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Sumumary Since NADH has been implicated in medication for some symptoms and as a
possible supplement for health, we characterized the metabolic fate of NADH orally given to
mice by comparing with those of nicotinamide (Nam), NAD* and NADH intraperitoneally
or orally administered. Mice were individually housed in metabolic cages, and divided into
two sets of four groups. Within each set, one group was intraperitoneally or orally adminis-
tered saline and the other three groups received intraperitoneal or oral administration of a
pharmacological dose of Nam, NAD* or NADH (5 uwmol/mouse). Twenty-four hour urine
samples for the day before and days 1 to 4 after administration were collected and analyzed
for Nam and its metabolites. When mice were administered saline alone, urinary excretion
of Nam and its metabolites, such as nicotinamide N-oxide (Nam N-oxide), N'-methylnicoti-
namide (MNA), N'-methyl-2-pyridone-5-carboxamide (2-Py), and N'-methyl-4-pyridone-3-
carboxamide (4-Py), was unchanged from day O to day 4. Intraperitoneal injection of Nam,
NAD* and NADH produced significant increases in urinary excretion of Nam and its metab-
olites. Similar results were obtained when Nam and NAD* were given orally. On the other
hand, oral administration of NADH did not bring about an increase in urinary excretion of
Nam and its metabolites, suggesting that NADH in digestive organs has been decomposed to
a compound(s) that cannot yield Nam. In fact, incubation of NADH at acidic pH to mimic
the stomach resulted in rapid conversion of NADH to an unknown compound. Better under-
standing of the fate of oral NADH is needed for its therapeutic and supplemental use.
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Reduced nicotinamide adenine dinucleotide (NADH)
and its oxidized form (NAD™") in cells are synthesized
mainly from dietary nicotinamide (Nam) (Fig. 1). Nam
is actively absorbed into intestinal cells and distributed
into various tissues, where it is used for biosynthesis of
pyridine nucleotide coenzymes (1, 2). These coenzymes
are also synthesized partly from tryptophan and nico-
tinic acid. Excess Nam is converted into nicotinamide
N-oxide (Nam N-oxide), N'-methylnicotinamide (MNA),
N'-methyl-2-pyridone-5-carboxamide (2-Py), and N!-
methyl-4-pyridone-3-carboxamide (4-Py) and these
catabolites are excreted into urine in mice (3). It has
been shown that orally taken NAD™ also supplies Nam,
since NAD™ is metabolized to Nam in the small intesti-
nal tract (1). ;

In contrast, the metabolic fate of oral NADH is
unclear. It appears that instability of NADH in an acidic
condition (gastric juice) (4) has made it difficult to pur-
sue its fate. Nevertheless, NADH has been used as a
novel medication for Parkinson’s disease (PD) patients
{5~7). Although support for this trial includes findings
that NADH stimulates dopamine production through
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activation of tyrosine hydroxylase (&), which is the rate-
limiting step of dopamine biosynthesis (9), and the
intravenous or oral NADH administration improves PD
rating scale, it is still controversial for several reasons
whether NADH is recommendable as a therapeutic
agent of PD (5-7). Furthermore, it has been reported
that NADH appears to act against jet lag (10) and mal-
aise (11, 12).

Such a high incidence of NADH ingestion has
prompted us to explore in vitro and in vivo changes of
NADH. In the present study, we show that exposure of
NADH to an acidic condition yields unknown products
and that the metabolic fate of NADH orally given to
mice markedly differs from that of intraperitoneal
NADH. Metabolism of Nam, NAD* and NADH adminis-
tered either orally or intraperitoneally has also been
compared by measuring urinary Nam and its metabo-
lites.

MATERIALS AND METHODS

Chemicals. Vitamin-free milk casein, sucrose, L-
methionine and Nam were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). N'-Methylnic-
otinamide (MNA) chloride was purchased from Tokyo
Kasei Kogyo (Tokyo, Japan). NAD* and NADH were
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Proposed metabolic fate of the intraperitoneally injected NADH. Nam, nicotinamide; MNA, N'-methylnicotinamide;

Nam N-oxide, nicotinamide N-oxide; 2-Py, N'-methyl-2-pyridone-5-carboxamide; 4-Py. N!-methyl-4-pyridone-3-carbox-
amide: NMN, nicotinamide mononucleotide; PRPP, 5-phosphoribosyl 1-pyrophosphate.

purchased from Sigma-Aldrich Fine Chemicals (St.
Louis, MO, USA). Nam N-oxide was purchased from
Aldrich Chemical Company Inc. (Milwaukee, WL, USA).
N'-Methyl-2-pyridone-5-carboxamide (2-Py) and N'-
methyl-4-pyridone-3-carboxamide (4-Py) were synthe-
sized by the methods of Pullman and Colowick (13) and
Shibata et al. (14). respectively. Corn oil was purchased
from Ajinomoto (Tokyo, Japan). The mineral and vita-
min mixtares and the gelatinized cornstarch were
obtained from Oriental Yeast Co., Ltd. (Tokyo, Japan).
All other chemicals used were of the highest purity
available from commercial sources.

Stability of NAD* and NADH in acidic solution.  NAD”
and NADH were each dissolved in 0.1 mol/L HCI at
0.1 mg/ml and kept at 25°C. Each solution was directly

injected to an HPLC system. NADH was dissolved in
H,0 at 0.1 mg/mL and immediately injected into the
HPLC. NADH was dissolved in 0.1 mol/L HCl at 0.1 mg/
mlL at 25°C, and then injected into the HPLC at 1 min
after the dissolution, 40 min after the dissolution, and
3 h after the dissolution. The chromatographic condi-
tions were constant: column, Chemcosorb 7-ODS-L (4.6,
i.d., X250 mm); mobile phase, 10 mmol/L KH2PO4 (pH
3.0 adjusted by H3PO.): acetonitrile=96:4; column
temperature, 30°C; detection, UV (260 nm); flow-rate,
1.0 mL/min; sample volume, 20 uL.

Animals and diets. This experimental design was
approved by the Animal Experiment Committee of The
University of Shiga Prefecture and the mice were han-
dled according to Guidelines for Care and Use of Labora-
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tory Animals.

Experiment 1: Male mice of the ICR strain (11 wk
old) were obtained from CLEA Japan, Inc. (Tokyo,
Japan). The mice were individually housed in metabolic
cages (CM-108S; CLEA Japan, Inc.) and fed a complete

Table 1. Composition of the diets.
Control diet (NiA-free, 20%

casein diet)

(g/kg of diet)
Milk casein (Vitamin-free) 200
L-Methionine 2
Gelatinized-cornstarch 459
Sucrose 229
Corn oil 50
Mineral mixture! 50
Vitamin mixture (NiA-free)? 10

'Provided the following (g/kg of diet): CaCos, 14.645;
CaHPO4 2H,0, 0.215; KHaPO4, 17.155; NaCl, 12.53;
MgSO4- 7H>0, 4.99; Fe(CeHs07)-6H0, 0.31115; CuSO4-
5H>0, 0.078; MnSO04-H20, 0.0605; ZnCly, 0.01; KI,
0.00025; and (NH4}eMo7024:4H>0, 0.00125. Obtained
from Oriental Yeast Co., Ltd., Tokyo, Japan.

2Provided the following (mg/kg of diet. except as indi-
cated): retinyl acetate, 5.0001U; cholecalciferol, 1,000
1U; tocopherol acetate, 50; menadione, 52; thiamine-
HCI, 12; riboflavin, 40: pyridoxine-HCl, 8; cyanocobal-
amin, 0.005; ascorbic acid, 300; p-biotin, 0.2; {olate, 2;
calcium pantothenate, 50; para-aminobenzoic acid, 50;
nicotinic acid, 60; inositol, 60; choline chloride, 2,000;
and made up to 10 g with cellulose powder. Obtained
from Oriental Yeast Co., Ltd.
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Fig. 2.

20% casein diet (Table 1) and allowed free access to
water throughout the experimental period. Body weight
and food intake were measured daily at 09:00. The
environmental conditions were constant: 12-h light/
dark cycle, room temperature of 22=2°C, humidity of
about 60%.

After 1 wk, they were divided into four groups of five
each. One group was intraperitoneally injected with a
sterile physiological saline solution (0.1 mL), while the
other three groups were intraperitoneally injected with
an appropriate dose of Nam, NAD* or NADH (5 umol/
mouse) dissolved in sterile saline (0.1 mL) at 09:00. In
the preliminary experiment of feeding a NiA-free 20%
casein diet, the sum of Nam and its metabolites in the
24 h arine was about 1 pmol per mouse. For this rea-
son, we decided dosage at 5 wmol as the amount of the
lowest addition at which the increase of the excretion to
the urine would be obviously confirmed. Twenty-four
hour (09:00-09:00) urine samples from the day before
(day 0) and days 1 to 4 after the injection were collected
into bottles containing 1 mL of 1 mol/L HCI and stored
at —25°C until analysis for Nam and its metabolites.

Experiment 2: The methods were the same as in
Experiment 1 except for the route of administration,
After 1 wk, they were divided into four groups of five.
One group was orally administered a sterile physiologi-
cal saline solution (0.1 mL), while to the other three
groups was orally administered Nam, NAD* or NADH
(5 umol/mouse) dissolved in sterile saline (0.1 mL) at
09:00.

Analyses. The quantities of Nam, 2-Py and 4-Py in
the urine were measured simultaneously by the HPLC
method of Shibata et al. (14). The urinary content of
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Time-dependent changes in the HPLC chromatogram of NADH dissolved in 0.1 mol/L HCl. A: NADH was dissolved

in H>O at 0.1 mg/mL and immediately injected into the HPLC. B~D: NADH was dissolved in 0.1M HCl at 0.1 mg/mL at
25°C, and then injected into the HPLC at (B) 1 min after the dissolution, (C) 40 min alter the dissolution, and (D) 3 h after

the dissolution.
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Effects of intraperitoneal injection of Nam, NAD" or NADH on the urinary excretion of nicotinamide and its metab-

olites in mice. On day 1 at 09:00, 5 umol/mouse of Nam (®), NAD™ () or NADH (A) dissolved in 0.1 mL of sterile saline
was intraperitoneally injected into mice. As a control (O), 0.1 mL of sterile saline was injected. Twenty-four hour (09:00~
09:00) urine samples were collected for 1d before the administration (day 0) and days 1 to 4 after the injection.
Sum=Nam+Nam N-oxide+MNA+2-Py+4-Py. Each point is the mean=SE for S mice. Values with different superscript
letters in the same figure are statistically significantly different at p<<0.05 vs. the control group on the same day.
*Significant at p<<0.05 compared with the value of the respective day 0.

MNA or Nam N-oxide was measured by HPLC as previ-
ously described (15, 16).

Statistics. All data are presented as means=®SE,
n=>5. Statistical analysis was carried out by two-way
ANOVA followed by Dunnett’s multiple comparison test;
the mice injected or administered with a sterile physio-
logical saline solution were defined as the control
groups (Stat View 5.0, SAS Institute Inc.; Cary, NC,
USA).

RESULTS

Changes of NADH and NAD™ in acidic solution

It is widely accepted that NADH is unstable under
acidic conditions but it is stable under alkaline condi-
tions, while NAD* shows the opposite properties (4).
We first examined the breakdown of NADH dissolved in
0.1 mol/L HCI (Fig. 2). Figure 2A is a HPLC chromato-
gram of NADH dissolved in water; a single peak of

NADH was observed. Figure 2B, C, and D are HPLC
chromatograms of the acidified NADH solution after
incubation at 25°C for 1 min, 40 min and 3 h, respec-
tively. Significant breakdown of NADH was seen after
exposure for only 1 min (Fig. 2B) and incubation for
40 min resulted in a major breakdown product eluted
at around 3 min (Fig. 2C). After incubation for 3 h,
most NADH had been converted to this major product
whose structure remains yet unknown (Fig. 2D). This
product does not correspond to Nam, because Nam is
eluted at around 6 min under the HPLC conditions
used. As expected, NAD™ in acidic solution was
unchanged after 3 h incubation at 25°C (data not
shown).
Body weight and food intake

The daily changes in body weight and food intake
among all the groups in Experiments 1 and 2 were
almost constant (data not shown). Therefore, there was
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Fig. 4. Effects of oral administration of Nam, NAD* or NADH on the urinary excretion of nicotinamide and its metabolites
in mice, On day 1 at 09:00, 5 pmol/mouse of Nam (&), NAD™ (10) or NADH (A) dissolved in 0.1 mL of sterile saline was
orally administered to mice. As a control (O), 0.1 mL of sterile saline was orally administered. The others are the same as

in the legend for Fig. 3.

no influence on body weight or food intake by the route
of administering NADH.
Urinary excretion of Nam and its metabolites, Nam N-
oxide, MNA, 2-Py and 4-Py

Experiment 1. Mice received intraperitoneal injec-
tion of saline, Nam, NAD* or NADH, and 24-h urine
samples were collected to investigate their metabolic
fates. The results are shown in Fig. 3. Day 0 means the
urine sample of the day before administration and day 1
indicates the day of administration. When saline only
was administered to mice, daily excretions into the
urine of Nam and its metabolites, such as Nam N-oxide,
MNA, 2-Py, and 4-Py, were almost constant from day O
to day 4 (Fig. 3A-E). Injection of Nam, NAD* and
NADH produced significant increases in urinary excre-
tions of Nam (Fig. 3A), Nam N-oxide {Fig. 3B), MNA
(Fig. 3C), 2-Py (Fig. 3D), and 4-Py (Fig. 3E). The incre-
ment was seen in the 24-h urine samples after injec-
tion, but their metabolite excreta into the urine samples
from day 2 to 4 were similar to those in saline-injected
mice. Likewise, the sums of Nam, Nam N-oxide, MNA,

- 2-Py and 4-Py excreted into the 24-h urine samples just

after the injection of Nam, NAD" or NADH were signifi-
cantly higher than those in saline-injected mice (Fig.
3F). It is noted that NADH injected intraperitoneally is
nearly equivalent to that of Nam or NAD* with respect
to increases in urinary excretion of Nam and its metab-
olites. These results suggest that the intraperitoneally
injected NADH is efficiently converted to NAD*, which
is then deglycosidated into Nam and ADP-ribose in
cells. Then Nam would take its normal metabolic path-
way including urinary excretion.

Experiment 2. Saline, Nam, NAD* or NADH was
orally administered to mice, and 24-h urine samples
were collected to investigate their metabolic fates. The
results are shown in Fig. 4. The administration of Nam
and NAD™ produced significant increases in Nam (Fig.
4A), Nam N-oxide (Fig. 4B), MNA (Fig. 4C), 2-Py (Rig.
4D) and 4-Py (Fig. 4E). The sums of Nam, Nam N-oxide,
MNA, 2-Py and 4-Py excreted into urine were signifi-
cantly increased (Fig. 4F) by administration of Nam or
NAD* as compared with that of saline. These increases
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were seen in the urine samples collected on day 1 but
thereafter the urinary levels of metabolites returned to
those of controls, which are similar to when Nam or
NAD* was given intraperitoneally. In contrast, oral
administration of NADH did not produce any increases
in Nam or its metabolites.

DISCUSSION

This study was undertaken to investigate metabolic
fate of NADH, because this compound has been tested
as a pharmacological agent to ameliorate some symp-
toms including Alzheimer’s disease (17), chronic
fatigue syndrome (11, 12), and jet lag (10). Primarily,
in the patient with PD to which NADH was intrave-
nously administered, a beneficial clinical effect was
observed (18); therefore, it was investigated whether
orally given NADH has a similar effect (19, 20). After-
wards, the safety of the stabilized orally absorbable form
of NADH tablet was tested in the rat (21) and the dog
(22). Rainer et al. (23) reported that they found no evi-
dence for any cognitive effect by oral NADH in demen-
tia. NADH might also be used as a dietary supplement,
but it is important to understand the fate of orally given
NADH.

NADH is unstable in acidic conditions, while NAD" is
stable (4). Gross and Henderson (1) revealed that NAD*
is efficiently digested in the small intestinal tract, pro-
ducing Nam that is transported into the blood and dis-
tributed to various tissues. Nam in the circulation
appears to take two metabolic pathways depending on
the cellular conditions; Nam is reused for biosynthesis
of NAD* and NADH or it gives rise to some downstream
metabolites whose physiological functions are not
known. Excess Nam and its metabolites are also
excreted into the urine. In agreement with this notion,
NAD™ given orally increased urinary excretion of Nam
(Fig. 4) and its metabolites in a manner similar to that
found when NAD™ was intraperitoneally administered
(Fig. 3). NAD"-induced elevation of the urinary excre-
tion was also similar to that caused by oral (Fig. 4) or
intraperitoneal (Fig. 3) administration of Nam.

NADH appears to be almost equivalent to Nam and
NAD™ when it was given intraperitoneally (Fig. 3) but
the fate of orally administrated NADH (Fig. 4) is entirely
different; oral administration of NADH showed little
effect on the urinary excretion of Nam and its metabo-
lites (Fig. 4). These results present three possibilities
that orally administered NADH a) may not be oxidized
to NAD™, b) may not be absorbed by the mouse gas-
trointestinal system, or ¢) may have been converted to a
compound(s) before absorption that cannot yield Nam.
Incubation of NADH under acidic conditions similar to
gastric juice has made the third possibility very likely;
treatment only for 1 min caused degradation of NADH
and after 40 min most of the NADH was converted into
an unknown product (Fig. 2). Although degradation of
NADH in the gastric juice may be more complex, struc-
tural analyses of this product is important, because oral
NADH-induced improvement of some symptoms might
be attributable to this compound. Thus at the present

time the fate of NADH orally given is poorly understood
and therefore recommendation of its use as a therapeu-
tic or supplement appears to be premature.
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In order to find an alleviation method for the adverse
effect of environmental endocrine disrupters, we studied
the effects of the putative endocrine disrupter and per-
oxisome proliferator, di(2-ethylhexyl)phthalate (DEHP),
on animal growth and vitamin metabolism. It is known
that the effects of chemical compounds such as xeno-
biotics differ according to the dietary protein source.
We compared the effects of dietary DEHP administra-
tion on rats fed with a diet containing milk casein or
wheat gluten. The increased conversion ratio of trypto-
phan to nicotinamide by DEHP administration was
significantly higher in the casein group than in the
gluten group. We also investigated the effects of DEHP
on the urinary excretion of other vitamins. DEHP
administration resulted in decreased urinary excretion
of vitamin By, vitamin B,, and pantothenic acid.

Key words: nicotinamide; tryptophan; di(2-ethylhexyl)-
phthalate (DEHP); dietary protein

Phthalic acid esters, which are known to cause
malformation of the mice fetus,” are used in a variety
of industrial applications."™» They are constituents of
such diverse products as paint, adhesive, cosmetics and
polyvinyl chloride plastic.>® These esters are widely
distributed throughout the environment and have been
detected in animals and humans,¥ We have already
reported that the administration of phthalic acid the
esters such as di-n-butylphthalate® and di(2-ethylhex-
yhphthalate (DEHP)*!1? disturbed the de novo nicotin-
amide (Nam) synthesis from tryptophan (Trp).

Handler and Dann'" and Shibata and Tanaka'? have
reported that an intake of excess Nam retarded the
growth of young rats. We have proposed that part of
the toxicity of phthalic acid esters was attributable to

excess Nam formation.>® The conversion ratio of Trp
to Nam varies according to the amino acid composition
of dietary proteins.'® Furthermore, there are some
reports that dietary grain proteins alleviated the adverse
effect of a toxin'®'> and reduced the toxicity with an
excessive intake of nutrients'® compared to dietary milk
casein. In the present experiment, we report a com-
parison of the effects of phthalic acid esters on the
vitamin metabolism in rats fed with a casein or gluten
diet.

Materials and Methods

Chemicals. Vitamin-free milk casein, wheat gluten,
DEHP, sucrose, L-methionine, L-lysine, L-threonine,
anthranilic acid, nicotinic acid, thiamin hydrochloride,
riboflavin, calcium pantothenate,” Nam and quinolinic
acid (QA) were purchased from Wako Pure Chemical
Industries (Osaka, Japan). Kynurenic acid (KA), xan-
thurenic acid (XA), 3-hydroxyanthranilic acid (3-HA)
and N'-methylnicotinamide (MNA) chloride were pur-
chased from Tokyo Kasei Kogyo (Tokyo, Japan). N'-
Methyl-2-pyridone-5-carboxamide (2-Py) and N'-meth-
yl-4-pyridone-3-carboxamide (4-Py) were respectively
synthesized by the methods of Puliman and Colowick!”
and Shibata er al.'® Corn oil was purchased from
Ajinomoto (Tokyo, Japan). Gelatinized cornstarch, and
the mineral (AIN-93-G-MX)'? and Nam-free vitamin
(AIN-93-VX)'" mixtures were obtained from Oriental
Yeast Kogyo (Tokyo, Japan), all the other chemicals
used being of the highest purity available from com-
mercial sources.

Animal and diets. The care and treatment of the
experimental animals conformed with The University of

¥ To whom correspondence should be addressed. Tel: +81-749-28-8449; Fax: +81-749-28-8499; E-mail: kshibata@shc.usp.ac.jp
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Table 1. Composition of the Diets

20% Gluten diet*! (%)

20% Casein diet™ (%)

Control Test Control Test
0.5% DEHP 0.5% DEHP

Gluten 20 20 0 0
Casein 0 0 20 20
L-Lysine 0.76 0.76 0 0
t-Threonine 0.25 0.25 0 0
L-Methionine 0 0 0.2 0.2
Gelatinized cornstarch 46.83 46.33 46.9 46.4
Sucrose 22.66 22.66 234 234
Corn oil 5 5 5 5
Mineral mixture (AIN-93G-MX) 35 35 35 3.5
Vitamin mixture (AIN-93-VX)

L . 1 1 1 1
(nicotinic acid-free)
DEHP 0 0.5 0 0.5

*"The amino acid contents (total content was 18,293 mg) of 100 g of the diet were 606.2 mg of isoleucine, 1,086.2 mg of leucine, 1.797.8 mg of lysine, 252.6 mg of
methionine, 328.4 mg of cysteine, 808.4 mg of phenylalanine, S05.2 mg of tyrosine, 904.2 mg of threonine, 156.6 mg of tryptophan, 656.8 mg of valine, 353.6 mg of
histidine, 555.6 mg of arginine, 404.2 mg of alanine, 555.6 mg of aspartic acid, 5,810.4 mg of glutamic acid, 530.4 mg of glycine, 2,273.6 mg of proline. and 707.2mg

of serine.

*2The amino acid contents (total content was 19,194.6 mg) of 100 g of the diet were 972.6 mg of isoleucine, 1,675.2 mg of leucine, 1,432.0 mg of Iysine, 940.4 mg of
methionine, 86.40 mg of cysteine, 918.6 mg of phenylalanine, 999.8 mg of tyrosine, 729.4 mg of threonine, 226.8 mg of tryptophan, 1,188.8 mg of valine, 540.4 mg of
histidine, 648.4 mg of arginine, 540.4 mg of alanine, 1,243.0mg of aspartic acid, 3.783.0 mg of glutamic acid, 324.2mg of glycine, 2,026.6 mg of proline, and

918.6 mg of serine.

Shiga Prefecture guidelines for the ethical treatment of
laboratory animals.

Male rats of the Wistar strain (6 weeks old) were
obtained from CLEA Japan (Tokyo, Japan) and imme-
diately placed in individual metabolic cages (CT-10;
Clea Japan).

The rats were fed ad libitum for 21 days with a Nam-
free casein or gluten diet with or without 0.5% DEHP.
The composition of each diet is shown in Table 1. The
diets used did not contain the preformed vitamin, niacin
(Nam and nicotinic acid), so that Nam and such
metabolites as MNA, 2-Py and 4-Py originated from
Trp. Mammals such as rats and humans cannot produce
nicotinic acid from Trp.’®

The room temperature was maintained at around
20°C and about 60% humidity, and a 12h light/12h
dark cycle was maintained. The body weight and food
intake were measured daily at around 10:00 a.m. Urine
samples (24h; 10:00 a.m.~10:00 a.m.) on the last day
were collected in amber bottles containing 1ml of
1 mol/1 of HCI, and were stored at —25 °C until needed.
The rats were killed by decapitation at around 10:00
a.m. on the last day of the experiment.

Analyses. The contents of Nam, 2-Py, and 4-Py in the
urine were simultaneously measured by the HPLC
method of Shibata et al.,'¥ while the content of MNA
in the urine was measured by the HPLC method of
Shibata.?!

The contents of KA,22 XA, % 3-HA, 2 AnA, Y QA
thiamin,?® and riboflavin®” in the urine were measured
by the HPLC method. The urine content of pantothenic
acid was measured by a microbiological method.?®

Results

Effects of DEHP administration on the body weight
gain, food intake, and liver weight of the rats fed with
the gluten and casein diets

We have previously reported that an adverse effect of
DEHP on rats fed on a casein diet was observed with 1%
addition to the casein diet but not with up to a 0.5%
addition.®” As expected, the body weight gain and food
intake of all groups (20% casein, 20% casein + 0.5%
DEHP, 20% gluten, and 20% gluten + 0.5% DEHP
diets) were almost the same as shown in Fig. I. The
characteristic phenomenon that the administration of
DEHP increased the liver weight has been reported.®
Enlargement of the liver by the administration of DEHP
was also observed in the present experiment (Table 2).
The degree of enlargement of the liver was almost the
same between the casein and gluten groups.

Comparison of the effect of DEHP on the metabolism
of Trp to Nam between the rats fed with the gluten and
casein diets

The DEHP intake had no significant effects on the Trp
to 3-HA metabolism when comparing the urinary
excretion. However, the urinary excretion of KA was
increased and that of XA decreased by the DEHP intake
(Table 2).

We have previously reported that a target for the
disturbance of Trp metabolism was the reaction of a-
amino-B-carboxymuconate-g-semialdehyde (ACMS) —
«-aminomuconate-g-semialdehyde (AMS),'? which re-
sulted in the increased formation of QA. As shown in
Table 2, the QA formation was significantly increased
by the DEHP intake in thé experiments with both the
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Fig. 1. Effect of DEHP on the Body Weight Gain (A) and Food Intake (B) of Rats Fed with the Gluten or Casein Diet.
Young rats of the 6 weeks olds were fed on respective diet for 21 days. Each point is the mean & SEM for 5 rats. @, Gluten diet; O, gluten
diet + 0.5% DEHP; A, casein diet; A, casein diet + 0.5% DEHP.

Table 2. Effect of DEHP on the Liver Weight and Urinary Excretion of Metabolites on the Trp-Niacin Pathway

20% Gluten diet (%) 20% Casein diet (%)

Control Test Control Test
0.5% DEHP 0.5% DEHP
Liver weight
(g/rat) 11.54+04° 15.5 4+ 0.4 11.3 403" 16.1+£0.8"
(2/100g b.w.) 404018 5.9402° 40402 6.14£02°
Urinary excretion
(mmoi/mol Trp intake)
AnA 0.49 + 0.03 0.57 £0.03 0.44 £0.02 0.42+0.03
KA 5.62 £ 0.31° 7.95 + 0.90° 5.36 £ 0.20° 10.52 +0.87°
XA 4.07£035 2.68 £0.37 4.06 £ 0.04 292421
3-HA 0.34 £0.05 0.28+0.2 0.28 £0.04 0.25£0.03
QA 1.80 £ 0.34° 12.26 £ 1.33¢ 2504 0.16% 25.28 £ 2.80°
Nam N.D.* 441 £0.97° N.D.* 7.57 £ 0.25%
MNA 1.14 £0.24* 12,14 £ 1.29¢ 1.08 4-0.18* 62.95 = 8.41°
2-Py 0.57 £0.16° 5.49 £ 1.09¢ 0.68 £ 0.09° 19.53 £ 2.60°
4-Py 9.00 =4 1.35¢ 34.87 £4.11° 10.53 4 1.08° 39.39 4+ 3.74°

Each value is expressed as the mean &= SEM (n = 5); a different superscript letter in the same row means significantly different at p < .05 as calculated by the

Student-Neumann-Keuls multiple-comparison test.
*N.D.. not detected

gluten and casein diets, although the effect of DEHP was
significantly lower with the gluten diet than with the
casein diet. The subsequent metabolites beyond QA
were also increased by the DEHP intake with both the
gluten and casein diets. Figure 2 shows the conversion
ratio of Trp to Nam. The values were increased by the
DEHP intake in both groups. In the present study, Nam
and its catabolites such as MNA, 2-Py, and 4-Py were
synthesized only from Trp, because the diets do not
contain any Nam. The conversion ratio of Trp to Nam
was calculated by the following equation: sum of the
urinary excretion of Nam, MNA, 2-Py, and 4-Py (umol/
day)/Trp intake during urine collection (umol/day) x
100. The conversion ratio with the casein and gluten
diets when rats were not given DEHP were not statisti-
cally different (Fig. 2), but the administration of DEHP
caused a significant difference in the conversion ratio of
Trp to Nam between the gluten and casein diets.

Effects of DEHP on the urinary excretion of thiamin,
riboflavin, and pantothenic acid in the rats fed with the
gluten and casein diets

Treatment of rats with DEHP increases the induction
of several metabolic enzymes, including those involved
in peroxisomal B-oxidation.” We therefore compared
the effects of DEHP administration on the vitamins
involved in the B-oxidation pathway such as riboflavin
and pantothenic acid in the rats fed with the diets of
gluten and casein.

The urinary excretion of both riboflavin and panto-
thenic acid was decreased by the administration of
DEHP with both protein diets as shown in Figs. 3 and 4,
the effect with the gluten diet being more than that with
the casein diet.

Thiamin is not required in fatty acid metabolism, but
is in glucose metabolism. Thus, the effect of DEHP
administration on the urinary excretion of thiamin was
also investigated. As shown in Fig. 5, the urinary
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Fig. 2. Effect of DEHP on the Conversion Ratio of Trp to Nam in
Rats Fed with the Gluten or Casein Diet.

Each bar is the mean & SEM for 5 rats; a different superscript
letter means significant difference at p < 0.05 as calculated by the
Student-Neumann-Keuls multiple-comparison test. Unfilled column,
casein diet group; hatched column. gluten diet group.

excretion of thiamin was lower in the DEHP group than
in the non-DEHP group with both protein diets, the
effect on the casein group being more severe than that
on the gluten group.

Discussion

We have already reported that the administration of
DEHP significantly increased the formation of Nam
from Trp by inhibiting the activity of ACMSD!® and
that feeding a casein diet containing over 1% DEHP
retarded the growth of young rats.9 Handler and Dann!?
and Shibata and Tanaka'® have reported that the intake
of excess Nam retarded the growth of young rats. It is
therefore considered that part of the toxicity of phthalic
acid esters is attributable to excess Nam formation. In a
previous report,”) we stated that the degree of conversion
of Trp to Nam differed according to the dietary casein
level; the increased conversion was significantly lower
in the group fed with the 10% casein diet than in the
group fed with the 20% casein diet when the diets
contained a phthalic acid ester. Shibata'® has clarified
that the conversion ratio varied according to the amino
acid composition of dietary proteins. Treating the rats
with DEHP increased the induction of several metabolic
enzymes, including those involved in peroxisomal g-
oxidation.??> Furthermore, some reports have revealed
that dietary grain protein alleviated the adverse effect of

a toxin.!*!») We therefore compared the effect of DEHP
on the vitamin metabolism involved in energy formation
between the casein and gluten diets.

In the present experiments, the limiting amino acids
were appropriately supplemented to the two diets to
maintain an equal growth rate (Table 1). However, the
effects of DEHP on the metabolism of Trp to Nam
differed between the groups fed with the gluten and
casein diets (Fig. 2 and Table 2). The difference in the
effect of DEHP would have been due to the reaction of
ACMS ~» AMS. This reaction is catalyzed by ACMSD,
although the liver ACMSD activity was almost the same
between the groups fed with the gluten and casein diets
(data not shown). We have reported that the mono-
ethylhexyl phthalic acid ester was an inhibitor of
ACMSD.'" It is known that the enzyme activities!62)
and gene expression®3¥ are affected by the kind of
dietary protein. Therefore, the enzyme activity catalyz-
ing the reaction of DEHP —> mono(2-ethylhexyl)phtha-
late and/or its mRNA level might be expected to differ
between the gluten and casein diets. It is known that the
amino acid score is higher in casein than in gluten. In the
present experiment, the limiting amino acids were added
to the gluten diet to give the same body weight gain
between the two dietary groups (Fig. 1). The effect of
DEHP on the metabolism of Trp to Nam (Fig. 2 and
Table 2), riboflavin (Fig. 3), pantothenic acid (Fig. 4),
and thiamin (Fig. 5) was significantly different between
the gluten and casein diets. A decreased urinary
excretion of riboflavin, pantothenic acid, and thiamin
generally means an increased requirement of these
vitamins in the body when the intake of these vitamins is
the same. Additionally, increasing the catabolism of
these vitamins by enhancing the drug metabolizing
system could be considered as the reason for decreased
urinary excretion of these vitamins by the DEHP intake.
Te-Hydroxyriboflavin and 8a-hydroxyriboflavin have
been reported as catabolic metabolites of riboflavin,??
although we were not able to confirm the peaks that
corresponded to 7a-hydroxyriboflavin and 8a-hydroxy-
riboflavin in the HPLC data. Hydroxylated compounds
of pantothenic acid and thiamin have not been reported,
so the main reason for the decreased amounts of these
vitamins would be attributable to accentuation of the -
oxidation pathway. In other words, the requirement for
riboflavin, pantothenic acid, and thiamin might be
increased when g-oxidation pathway is accentuated by
the DEHP intake. It could be expected that the necessity
for Nam would rise as well and that the urinary
excretion of Nam and its metabolites would decrease
with accentuation of the S-oxidation pathway when the
intake of Nam was the same and the conversion ratio of
Trp to Nam was also the same. However, the admin-
istration of DEHP significantly increased the formation
of QA by inhibiting the ACMSD activity. This increased
formation resulted in metabolites beyond QA such as
Nam, MNA, 2-Py, and 4-Py. Therefore, the increased
urinary excretion of Nam and its metabolites did not
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Fig. 3. Effect of DEHP on the Urinary Excretion of Riboflavin in Rats Fed with the Gluten or Casein Diet.
Each bar is the mean & SEM for 5 rats; a different superscript letter means significant difference at p < 0.05 as calculated by the Studem—
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Fig. 4. Effect of DEHP on the Urinary Excretion of Pantothenic Acid (PaA) in Rats Fed with the Gluten or Casein Diet.
Each bar is the mean 4 SEM for 5 rats; a different superscript letter means significant difference at p < 0.05 as calculated by the Student-
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Fig. 5. Effect of DEHP on the Urinary Excretion of Thiamin in Rats Fed with the Gluten or Casein Diet.
Each bar is the mean <= SEM for 5 rats; a different superscript letter means significant difference at p < 0.05 as calculated by the Student-
Neumann-Keuls multiple-comparison test. Unfilled column, casein diet group; hatched column, gluten diet group.

mean that the DEHP administration resulted in a lower
need for Nam, because the conversion ratio of Trp to
Nam was significantly increased (Fig. 2). It is likely that
the need for Nam was increased by the DEHP admin-
istration. Therefore, when the toxicity of DEHP is being
discussed, it is necessary to include the increased
requirement of such vitamins as thiamin, riboflavin,
and pantothenic acid. We therefore recommend when
DEHP is being administered that it is necessary to
increase the dietary intake of vitamin B, vitamin B,
and pantothenic acid.
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WEETHZEND T, RERTIROHERIC L Rin
BRWEY I UTHDE, SO, RIFEHRE LT,
EMBHRIC EE A U, ERIFERMEE M MR E 340
S5RTn5, will, Z{OFEFHBIZL T, EBH,
Frld BT 2 MREHEBEEORE ) X 7 DERICHE
BHEIENED STV BY, F7, HEEHEOENE

HRAEALAE & BEE0Y & 2 MM R 7SO I N S i o 32
LT,

RO [FIEE] &, bPRETIIASEY & IBNEE
BXULT, AT220ug/BTH 35, KETIZ 400 ng/
AEa->TwnaMo, s, Mgk L URALE O
i, TNFR200B LU0 pg/HER>T WS, E
BeDBECESN, 1 HM 0 320 ug L EThNIE, M
DREVATA VRNV E—FIZERDOIIENTEL, I
DT Eps, KETIEFEICERZ 140 £g/100 g BN
T2LE5CEEL TS, bHETY, 1HIZ3B0gD
WHELBINT 52 L5 KD Twb, £7-HEADOEEE
e (2005 FfR) T, ZEEEO [HE3EE ] 23240 ug/
g s 'Y, FFE LEEREY Img/HER -7
WEH, THEPAEEBET 2 L IEENEE (FBECERE
) REITIENH D,

ZDEDK, EBOWERREET DI, ZOIR
MERBRFENIET Y RABATLHT9TERL, bt
ETOHLOWT—FOER LB RDON TS, #
T, FRTHEESRABLENRIILT, i8R
200 ug/ HICRE - ToRBHE Y 0B 7FY 2 b &
LTHE2Z, BEBOLWERE Lz, o8, EEISTHHRO
PNAEHET L O MEPH 2L Z Lo, MFHSE
HE S EbE T 7,

* ERSE - BIRIEESRSE (E-mail : watanabe @shse.u-hyogo.ac.jp)

b REEITREREA SRR EEE (670-0092 EHTEHER AR 1-1-12)
PORTEBOE NESTEEE - SIS SRR T (162-8636 BETEITEXF L 1-23-1)
P PEEENTRE AN MSUEEER (522-8533 AR/ UKAT 2500)

¢ RREEERRTOCAT (173-0025 BEERBXKEEEFET 47-11)
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170 HAGKTE - RIBFRHE

7 &

1.0 E3

WEERE L LT, BUE, REOBESZ L, HREEARN
27 POEBIFE L AEEY L OKEED D b, MER
FEEHT, BETHLIEPERTELRALE204
(206111 5%), AR (20411265 Z:ER
L7, MEME BT, —RECFEREHE LT,
FmEk, FRINEK, ~EZOEy, By Ny, TAT
v, A/G, GOT, GPT, y-GTP, 7 v7 ¥ =, &l
g, wavAFu—n, hfERER, HDL-av A7 e—
A, LDL-2 v AFa—n 2R, KEBHMEOZ W
CLEERLTWD, B8, FPGIEENIITBuE AESL
B - ERTEFFRESES B TEARERZY, HR
Hr AR HSHEL, BEL CuiRvne L TEREK
TEERET, ~Vy Yy FEEOBMCH - TThh
LDTH b,

2. BAREE
EEOHMNRBE L LT, RAZEERRELZOD2
B, RABERRE L0 1 EOFH 3EIT> 72, K
A HETIE 20023 B 1 H-2002 43 H 8 HOHIHE &
2003 4E 3 B 4 H-2003 &£ 3 A 11 HOMME, HABET
1200248 B 27 H-2002 £ 9 B 3 H O HARIIC EME L
7o AN 2002 E AN, 2003 EL B LU 2002 5
By Ulo

3. EEEHW

BN OMUE T TSRS OGRS CERE L, RFEE
O—iE R S EE R T T E LIoEY, #E, ER
EEEOE, SR SN 1 HOAY ¥ 2 — Ve lEk
L7z, %Bi!%ﬁ%bi:@x’7°/*l-1v02ﬁéo’(§%§%ﬁ§ﬁlaa‘i¢§
EE LI,

5559% 3% (2006)

4, B =

B, BAKUEARAORBENEROEEEEHTM
BEIL Wz GV, Zoikid 1,800 keal/H, 541 2,300 keal/
4Bz, BEOHERRRLCRLIE I, 88
OERPERE T, REROSFENE-ED LT
EReR AR AL, EFIVBLUIATVOR
SYOERIIE L2 BLIUEICRLILEBITHS, &
B, 2002 EDEE» S, 2003 ELFERBVLTIE, IE
B OGENR-1%) 2RviciEsr, EYIVB, S
3V B, BIUEY I v COEBRERXFERED LS FE
L7,

HEBRERE L, Y5 I VEAY,S1IHERD 200
ug TH BN, NERCEBREYH I ug/100g (FFT

1 CHEREROMER
B4 2002 4 2002 & 2003 4

ok B
INER R -18) (g 315 315 —
H¥A > (g) — — 39.5
INF v (g) 37.3 56 25
54 A (g) 4.8 7 10.1
77zt (g) 16.8 21 13.8
L (g 7.1 8.5 6.2
Z—T (g) 59 8.4 8.9
7oz a—¥E(g) 50 30 50
a—YRY—F (g 33 118 274
77 AN () 0 0.8 3.6
Bl ru—2Aotw -2 (g) 101 14.3 14.4
vy s iRE () 1 1 1
2 37 VEE (2) 12 14.6 18
T N¥E—58 (kcal) 1800 2300 1800

— G, KRN THERYEE=1
4, "FREB -T2 (33250, EF 3 V), K2
BHE, “F IS (Se, Cr, Mo & ERW),

£ 2 b3 REEYOMEK

Css o FREEEs BEE
18-29 (Zri)  18-29 (HB1H) 2002 FEA4E 2002 FEHBH: 2003 F4c

vy A (ug) 540 600 540 600 540
v 3D (ug) 2.5 25 2.5 2.5 2.5
¥ 2> E (mg) 8 10 8 10 8
vy 2K (ug) 55 65 55 65 55
©y 31 B, (mg) 0.8 1.1 0.8 1.1 1.2¢
£ 2B, (mg) 1.0 1.2 1.0 1.2 1.0
4 3 B (mg) 1.2 1.6 1.2 1.6 1.2
vy 32y By, (ug) 2.4 2.4 2.4 2.4 3.6
—aFr7 3K (mgNEP) 13 17 13 17 11.2
Ny bTvE (mg) 5 5 5 5 5
EERE (ug) 200 200 200 200 200
B F (ug) 30 30 30 30 30
£y 22 C (ug) 100 100 100 100 150¢
75 = 2 — (mng) 883 877 883 877 832

CEARYE AR ORERER, *NE: 4 7 v H&, “RERD L5
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BRAC B 2EBROLER 171

£ 3 37 AMESYOHER:

et 4 o % ’ B H
R&® BHE REE EHE
CaHPO,-2H,0 (mg) 1100 Ca (mg) 253 1200 Ca (mg) 280
P (mg) 198 P (mg) 216

CaCO; (mg) 900 Ca (mg) 360 1049 Ca (mg) 420
K,PO, (mg) 2200 K (mg) 631 2124 K (mg) 610
KHCO; (mg) 3500 P (mg) 501 P (mg) 484

K (mg) 1365 3558 K (mg) 1390
MgCl,-6H,0 (mg) 2083 Mg (mg) 250 2594 Mg (mg) 310
FeSO,-7H,0 (mg) 60 Fe (mg) 12 49.8 Fe (mg) 10
MnSO,-4H,0 (mg) 12.2 Mn (mg) 3 17.6 Mn (mg) 4
ZnCl, (mg) 19 Zn (mg) 9.1 22.9 Zn (mg) 11
CuS0,-5H,0 (mg) 6.3 Cu (mg) 1.6 7.1 Cu (mg) 1.8
KI (mg) 0.2 I (mg) 0.153 0.2 I (mg) 0.153
NaCl (mg) 2120 Na (mg) 833 4000 Na (mg) 1575
wER (9 12 14.6

2 Se, Cr, Mo : F&,

HARAREERSE) BTN THE I E2EETS L,

2002 EEHE A DIERIIBIREIZ 1 BE 2D 228 ug/H R
3, F7, EEBEIEEEZ ZHEEHICIE, RENERL
LT, BBy ) XY OBRNFIEZEL LTEEL
T, BETILESH L, EEFIHEESEEL TRESE
RS E (Dietary folate equivalents : DFEs) & LT
EZDE, SEHOERBIUEIZ 2002 £ 5T 368 ug
DFEs/H, 2003 &M T 340 xg DFEs/H &7z 519,

Y I RERIE, REKTHER, KTRAsE, ¥
BHERFH B I =3:4:3&0L7, KSETARRY
PR MAESTOKE L, BRICERS S, FyRn 1
FER#Z 2L Th 5,

5. BEEOBEE

51 B R, $2FK (2002 4 8413 6 B 31 5 1L
R, 2002 LM B & 102003 LM 1 T EEOL 5 L)
2B TR (2002 F5 M0 6 B 30 2 i HEER, 2002
FELMWB & U 2003 AL MIE TE 00 9T HER) £ TO
24 BFRIR 2 FEH U 72, 2002 FE L I3EBR 6 HE O &,
2003 FEA4cE k2002 ESEHIIRBR I AE»S THEET
BHERZ{T->7, o8, 2002 FEEE0 7 HE X, &6
B3 O»5BHD8FEI S TOM, KEkETES
724 HBEUE, 60H (6:30-8:30, 8:30-12: 30,
12 :30-17 130, 17 :30-22:30, 22:30-6:30, 6:30-
8:130) W TERIRL foo BRIE, SRERTIZHTER L, $R
Bl —4°C TKBREL -,

5.2 IM¥E 2002 ELMERRER L 3, S HHOBMARE
HYHG OB 00 430z, 2003 FELidsErl, 3, 5, SHHE
OFAFI OO0, 2002 F B8 1, 3, 5, 8
HE oA ERET 8 I 30 4Rl 21T - 72, $REE I
L, MEPSEEL 7, miFE, —400C THWERT £
THERFL 720

6. ERORIE

MiiE B & URPOERE, LRI CRIEREE TN
L7z, BIEBEEE LT, Centaur 7 SV 37 4 5 4
HF—ACSI180 8 & U IMULIZE 2000 2{EHAL 77,

Yo TNESFFAVA D=V THRBEL, Fo30h
SUFEE X Wiz, STt Uiz, EBOSWICE, 2
BEERY b (DPC- 4 A5 X3ERE-LKF0L) %2{EHL
Tzo AEED B/ HEE X 0.5 ng/mL (1.1 pmol/mL)
THhY, 7N THE L BEREME 577 ng/mL
(131 pmol/mL) Th-o7z, RFOEBIZOVTIE, IF
BEEEELD L 0SEERLR B 20uOT, Mg
R CHIZESRGTITo 7,

7. TIROEIE

¥ 250 uL 42 6.25% bV 7 v o BFEE % 2.0 mL Nz,
BML:%, ERTWSEREL 2, Z0%%, 3,000
rpm T SMELELY, EFEImL 2 b, Wh%x
FEFBARER CRIE L /2,

8. HmETME

EERDF— 2 12 DnTIE, SEOSWE L FI9E 2
#IEZE (means=SD) T#E L7z, F—F OFELEIC
i, #EHY 7 b i StatView (SAS Institutes Inc., Cary)
Ver. 5.0 B Uz 7 v VR (F—x o= AHR, Fr
R ERERLL, FEEs & CREEOER, RS
53 (Two-way repeated ANOVA) T, #hllot
I3—ITCECE 53 8 (One-factor ANOVA) ThE L
120 BT ELHTR, BHEZE % Fisher's PLSD (Protected
least significance test) WX THREL ., »TFhOBEIZ
b, HEKER, BEESRERBERELL, 5%KE
(**p<0.05) & 1%k (**p<0.01) WHTTERL
725
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& ES

MEEBEP KL OB TH S, 2002 Fx
T, SERERRS 2B L T 11.2-13.5 ng/mL (25.4-
305 pmol/mL) Qi H v, EliEFED oo
7ro UL, 2003 FEZCiEc BT, FH9.2-13.5ng/
mL (20.8-30.5 pmol/mL) O®MEIcH D, FHE I
e A ERE A STz, BB 1 HB LN, $XTOH
cHEmrAaSh, SABESHETHEE TH -7,
2002 FEA M L 2003 fEh E OB BEEREERL SN
ot —H, 2002 BT, MEEREIITY
6.9-9.8 ng/mL (15.6-22.2 pmol/mL) O#EPEHwHD, K
B3 HEMBREASERCH D, RER8 HETHERR
W Utre 7o, 2002 B & Aot E OFICIE, EES
ANz

X2, 1AM ORGEBFRES L U7V T F
S THIELRHEEE SR LD TH S, 2003 F
MTIE, RPIEBTHE CERRIEMNARY S5, v
7o EIEETAT L, BEMCEINT 2 EERA S

60
- @~ women2002 25
50 -~~~ women2003*
. 20
- —~
£ o 2
i=3 >~
£ 15 2
T %07 I S G z
] - A ¢ I - g
o 10 .2
& 207 8
T 5
[¢] 0
1 3 5 8
Experimental days
b
80
—@— men2002x 25
g0 -~ women2002 -
’_g 20 .
= 40 2
] ~
£ £
E h]
E 30 s
© £
2 20 2
® ®
ke K
10
0 0
i 3 5 8

Experimental days

1 PEsas 2ERLRAOMBERED
%1k

(a) MITSEEMILE (2002 20 & 2003 F£20M),

*p=0.083, % p<0.05 (FE 1 HE L OE), (b) I
HEREEE Q02FBME 2002 F LW, o=
0.080, T»<0.01, * p<0.1, # p<0.05 (FNFTNHER
IHEBSIUER I HE L OHE),

£59% H 35 (2006)

N (M2b), UL, 2002 EBETIRIZE A EEL
MH DNz,

BRE 200 ug & UTIRPERBBMELZ A5 £, 2002
M T 45+0429%, 2003 E LM TTFHA6E
0.47%, 2002 A2 5.0% GABRG6 HE) Thotz,
2003 FELMETRBRAMCEE R LA S, BB
AE LN, REB6HBCEEREMYNA SN (M
3), L, 2002 FEEETREEED STz,
F 72 2002 EFB M & 2003 ELBEOMICE, ZREAON
oz,

Edaiz, 20020 BB BT sROPERERED R
WNEBET LAELbDTHE, L HEEBLTRERZEL
BH SN, FEHICHOEEER U, ISR
HEODTILBEES N o, 2, JVT I =
ELSEs, BREH2RL, FidhcEwE—7
P2RL (M4b),

SREAHI P OMBHELOTMERLIZDOPERLTD
A, BB LRAMRELLEASRTE T, LL,
2003 FEACHETIE, 2002 EBEE LB LT, HEAaER

a
. 25
— G~ men2002
501 - g3 women2002
«-(r- women2003%% I 20
’% 40 ’%
2 N
3 F 15 =
£ =
£ 307 =
=
3 8
8 Lo S
2 20 2
= 2
= 2
- o
° - =
=10 5
0 ¢
1 2 3 4 5 6 7
Experimental days
b
< ~—&— men2002
=4
‘€ 5 7 -8 - women2002 °
- <
2 -~ - women2003* +20 €
e =
o ©
547 g
g L15
S o3 >
[=]
£ =
S3 F10 2
T 2 ]
s 2
L L
& 1A 5 T
ks 2
[+
i
0 0

Experimental days

o2 PEEAeEPERLLCEAOERERED
Ak

(a) RrpfEr (1 A% D) OHRltE, **p=0.029,
Ep<1, *p<0.05 GREB1HBE OB, () K
REEERAREE (7 L7 F = URHIE) . *p=0.059, Fp<
0.1, #p<0.05 (BB 1 HEE:OHE),
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A BIS

R OLE 173

® 4 MIEE

. ) iiikith Ay -3t
m*%if?ﬁﬂ 2002 fEAlE 2002 FEB M 2003 4
nmol/mL ug/mL nmol/mL ug/mL nmol/mL pg/mL
t
t ‘
1 13.1+£2.2 0.9+0.1 13614 0.9+0.1 12617 0.8+0.1
3 12.9+1.7 0.8%0.1 13.841.6 0.9+0.1 12.0+1.2 0.8%£0.1
5 e 13.4+1.3 0.9=x0.1 11.7+14 0.840.1
8 129415 0.840.1 13.24+1.7 0.90.1 114+1.4 0.7+0.1
— :nd, Tp=0.003.
12 a
—&— men2002
10 w -+ viomen2002 L 50
_‘g O - women2003 ¥ —@— men2002+x F o
2] ' o] z
e 6 - 330 £
2 5 b
2 i T 10 ¥
e e s
- -
4] o a0
1 2 3 4 5 6 7 0 6 12 18 24 30 36
Experimental days b Time of day (h)

B 3 PREARMPERUICERAOERHER (8
B 200 pg & LI23GE

*p=0.029, ‘p<0.1, #¥p<0.05 EBIHEHED
H#) .

WH SN,
= =

BEEGEROEINEICOVT, IhE TOHESNL
KEHEE T, FW-EHP ILTFEEERELT
BYHBIURRFAE » &, BEHERE LT 190.6 pg/H
T, FrE&E (Recommended Dietary Allowance : RDA)
(200 g/ H) ST BFRRIFZ 402%TH B EREL T
W, BEEDL 200 pg IR L RIE TR, MEERERTI
FELEENTEOONLTVWS, IOHRIE, £70FD
DNFCS#H#E (1992 4F) OB L —HL T 313, 1-
RHENGRE LRSI R» S EH L 7 ZEEE
B 189 ug/ATH B, 7YX b EBRLTWVS
B3 ug/BEBETH B, 295, RDA (200 pg/
H) Wkt d 2R ERE, BLFRFNI2%B XU 54%
THb, A (0-655) 2NRICLI-FEETH,
BE» o OERBERE B 232 pg/H, M 186 xg/
HeBaERALNTWS,

oM T EIR BT 2 HEEE 120408
BT T, ERREIEI TS 447 pg/ B TEHE
ErHaonTwniy, BaERBEEShTuRy GRRE

HEIEeE T3 ug/HT, FRIEELTE

5

=@ men2002%*

o [ >
s '
T
o

Total folic acid (ug/g Creatinine/term}

Total folic acid (i mol/mol Creatinine/term)

o
o

Time of day (h)
B4 pCASEM (2002 4F) OFRPEEREHNEE)
(a) FREVEEERFRME (BAIFEMN7-0) OHRWNE
B, **p=0.020, *p<001GE 1 BHDLE),
(b RHPERBRBE (v 7F=vi) OBRE
B, **p=0.041, *p<0.1, ¥ p<0.01 (B 1 HEH &
D) o

#)o R I3FEEOERFEREE T, EBOER
, ik
TEETH 2, TTEEENRIToLEEHET
b, ERENEEAITRSREAOIEE I 334 g/
Hezows LT, XEOESETIE 197 pg/H R
B9, TOXSCEBBRENSETH SN, IEH
ARFEESTRICBH N TV IERENG - LI
L HURESE SR SN TWw 5B, 28, K[E Framingham
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174 HARE - BRFEEEE

PEDEEE (67-905%) Tl&, HEREIRED 253 ug/H
IFTRMERT Y AT A VRENERIEBMT 5 L0
WERHD, LRSS, REVATA VIBEREE
14 ymol/L LT TH 270, I DHREREL S, 8
RanTw2REEEROEBINEE, 1 4720 200-300
ug ThH, BYENHERAEORRE, BRREERELT
BH SN FEERELCEORERE, 250ug/HEENT
VBB,

AR B LTI, EHELERER I HH2D 200
ug Th B0, FREEEROEE L 2o T 3/NEYR
S5gwEEnd 8ug bEASLTWE2D, RERE
228 ug ko Twd, TORER LIER, INFE
BEITBELE b T R TCEEENC D>, ZHRAT
W, RERIRIGINC B VT, BRE & R ATEE M
Maonzd, BERATRSERHCEERRINLS
Nize ElRPEBIERECELEZIRD SN Lr o7
2, T TIEHEBRERICERREIINREE SN, B
HrRERIEE TR as R E R0k, 20X D
7, SEOEBREEICO>VTIE, BETERFRELTY
BEIREMEN ® 228, W TRLEE RS LTy
3, LEZbhB, £, KHEEBVLTE, 200248 L
2003 ETIBEERE & 20%l, ROEREHESD X
UHEMER I HE S A S NB D 0T, IO & IR
B200 ug & 228 ug WERNBWI EERLTWS,

BB ORER L5 L, KEBWTIE, MEE
BT <6.8 nmol/L, FRIMIKREE Tk <362 nmol/L,
B O R E Y AT A > TR >16 umol/L M3 EEHEE
FLTHWSRTWAY, Lxrliads, fhoEks,
T, FEVATAYOTREELT, 28XV 14
umol/L FHINTWVE, INSOBEOHRT, Th
T LS T & 720 ORIMFEELV LV TH
Lo HLDH/T -7, MIRE(LFIEEREE LT
HoshTws, EEITET S &, MFERLY VS
ETH+2rebic, REVATAVOERT S, 20K
DMEREY AT A Y U_AUREL LD, RBEDkEy
AT A VHRNE L BB, INEDIEMLS, FEVA
FAVIBEEORWIBETHL I LHREANTWVL 5,
CMEBREYRAT A LNV, MEERL LD L0
REBOEBINE L EERD DL EOREVH L, LR E
YRFA Vi, BERTEA B = A LIERHETH 525,
BRI LA R MR EHEEEOBZR L b o T 3Y,
IOV, REVATA CEREBLEROEEL L TE
2222k, BIEABRIMCES LT, EECEMY
SBETHL, LPLEMNS, REVATA V- AFF =
VREERBICB LTI, BEREUACOEYI BB L
VS 2y B idbboTndizd, In6DOES 32
DI Bb—DTHRELT VR E, REVATA VI
MEBlenELonb, JOLIRIENS, EBOD
DWEBEREZ ZBEITE, FEVATA DA THZM
BEBLALLERLT, FHET2LESD 5,

259 %

# 3% (2006)

HEOBEENEEDEETE, EROVHLERIT
MBERE L ~L, ROBREREE, MERTrXT7A
WEE, MRS GRIDEREL FEFRIMEREL, SRR
BRERE, ~< M2V ME, ~NESuC U RE) b
HHEICHRBTE 2RBLED TS, bBEOEN
RUEOHFEECAEENELOWBEREDORETH»S
NIAREME, BEEOS  OmEEHEICL Tnwd,

E b RRRE L TEBOLER SR L AR
XELT, EESOHMBED T, dfFH2, Thed
v BT, BERROER CERY ) A0 EF]
HLT, BE%1T->7T w5, Milne et al.® ¥, RASE
40 22 W R ICRBIE CREMIERE (200 xg/H) O
WEPRCWDB, JOER, EEBEOZELE, R
BB OEBORBIKREL TN, DD, MIEER
25810 ng/mL T Thhid, BB X - TERL L
ORI H SN h T, CDEIRIEMPS, BRO
HERE L AL R R A D2, 200 xg/H (150-250
ug/H) D EOEBERMONE, +92LDTHS,
OYBETE, EEPAAERCEBLINLTHWEVLDT, I0
F— 5 Gh B CERORBIIEELEER 2D E
HRMRTH D,

BELY 7Y A OBEAEDEEFALZbOEL
T, O'Keefe et al 2 1%, AT EERSE (30 ug/
) OB LRy Y A2 b 200, 300, 400 ug/H %
70 S5 2T, EBOLEEERBEL TV 5, MED
BWREL NV E A DS E, RERBIAEICIS, 200 ug BET
BHEBCHD LI, 400 ug BCIER L /2,
FRMEREFE R IC DWW T H, AEBBHRRFICIN, 300 ug
B & U400 pg BETIREANL 7228, 200 g BETIREAL
2o —F, BB TEOMFEREYAT A YEIZDWNT
1Z, 300 ug BES 400 pg BE & LN 200 pg HECTH B W
MU 7. 200 g BETIRIMBER T AT 4 ¥ & MEEPHR
MEROER L~ & OFICEORES A s, IO
B o0 BULTIE, EEE200 g OBIET
1, EMRERERTLL-DRTTSTHDL, LR
LTwd, KEIBU2AEENEEDKRE LT
3, COBRIFEEELSTVS,

ZDEd, EEERZIREIC UK, SEREOEEY
BN S ¥ TLHEREPRFT 2 RZ-HFMEARE T 28
423% 2, Sauberlich ef e/ i, WAL 10 L% 38
WA CREIE T 92 BIRIMRET Uiz, &7 28 HEEEER
SEPERLE, SERECERSERPERL, @
#E L URIMBREOEBOELEFH Iz, KEREER
T2 L MR 60% % THA T %, L0, KABH
e ERE 200 pg FIERYT 5 & MAFZERS 3FAE 3, 300
ug TEb TN EET B, UL, IASORE
TH, RIMFREBRIEA LT 2, L0l
5, WMALHOEBERE T 200-250 ug/H LHEES I
%, Jacob et al® i3, WABME 10 £2HRCRBMET
RSB rESY ) AL R E LT, EBLERY
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