were obtained
from Orental Yeast Kogyo (Tokyo, Japan). All other
chemicals used were the highest purity available from
commercial sources.

Animals and diet. The care and treatment of the
experimental animals conformed to the Unmiversity of
Shiga Prefecture guidelines for the ethical treatment of
laboratory animals. Twenty male Wistar rats (3 weecks
old obtained from Clea, Japan) were divided into five
groups of four rats each, and placed in an individual
metabolic cage (CT-10 for rats; Clea). One of the groups
was fed with a 20% casein diet as a control, and the

" To whom correspondence should be udd

I. Fax: +81-749-28-8499; E-mail: kshibata@shc.usp.ac.jp

Abbreviations: Trp, wyptophan, AnA, anthranilic acid; KA, kynurenic acid; XA, xanthurenic acid; 3-HA, 3-hydroxyanthranilic acid: QA.
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Table 1. Compositions of the Diets

Curl diet Test diets (Control diet + Trp)
+0.5% Trp +1% Trp +2% Trp +5% Trp
(%)
Cascin 0 20 20 20 20
L-methionin 0.2 0.2 0.2 0.2 02
Gelatinized comstarch 459 454 4.9 439 40.9
Sucrose 244 244 244 4.4 244
Com oil 5 5 5 5 5
Mineral mixture
(AIN-93-G-MX) 35 35 35 35 35
Vitamin mixture
(AIN-93.VX, nicotinic 1 1 1 | 1
acid-free)
Trp 0 05 1 2 5

=1 100
H

Fig. L.

Effect of Trp Intake on the Food Intake (A) and Body Weight (B) in Rats.

Male rats of the Wistar strain (3 weeks old) were obtuined and immediately placed in individual metabolic cages. @, control diet group;
%, 0.5% Trp supplemented diet group; A, 1% Trp supplemented diet group; £, 2% Trp supplemented diet group; O, 5% Trp supplemented
diet group. Esch value is the mean - SEM of four rats. A different letter on the curve indicates o significant difference at p < 0,05, as

determined by Tukey-Kramer multiple companson test.

others were fed with a 20% casein diet supplemented
with 0.5, 1, 2 or 5% Trp (Table 1). All animals were
allowed free access to food and water. The animal room
was maintained at a temperature of about 20°C with
60% humidity and a 12-h light/12-h dark cycle (light
on at 6:00 a.m.). The body weight and food intake were
measured daily at around 9:00 a.m., and food and water
were renewed daily. The experimental period was for
30d. Urine samples (10:00 a.m.~10:00 a.m.; 24-h urine)
were collected in a conical beaker containing | ml of 1M
HCl on the last day of the experiment. The urine samples
were stored at —20°C until needed.

Analysis. The urinary content of Nam, 2-Py and 4-Py
was simultaneously measured by the HPLC method of
Shibata er al,” and that for MNA by the method of
Shibata.” Urinary concentration of 3-HA was measured
by the HPLC method of Shibata and Onodera,'® while
the urinary concentration of KA was measured by
the method of Shibata.'" The urinary concentration

of XA was measured by the method of Shibata and
Onodera,'® and QA was measured by the method of
Mawatari et al.'®

Statistical analysis. Each value is expressed as the
mean + SEM. The statistical significance was deter-
mined by ANOVA and subsequent Tukey-Kramer
multiple-comparison tesis. Differences of P < 0.05 were
considered to be statistically significant. Prism 4.0
(Graph Pad Software, San Diego, CA, USA) was used
for all analyses.

Results

Effect of excessive Trp intake on the body weight gain
and food intake

The food intake and body weight gain are shown in
Fig. 1. The food intake and body weight gain of the rats
fed with the 5% Trp supplemented diet were lower than
the other groups from day 4, The value for the other Trp
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Fig. 2. Effect of Trp Intake on the Urinary Excretion of KA (A), XA (B), 3-HA (C), QA (D), and Sum = Nam + MNA + 2-Py + 4-Py (E) in Rats.
A different letter on the curve means a significant difference at p < 0.05, as determined by the Tukey-Kramer multiple comparison test.

supplemented groups being no different from the control
group throughout the experiment.

Effect of an excessive Trp inmtake on Trp-Nam
metabolism

The effect of excess Trp on Trp-Nam metabolism is
shown in Fig. 2. The urinary excretion of such Trp
catabolites as KA, XA and 3-HA increased according to
the intake of Trp. Although the excretion of QA was also
increased in a dose-dependent manner, its content was at
the same level in the 2% and 5% Trp supplemented
groups. The sum of the metabolites Nam, MNA, 2-Py
and 4-Py was the same in the 1%, 2% and 5% Trp
supplemented groups.

Interestingly, the urinary excretion of AnA dramati-
cally increased in the 2% and 5% Trp supplemented
groups (Fig. 3). This increased level of AnA was 308
times with the 5% Trp supplemented group compared to
the control group. Kynureninase, which is converted to
AnA from kynurenine, did not change (data not shown).

Effect of excessive Trp intake on urinary excretory
ratio of AnA/KA, AnA /XA and AnA/3-HA

The urinary excretory ratios of AnA/KA, AnA/XA
and AnA/3-HA for the 5% Trp supplemented group
were 83, 20 and 16 times higher than the respective
control group ratios (Table 2). These ratio for the 2%
Trp supplemented group were 5.5, 34 and 3.6 times
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Urinary excretion of AnA
(umol/day)

Dietary Trp content (%)

Fig. 3. Effect of Trp Intake on the Urinary Excretion of AnA in Rat.

The large graph shows the utinary excretion of AnA in the control group compared with the added 5% Trp supplemented group, and small
graph shows that urinary excretion of AnA in control group to added 2% Trp group. A different letter on the curve means a significant difference
al p <= 0,05, as determined by the Tukey-Kramer multiple comparison test.

Table 2. Trp Intake and Metabolites Used for Indices

Crrl +0.5% +1% +2% +3%
Trp intake 2135 673 £25 111543 2043 +32 4203 £ 256
(umol /day) (0 @.n (5.2) (9.6) (18.9)
AnA B243 347 £20 614 +£99 2126 £ 261 25420 + 4207
(nmol /day) (i “.1) (7.8) (25) (352)
KA 687 =57 1600 £ 80 2400 #+ 160 IBIL 18 6869 £ 364
(nmol /day) () 23 (3.5) 4.7) (10
XA 512439 1419 £ 142 2370 £ 157 3845 £+ 321 T600 £ 400
(nmol /day) (1 2.8) (4.6) (7.5) (14.8)
J-HA 2143 N+7 12142 148 £ 8 4057
(nmol /day) [13] (3.5) (6.4) (6.9) {22)
Value of AnA/KA 0.12+0.08 0.22 0,07 0.26 & 0,06 0.66 £ 0.10 374039
n (1.8) 22) (5.5) (83.3)
Value of AnA/XA 016 = 0.01 0.24 = 0.08 0.26 £ 0.03 055+ 0.04 33035
n (1.5) (1.6) (34) (20.1)
Value of AnA/3-HA 39402 49403 51407 144+10 62,8+ 10.7
i (1.3) (1.3) (3.6) (16.1)

Each value is expressed as the mean £ SEM of foor ruts, and in numbers purentheses are the relative to a control value of 1

higher than the respective control group ratios, How-
ever, the excretion ratios were al the same level between
the 0.5% and 1% Trp supplemented and the control

groups.
Discussion

Trp has appeared on the market to treat sleep
disorders,''® and consequently, there is the risk of an
excessive intake. It is therefore important to provide a
useful index that will monitor an excessive tryptophan
intake. Nutrient metabolite ratios change in urine in the
case of an excessive nutrient intake. Our previous study
has shown the effect of Nam when the nutrient intake
exceeded the tolerable level. For example, when rats

were fed with a diet containing different amounts of
Nam, metabolic changes was observed; the urinary
excretory ratio of (2-Py + 4-Py)/MNA was markedly
reduced by a diet containing more than a tolerable intake
of Nam.'"'™ We thought that an excessive Trp intake
would also induce metabolic change which would be
reflected in urinary excretion. Thus, we investigated the
Trp-Nam metabolism in rats fed with a diet containing
excessive Trp. Trp-Nam metabolites and metabolic
changes might provide an index for the excessive intake
of Trp.

In the present experiment, the urinary excretion of
such Trp catabolites as KA, XA and 3-HA increased
according to the intake of Trp (Fig. 2). Thus, the enzyme
activity related with the conversion of Trp 1o 3-HA



Trp Metabolism in Rats Fed with an Excessive Trp Diet 1671

mmpmm
N

T

_ytnmhm_j | O
@ jOCHzCHm (::ﬁ\
COOH

=
NF “COOH
XA

[ N
|
CH
N | -
on-enzymic

Sum coﬁ; R S cou.q
oxre—— (] IO
N N |

& & |

1 Kynnmhnd—hy*wy]-l ] —.
OSH.CHGOOH

l

COOH
N,

O
ACMS

Acetyl CoA
; [—"
QH. h
o oH
AMS

Fig. 4. Metabolism of Trp.

=

|
! 4Py 28y

This whole metabolic pathway exists only in the liver.

might be sufficient to metabolize a diet containing up to
5% Trp.

QA is formed from ACMS and ACMS is formed from
3-HA. The reaction from 3-HA to ACMS is catalyzed by
3-hydroxyanthranilic acid oxygenase (3-HAO) whose
enzyme activity is extremely high (715 £ 20 pmol/h/g
of liver). In this study, we did not measure ACMS,
although ACMS formation might increase because
3-HA was increased by an excessive Trp intake. The
excretion of QA increased with increasing Trp intake up
o 2%, but was almost the same form in the 2% and 5%
Trp diet groups (Fig. 2D). This means that the activity
of the enzyme, aminocarboxymuconate semialdehyde
decarboxylase (ACMSD), was also increased which
metabolizes «-amino-f-carboxymuconate-g-semialde-
hyde (ACMS) to wo-aminomuconate-s-semialdehyde
(AMS) (the bold line in Fig. 4). The Trp-ACMS
pathway branches at this metabolite; one branch is the
reaction from ACMS to AMS catalyzed by ACMSD,
and the other is the reaction from ACMS to QA by
spontaneous autocyclization. The activity of ACMSD
would be induced by Trp because it has been reported
that ACMSD activity was altered by various nutritional
factors and chemicals in vive,'#!31719)

The sum of the metabolites, Nam, MNA, 2-Py and
4-Py, was almost the same in the 1%, 2% and 5% Trp
diet groups, which showed that the metabolism of QA to
nicotinic acid mononucreotide was satwrated in the 2%

Trp diet group or the metabolite of ACMS to AMS was
accelerated as already mentioned. Quinolinic acid
phosphoribosyltransferase (QPRT) metabolized QA 1o
NaMN. Rao er al.'™ have reporied that QPRT was the
limiting with the rate enzyme on the Trp-Nam pathway
in rats.”” Therefore, QPRT reached the limiting rate
with the 2% Trp diet. We can explain these metabolic
changes by enzymatic conversion.

Interestingly, the urinary excretion of AnA sharply
increased above 2% Trp in the diet (Fig. 3), although
KA, 3-HA and XA increased with increasing Trp intake.
We cannot clearly explain why the excretion of AnA
increased in this way. The Km for the value enzyme
might be able to explain this result. The Km value for
Kynureninase, which catalyzes the reaction of kynur-
enine to AnA is 24 x 107*m. The Km value for
kynurenine-3-hydroxylase, which catalyzes the reaction
of kynurenine to 3-hydroxykynurenine, is 2.3 x 1075 M
and the Km value for Kynurenine amino transferase,
which catalyzes the reaction kynurenine to KA, is
8.8 x 107" M (Fig. 4). Little AnA may be formed with
intake of the in 1% Trp diet, but with intake of the 5%
Trp diet, AnA formed might become extremely high
(Fig. 4). Although the Km value is the same, the
Kynurenine to KA reaction did not become extremely
strong because this reaction may be complex. However,
the synthesis of AnA increased by 25 and 308 times in
the 2% and 5% Trp diet groups compared to the control
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group although liver kynureninase, which is involved
in the reaction of kynurenine to AnA did not change
(data not shown). The reaction of kynurenine to 3-
hydroxykynurenine 1s also involved in AnA formation,
because a decrease in this reaction caused kynurenine to
increase. Therefore, the increased urinary excretion of
AnA was not attributable to any changes in the enzyme
activities involved. We could not clearly explain why
the excretion of AnA increased in the rats fed with the
2% and 5% Trp diets. But, Unnary excretion of AnA
shows that extremely increase appeared lower level of
adverse effect. We thought this might be able to be used
as a bio marker.

Excess Trp intake is able to known by the daily
amount excretion of AnA, but if we use metabolite
of dependent on the Trp intake, it becomes easy. We
calculated some ratios of AnA/some Trp metabolite. As
Table 2 shows, the urinary excretory ratios of AnA /KA,
AnA/XA and AnA/3-HA in the 2% and 5% Trp diet
groups were higher than simple dose-dependence. When
using the excretion ratio as a useful index to prevent
excessive tryptophan intake, a spot test of urine can be
used for the evaluation. Among the three ratios, the
change in AnA/KA was the greatest. However this
needs further examination because, in practice, we do
not know when Trp metabolites appear in the urine.

In conclusion, we propose the unnary excretory ratio
of AnA/KA, as an index to mark the excessive intake
of Trp in rats. We want to study In the future whether
it is possible to adapt this index.
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Molybdenum (Mo) and chromium (Cr) in 79 Japa-
nese breast milk samples were measured by inductively
coupled plasma-mass spectrometry. For Mo, 51 samples
(64.6%) showed less than Sng/ml and only 12 samples
(15.2%) showed more than 10ng/ml. The range and
median were <0.1 to 25.91 and 3.18 ng/ml respectively.
For Cr, 38 samples (48.15%) showed less than 1ng/ml,
20 samples (25.3%) showed 1 to 2ng/ml, and only six
samples (7.6%) showed more than 5ng/ml. The range
and median were <0.1 to 18.67 and 1.00 ng/ml respec-
tively.

Key words: molybdenum; chromium; breast milk; diet-
ary reference intake; inductively coupled
plasma-mass spectrometry

Mo and Cr are essential trace elements in human
nutrition, and deficiencies of them have been observed
in patients with long-term total parenteral nutrition.'® In
Dietary Reference Intakes for Japanese in 2005 (DRI-J
2005), the recommended dietary allowances of Mo and
Cr for adults were set at 20 to 25 ug/d and 25 1o 40pg/d
respectively.”

Information on the secretion of trace elements in
human milk is needed in order to estimate intake by
breast-fed infants and, to establish the recommended
intake for infants. In fact, adequate intake (Al) levels of
several trace elements for infants (0 to 5 months) were
set on the basis of the concentrations of those trace
elements in breast milk of Japanese women in DRI-J
20052 but, Al levels for Mo and Cr were not set in
DRI-J 2005 because there was no available information
on the concentration of these two trace elements in
breast milk from Japanese women. In the present study,
we measured Mo and Cr concentrations of breast milk

samples from 79 Japanese women by inductively
coupled plasma-mass spectrometry (ICPMS), and at-
tempted to estimate Al levels for these two trace
elements in Japanese infants.

The study was reviewed and approved by the Ethics
Committee of the University of Shiga Prefecture, and it
followed the Declaration of Helsinki. Seventy-nine
healthy Japanese mothers who were breast-feeding
exclusively and not taking vitamin or mineral supple-
ments were recruited in several midwife clinics in
Hokkaido, Chiba, Kanagawa, Kyoto, Hiroshima, and
Nagasaki Prefectures in Japan from March 2005 to
December 2006. The numbers of subjects recruited in
the various prefectures were as follows: Hokkaido, 12;
Chiba, 10; Kanagawa, 15; Kyoto, 30; Hiroshima, 2; and
Nagasaki, 10. All the subjects had given birth to infants
at term (gestational age 38 to 41 weeks). The mothers
were 32.0 + 4.1 years old (mean £ SD), with a range of
19 to 39 years. There were no health problems in their
babies.

Breast milk was obtained from the subjects at an
intermediate time during breast-feeding, placed in a
nylon bag (Kaneson, Osaka, Japan) or a polypropylene
centrifuge tube (Sumitomo Bakelite, Tokyo, Japan) and
stored in a freezer at —20°C until analysis. The
postpartum day on which the sample was collected
was 955+ 468d (mean = SD) with a range of 5
to 191d.

Two to 5 milliliters of breast milk was transferred to a
ceramic melting pot (32¢ x 24 mm), dried at 90°C for
1 h in an electric aven, and then heated in an electric
furnace (As One F-B1414M, Osaka, Japan) at 550°C for
16h. After dry incineration, the remaining ash was
dissolved in 3 ml of 2% HNOs. Mo and Cr in the sample
solutions thus prepared were measured by ICPMS with
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Fig. 1. Histograms of Mo and Cr Concentrations in Breast Milk from 79 Japanese Women.

direct nebulization. The ICPMS operating conditions
were as follows: instrument, ICPM-8500 (Shimadzu,
Kyoto, Japan); forward power, 1,200 W; coolant gas
flow rate, 7.01/min; auxiliary gas flow rate, 1.51/min;
nebulizer gas flow rate, 0.581/min; sampling depth,
5.0mm; integration time, 2.0s; number of runs, 20;
mode of analysis, pulse; isotopes monitored, *Cr, Mo,
“TMo, and *Mo. A rhodium (Rh) isotope (‘®Rh) was
used as the internal standard. Since the three analytical
values obtained from ion intensities at 95, 97, and
98m/z were similar, the mean was used for Mo
quantification. Mean values of triplicate analyses were
used as Mo and Cr values for each subject. The detection
limit was 0.1 ng/ml of breast milk for both elements.

Quadruplicate analyses of standard non-fat milk
powder (SRM 1549, certified Cr content, 2.6 +0.7
ng/g, non-certified Mo content, 0.34pg/g) showed
values (mean £ SD) of 2.9+ 0.6ng/g as Cr content
and 0.3240.04pg/g as Mo content. On the other
hand, quadruplicate analyses of pooled breast milk and
a mixture of pooled breast milk with 1ng/ml of
standard Mo or Cr showed values (mean + SD) of
5.22+£0.12 and 6.25 + 0.10ng/ml as Mo and 1,35 +
0.11 and 226 £0.13ng/ml as Cr respectively. In
addition, quadruplicate analyses of pooled breast milk
on another day showed 5.27 + 0.08ng/ml as Mo and
1.28 £ 0.09 ng/ml as Cr.,

Among the 79 breast milk samples, only one sample
had non-detectmble Mo and 15 samples had non-
detectable Cr. Figure 1 shows histograms of Mo and
Cr concentrations in 79 breast milk samples. For Mo, 51
subjects (64.6%) showed less than 5 ng/ml, and only 12
subjects (15.2%) showed more than 10ng/ml. This
distribution of breast milk Mo is coincident with that
observed in our preliminary study. Similarly, for Cr, 38
subjects (48.1%) showed less than Ing/ml and
20 subjects (25.3%) showed values ranging from 1 to
2ng/ml, while only six subjects (7.6%) showed more
than Sng/ml. Except for samples with non-detectable

Table 1. Summary of Analyses of Molybdenum and Chromium
Contents in Breast Milk from 79 Japanese Women

Mo (ng/ml} Cr (ng/ml)
Mean* 542 173
Standard deviation® 533 257
Minimum =0.1 =0.1
Maximum 2591 18.67
Geometric mean® 157 069
Median 3.18 L.00
25 percentile value 1.89 031
75 percentile value 7.16 232

*Non-tetectable valies were st tn 0.05 ng/ml, which was half the detection

Mo or Cr, skewness and kurtosis were calculated to be
0210 (z=—0.245, NS) and —-0.532 (z=6.853,
p < 0.001) for log Mo (n=T78) respectively, and
—0.028 (z=0.094, NS) and -0:.101 (z=35.517,
p < 0.001) for log Cr (n=64) respectively, These
results indicate that both Mo and Cr show logarithmical
normal distribution rather than normal distribution.

Table | summarizes the analytical results for Mo and
Cr in 79 breast milk samples. In the calculation of these
statistical values, we set all non-detectable values to
0.05ng/ml, which was half the detection limit. The
arithmetical means for Mo and Cr in the 79 samples
were 542 and 1.73ng/ml respectively, Since both
elements showed logarithmical normal distribution, their
geometric mean and median values were lower than
their arithmetical mean values. The ranges of geometric
mean =+ geometric standard deviation were 1.33 to
9,57 ng/ml for Mo and 0.17 to 3.34 ng/ml for Cr. There
was no significant association between Mo or Cr
concentrations and days postpartum on which samples
were collected. In addition, no regional variation was
observed in Mo or Cr.

There have been several reports on Mo in breast milk.
Gunshin er al. found that the mean and range of Mo
concentration in breast milk from 24 Japanese women
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from 19 to 384 d after delivery were 24 ng/ml and 5 to
63 ng/ml respectively.”’ On the other hand, reports from
the US found that most human milk collected more than
1 month after delivery showed less than 2ng/ml of Mo
concentration.>” In addition, an intemational collabo-
rative study by the World Health Organization (WHO)
showed that most breast milk samples from Guatemala,
Hungary, Nigeria, Sweden, and Zaire had less than
Sng/ml Mo concentration, whereas Philippine breast
milk samples showed higher Mo wvalues (median,
16.36 ng/ml; range, 6.75 to 35.41 ng/ml).¥ The present
analytical values of breast milk Mo (mean, 5.42 ng/ml;
median, 3.18ng/ml; range, <0.1 to 2591 ng/ml) are
lower than those obtained in Gunshin's study or in the
Philippines, but somewhat higher than those in analyses
performed in many countries outside of Asia. Since rice
and soybeans are rich in Mo,” the dietary Mo intake of
Asian people who eat large amounts of rice and soybean
products is expected to be higher than that of Western
people. In fact, we confirmed that dietary Mo intake and
serum Mo concentrations in Japanese is somewhat
higher than in Americans or Europeans.™'” Accord-
ingly, it is likely that the Mo concentration in Japanese
breast milk is somewhat higher than m breast milk
collected in the US or Europe. The present analytical
values for breast milk Mo are reasonable and represen-
tative values for Japanese breast milk, although the
cause of high Mo values in breast milk in Gunshin's
study” and in the Philippines® is unclear.

There have also been several reports on Cr concen-
trations in breast milk. In Japanese subjects, values of
6.5ng/ml and of a non-detectable level to 20.9 ng/ml
were reported as the mean and range respectively for 24
Japanese subjects.” Another recent Japanese study of
a large number of subjects (n = 1,166) reported 59
47 ng/ml (mean = SD) as the breast milk Cr concen-
tration,'" but, the values in the latter study are not
reliable, since no accuracy evaluation of analytical
values using standard reference materials was per-
formed. Similarly, the reliability of the former study is
also insufficient, since accuracy was evaluated using
only orchard leaves (SRM 1571), which contained about
1,000-fold higher amounts of Cr than breast milk. On the
other hand, several recent reports indicate that the
amounts of Cr in breast milk from most Amerncan
mothers is less than 1ng/mL'*'" Accordingly, the
Dietary Reference Intakes of the US has adopted a value
of 0.25ng/ml as the average Cr value in breast milk
from American mothers.'" The present analytical values
(mean, 1.73ng/ml; median, 1.00ng/ml; range, <0.1
to 18.67ng/ml) were somewhat higher than the US
averaged values, but are coincident with breast milk Cr
vilues observed in an international collaborative study
performed by the WHO;'® the present Cr values are
therefore reasonable and representative values for
Japanese breast milk.

The main purpose of this study was to estimate the Al
values for Mo and Cr for Japanese infants. In DRI-J

2005, since the content of each nutrient in breast milk
taken by healthy infants is considered to be sufficient to
maintain adequate nutritional status, the Al value for
each nutrient for infants (0 to 5 months) was set by the
following equation: [averaged concentration of each
nutrient in breast milk] x [mean volume of milk intake
in infants (0.781/d)].'"" As mentioned above, the
present analytical values of Mo and Cr are considered
to be representative values for Japanese breast milk,
although a random sampling was not performed in a
strict sense. Hence, we can attempt to estimate the Al
for Mo and Cr for Japanese infants using the present
results,

Since both the Mo and the Cr concentration in breast
milk from 79 Japanese women showed a logarithmical
normal distribution, the geometric mean is suitable for
their averaged values, However, when the data include
values below detection limit, the geometric mean may
vary with the way of treating them. In Table 1, we set all
non-detectable values to 0.05 ng/ml, which was half the
detection limit. This treatment is the most convenient
and has been adopted in many studies, but the estimated
geometric mean varies with the setting of the detection
limit. Other approaches to estimating the geometric
mean of data including non-detectable values are to use
Cohen’s maximum likelihood estimator method.'” the
normal plot method,'® and the robust method.'”
Following Cohen’s method, we calculated the geometric
means of the data excluding non-detectable values and
adjusted those geometric means to those of all the data
using a detection limit value (0.10 ng/ml) and Cohen’s
A2 According to Cohen’s method, the geometric
means for Mo and Cr in the 79 breast milk samples
were estimated to be 3.52 and 0.71 ng/ml respectively.
Following the normal plot method, we depicted two
probability plots, as shown in Fig. 2, and calculated a
regression equation of log Mo or log Cr versus normal
scores. Based on X intercepts in the equation, the
geometric means for Mo and Cr were estimated to be
3.66 and (.82 ng/ml respectively. Following the robust
method, we substituted normal scores of the non-
detectable values for Y in the regression equation of
Fig. 2 1o estimate extrapolated values below the detec-
tion limit. After this extrapolation, the geometric means
for Mo and Cr in the 79 samples were estimated to be
3.66 and 0.82ng/ml respectively.

These geometric means estimated by Cohen’s method,
the normal plot method, and the robust method are
different from those described in Table 1 (Mo, 3.57; Cr,
0.69 ng/ml). Thus, since the geometric mean of the data
including non-detectable values varied with the treat-
ment of non-detectable values, we used medians as
averaged values for Mo and Cr in the 79 Japanese breast
milk samples to estimate Al When the median is used
in the estimation, the Al values for Mo and Cr for
Japanese infants (0 to S5 months) are 2.5ug/d (3.18
ug/l x 0.781/d = 248 ug/d) and 0.8 pg/d (1.00pug/1 =
0.78g/1 = 0.78 ug/d) respectively.

— 372 —
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We investigated the relationship between protein and
tryptophan intake and the adverse-effect-level of di(2-
ethylhexyl)phthalate (DEHP). Growth retardation of
young rats due to DEHP was strengthened by increasing
protein level. The addition of tryptophan to the diet
caused extreme increases in the nicotinamide formation,
but no growth retardation was observed.

Key words: nicotinamide; phthalic acid ester; trypto-
phan; toxicity; di(2-ethylhexyl)phthalate
(DEHP)

DEHP is a ubiquitous environmental contaminant due
to its extensive use as a plasticizer." Since phthalate
plasticizers are not chemically bound to polyvinylchlo-
ride plastics, they can leach, migrate, or evaporate into
indoor air and atmosphere, foodstuffs, and other materi-
als. These esters have been detected in animals and
humans. > We have reported that the administration of
phthalic acid esters such as dibutylphtahlate™® and
DEHP™' disturbed the metabolism of de nove NAD
biosynthesis. Concretely, the administration of phthalic
acid esters increased the formation of QA (a key
intermediate of the de novo NAD biosynthesis) and its
metabolites.” For example, the conversion ratio of Trp
to Nam was abnormally increased up to 30% by feeding
of a diet containing 3% DEHP, while the conversion
ratio of group on a non-DEHP diet was about 2%.”
Handler er al.'* and Shibata and Tanaka'* have reported
that the intake of an excess of Nam caused retarded
growth in young rats. We have proposed that part of
growth retardation in young rats due to phthalic acid
esters is attributable to excess Nam formation. Objective
of the present study was to test this hypothesis. Here we
report that our hypothesis was clearly disconfirmed.

NAD* and NADP* were purchased from Sigma
Chemical Company (St. Louis, MO). Vitamin-free milk
casein, sucrose, L-methionine, Nam, and QA were
purchased from Wako Pure Chemical Industries (Osaka,
Japan). KA, XA, and MNA chloride were purchased
from Tokyo Chemical Industry (Tokyo). 2-Py and 4-Py
were synthesized by the methods of Pullman and
Colowick'¥ and Shibata et al.'® respectively, Com oil
was purchased from Ajinomoto (Tokyo). Mineral and
vitamin mixtures and gelatinized cornstarch were ob-
tained from Oriental Yeast (Tokyo). All the other
chemicals used were of the highest purity available
from commercial sources.

The care and treatment of the experimental animals
conformed to The University of Shiga Prefecture guide-
lines for the ethical treatment of laboratory animals.
Male rats of the Wistar strain (3 weeks old with a body
weight of about 40 g) were obtained from CLEA Japan
(Tokyo). They were immediately placed in individual
metabolic cages (CT-10; Clea Japan). In experiment 1,
the rats were divided into five groups and fed ad libitum
for 21d on 40% casein diets'” containing a niacin-free
AIN-93 vitamin mixture with 0, 0.1, 0.5, 1.0, and 2.0%
DEHP. In experiment 2, the rats were divided six groups
and fed ad libitum for 21d on niacin-free 20% casein
diets,” with 0, 0.1, and 0.5% Trp with and without 0.1%
DEHP. The room temperature was maintained at about
20°C and about 60% humidity, and a 12-h light/12-h
dark cycle was maintained. Body weight and food intake
were measured daily at about 10:00 AM. In experi-
ment 2, urine samples (24-h; 10:00 AM-10:00 AM) on
the last day were collected in amber bottles containing
1ml of 1M HCI, stored at —20°C umtil needed. The
rats were killed by decapitation. To measure NAD
(NAD" 4+ NADH) and NADP (NADP* + NADPH), the

" To whom pond should be add

d. Tel: +81.749-28-8449; Fax: +81-749-28-8499; E-mail: fukkie @ shc_usp.ac jp
Abbreviations: DEHP, di(2-ethylhexyljphthalate; Trp, L-tryptophan: AnA. anthranilic acid; KA., k

acid; XA, x ic acid; 3-HA,

A-hydroxyanthranilic acid; QA, quinolinic acid; Nam, nicotinamide; MNA, N'-methylnicotinamide; 2-Py, N'-methyl-2-pyridone-5-carboxamide;

4-Py, N'-methyl-4-pyridone-3-carboxamide

— 3714 —



