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Thara H, Hashizume N (2004) The values of
water-soluble vitamins in blood and urine
of Japanese young men and women fed on
a semi-purified diet followed by the

Table 1.

Japanese Dietary Reference Intakes. J Nutr
Sci Vitaminol 50: in press.

Table 2. Characteristics of the Subjects.

Subjects Age (Yr) Height (cm)  Body weight (kg) BMI
Female 1 21 161.0 50.0 19.29
Female 2 21 161.0 52.5 20.25
Female 3 21 162.0 46.0 17.53
Female 4 28 168.0 55.0 19.49
Female 5 22 154.0 48.0 20.24
Female 6 21 160.5 53.0 20.57
Female 7 21 165.0 52.5 19.28
Mean 22.14 161.3 51.0 19.52
SD 2.61 43 3.2 1.02
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Table 3. The Composition of the Diet 1.

Breakfast Lunch Dinner Total

Energy (kcal) 402 689 617 1784
Protein (g) 19.5 23.8 25.2 68.6
Fat (g) 15.7 25.5 9.6 50.8
carbohydrates (g) 46.0 85.8 104.4 248.8
Fat-soluble vitamins
Vitamin A (ug) 150 309 419 878
Vitamin D (pg) 1 0 2 3
Vitamin E (mg) 1.1 2.1 2.4 5.6
Vitamin K (pg) 8 204 98 311
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.17 0.07 0.59
Vitamin B, (img as riboflavin) 0.47 0.20 0.25 0.92
Vitamin B¢ (mg as pyridoxine) 0.20 0.36 0.68 1.24
Niacin equivalent’(mg) 3.45 8.42 18.48 30.35
Pantothenic acid (mg) 1.97 4.21 3.14 9.32
Vitamin C (mg as L-ascorbic acid) 34 34 50 118
Minerals
Na (mg) 794 1175 850 2845
K (mg) 592 601 625 1993
Ca (mg) 249 142 85 479
Mg (mg) 47 71 74 192
P (mg) 380 293 317 1071
Fe (mg) 0.8 3.4 2.6 6.7
Zn (mg) 1.8 3.7 2.5 8.0
Cu (mg) 0.15 0.44 0.43 1.02

'Water-soluble vitamins are measured. Other nutrients are calculated by using the Standard Tables of
Food Composition in Japan, Fifth revised edition -2000-, Resources Council, Science and Technology
Agency, Japan.

*The niacin equivalentt intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 4. The Composition of the Diet 2.

Breakfast Lunch Dinner Total

Energy (kcal) 463 549 606 1693
Protein (g) 19.6 21.4 20.5 61.5
Fat (g) 223 12.8 10.0 45.0
carbohydrates (g) 46.1 85.6 105.5 249.8
Fat-soluble vitamins
Vitamin A (ug) 294 144 444 882
Vitamin D (pg) 1 0 0 1
Vitamin E (mg) 2.7 0.6 2.9 6.2
Vitamin K (pg) 12 98 100 210
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.09 0.02 0.46
Vitamin B, (img as riboflavin) 0.47 0.18 0.17 0.81
Vitamin B¢ (mg as pyridoxine) 0.20 0.35 0.31 0.86
Niacin equivalent’(mg) 7.04 8.08 9.67 24.79
Pantothenic acid (mg) 1.97 3.73 3.55 9.25
Vitamin C (mg as L-ascorbic acid) 34 25 53 112
Minerals
Na (mg) 833 1237 1080 3177
K (mg) 594 851 615 2235
Ca (mg) 250 173 96 523
Mg (mg) 47 113 96 257
P (mg) 381 253 317 1032
Fe (mg) 0.8 6.2 3.2 10.2
Zn (mg) 1.9 2.8 4.2 8.9
Cu (mg) 0.15 0.33 0.47 0.95

'Water-soluble vitamins are measured. Other nutrients are calculated by using the Standard Tables of
Food Composition in Japan, Fifth revised edition -2000-, Resources Council, Science and Technology
Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 5. The Values of Mean, SD, SEM, and CV of Water-soluble Vitamins in Urine of Japanese
College Women Students Fed on an Ordinary Diet.

Mean SbD SEM ¢V
Total thiamin (nmol/day) 283 68.9 26.1 24.4
Total riboflavin (nmol/day) 248 102 38.5 41.0
Pyridoxic acid (umol/day) 3.44 0.73 0.28 213
Sum (MNA+2-Py;4-Py) (umol/day) 83.6 12.0 4.53 14.3
Total PaA (umol/day) 15.0 3.16 1.19 21.0
Ascorbic acid (umol/day) 239 53.0 20.0 22.2

'CVis expressed as %.
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| Day 1 | Day 2 | Day 3 | Day 4 Day 5 |
‘ Diet 1 ‘ Diet 2 ‘ Diet 1 ‘ Diet 2 ‘ ‘
Luimecollection J
2nd Urine 1st Urine

Subjects: college students (7 women, aged from 21-28 years olds)

Diet: Normal diets were fed on the subjects

Collected materials: urine

Analyzed compounds: water-soluble vitamins .

Experimental days: 5 days, the day begins 07:00 and ends the next 07:00.

Fig. 1. The Scheme of the Experimental Design.
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Fig. 2. Urinary Excretions of Thiamin, Riboflavin, PIC, Sum of the niacin catabolites, Pantothenic Acid,
and Ascorbic Acid in Japanese Females.

The heavy line in each graph indicates the reference value. Thiamin, >333 nmol/day; riboflavin, >319
nmol/day; PIC, >3.0pumol/day; Sum of the niacin catabolites, >50pmol/day; ascorbic acid, >90umol/day.
Closed circles are above the reference value and open circles are below the reference value.
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Fig. 7 0.78 mg/

3.9
Fig. 8 0.10
mg/ 33
. C
Fig. 9 C 19 16 1 22
mg/ 1.9
Table 4
C b
190 mg/
C
B
3 1. Levine M, Conry-Cantilena C, Wang Y, Welch
RW, Washko PW, Dhariwal KR, park JB, Lazarev
A, Graumlich JF, King J, Cantilena LR (1996)
Vitamin C pharmacokinetics in healthy volunteers:
evidence for a recommended dietary allowance.
Proc Natl Sci USA 93:3704-9.
Table 1. Characteristics of the Subjects.
Subjects Age (Yr) Height (cm)  Body weight (kg) BMI
Female 1 21 161.0 50.0 19.29
Female 2 21 161.0 52.5 20.25
Female 3 21 162.0 46.0 17.53
Female 4 21 160.7 53.0 20.52
Female 5 21 160.5 53.0 20.57
Female 6 21 165.0 52.5 19.28
Mean 21.0 161.7 51.2 19.57
SEM 0.0 0.6 1.1 0.46
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Table 2. The Composition of the Diet 1.

Breakfast Lunch Dinner Total

Energy (kcal) 402 689 617 1784
Protein (g) 19.5 23.8 25.2 68.6
Fat (g) 15.7 25.5 9.6 50.8
carbohydrates (g) 46.0 85.8 104.4 248.8
Fat-soluble vitamins
Vitamin A (ug) 150 309 419 878
Vitamin D (pg) 1 0 2 3
Vitamin E (mg) 1.1 2.1 2.4 5.6
Vitamin K (pg) 8 204 98 311
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.17 0.07 0.59
Vitamin B, (img as riboflavin) 0.47 0.20 0.25 0.92
Vitamin B¢ (mg as pyridoxine) 0.20 0.36 0.68 1.24
Vitamin By, (ug as cyanocobalamin) 0.7 0.5 6.2 7.4
Niacin equivalent’(mg) 7.04 8.42 14.89 30.35
Pantothenic acid (mg) 1.97 4.21 3.14 9.32
Folic acid (pg as pteroil monoglutamic acid) 52 134 44 230
Biotin (ug) 21 20 26 67
Vitamin C (mg as L-ascorbic acid) 34 34 50 118
Minerals
Na (mg) 794 1175 850 2845
K (mg) 592 601 625 1993
Ca (mg) 249 142 85 479
Mg (mg) 47 71 74 192
P (mg) 380 293 317 1071
Fe (mg) 0.8 34 2.6 6.7
Zn (mg) 1.8 3.7 2.5 8.0
Cu (mg) 0.15 0.44 0.43 1.02

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 3. The Composition of the Diet 2.

Breakfast Lunch Dinner Total

Energy (kcal) 463 549 606 1693
Protein (g) 19.6 21.4 20.5 61.5
Fat (g) 223 12.8 10.0 45.0
carbohydrates (g) 46.1 85.6 105.5 249.8
Fat-soluble vitamins
Vitamin A (ug) 294 144 444 882
Vitamin D (pg) 1 0 0 1
Vitamin E (mg) 2.7 0.6 2.9 6.2
Vitamin K (pg) 12 98 100 210
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.09 0.02 0.46
Vitamin B, (img as riboflavin) 0.47 0.18 0.17 0.81
Vitamin B¢ (mg as pyridoxine) 0.20 0.35 0.31 0.86
Vitamin By, (ug as cyanocobalamin) 0.7 0.3 10.3 11.3
Niacin equivalent’(mg) 7.04 8.08 9.67 24.79
Pantothenic acid (mg) 1.97 3.73 3.55 9.25
Folic acid (pg as pteroil monoglutamic acid) 52 125 105 282
Biotin (ug) 21 12 20 53
Vitamin C (mg as L-ascorbic acid) 34 25 53 112
Minerals
Na (mg) 833 1237 1080 3177
K (mg) 594 851 615 2235
Ca (mg) 250 173 96 523
Mg (mg) 47 113 96 257
P (mg) 381 253 317 1032
Fe (mg) 0.8 6.2 3.2 10.2
Zn (mg) 1.9 2.8 4.2 8.9
Cu (mg) 0.15 0.33 0.47 0.95

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 4. A Comparison of the Values between the 6th Revised Japanese Recommended Dietary
Allowances (RDA) and the Saturated Points obtained from the Present Data.

Japanese RDA

Vitamins (llgerzr;a;eéars o) Saturated point §2§E:7;:§anese RDA
Vitamin B, 0.42 mg/1000 kcal 1.2 mg/1000 kcal 2.9
Vitamin B, 0.48 mg/1000 kcal 2.2 mg/1000 kcal 4.6
Vitamin Bg* 0.017 mg/g protein 0.066 mg/g protein 3.7
Niacin 6.3 mg/1000 kcal 34.5 mg/1000 kcal 5.5
Pantothenic acid 5 mg/day 24 mg/day 4.8
Folic acid 0.2 mg/day 0.78 mg/day 3.9
Biotin 0.03 mg/day 0.10 mg/day 33
Vitamin C 100 mg/day 190 mg/day 1.9

*Pyridoxine was given to the subjects, so the bioavailability of 0.75 was not considered (EAR = 0.014
mg/g protein. RDA = EAR (0.014)
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4th week ‘ ‘ ‘ ‘

Fig. 1. The Scheme of the Study Design

The subjects were fed the diet shown in Tables 1 (diet 1) and 2 (diet 2) followed as in the Figure.
The administration amount in each week was divided into 3:4:3 in breakfast:lunch:supper. Urine
samples (around 07:00 on Day 4-07:00 on Day 5) were collected and the collected samples were
immediately treated as shown in "Materials and Methods". After the urine collection had been finished,
the subjects were taken free diet on Day 5-Day 7 on each week. "The vitamin mixtures 1 (The objected
amount of each water-soluble vitamin was 1-fold for the respective RDA. The following values were
chemically measured.)" contains 0.56 mg of thiamin, 0.92 mg of riboflavin, 0.96 mg of pyridoxine, 9.2
mg of nicotinamide, 4.77 mg of pantothenic acid, 0.205 mg of folic acid, 0.026 mg of biotin, and 98 mg
of ascorbic acid. "The vitamin mixtures 2 (The objected amount of each water-soluble vitamin was
3-folds for the respective RDA. The following values were chemically measured.)" contains 1.78 mg of
thiamin, 2.95 mg of riboflavin, 3.21 mg of pyridoxine, 36.4 mg of nicotinamide, 4.77 mg of pantothenic
acid, 0.530 mg of folic acid, 0.084 mg of biotin, and 296 mg of ascorbic acid. "The vitamin mixtures 3
(The objected amount of each water-soluble vitamin was 6-folds for the respective RDA. The following
values were chemically measured.)" contains 3.89 mg of thiamin, 5.74 mg of riboflavin, 6.61 mg of
pyridoxine, 67.4 mg of nicotinamide, 4.77 mg of pantothenic acid, 1.34 mg of folic acid, 0.182 mg of

biotin, and 600 mg of ascorbic acid.

121




c 8000

I=

8

= 6000

"'6 ~—~

5 % 4000

T2

5

$ S 20007 8 umol/day
- (2.1 mg/day)
£ 0 T ]
-) 1 10 100

Thiamin intake (umol/day)

Fig. 2. The Relationships of Vitamin B; (Thiamin) Intakes and the Urinary Excretion of Vitamin B,
(Thiamin).

< 8000

3

B 6000 -

=

S

C % 4000

o T

D ©

5 E 2000 10 pumol/day
X C

ﬂ; ~ (3.76 mg/day)
a 0 T ]

E 1 10 100

-]

Riboflavin intak e (umol/day)

Fig. 3. The Relationships of Vitamin B, (Riboflavin) Intakes and the Urinary Excretion of Vitamin B,
(Riboflavin).

122



30
O 5
a
S _ 20
& &
2 T 15
5 2
5;{ = 10 25.2 umol/day
ol 57 (4.3 mg/day)
c
'z ]
0 T 1
= 1 10 100

Pyridoxineintake (umol/day)

Fig. 4. The Relationships of Vitamin B¢ (Pyridoxine) Intakes and the Urinary Excretion of 4-Pyridoxic
acid (Vitamin B6 catabolite).

-

500 pumol/day
(60 mg/day)

Urinary excretion of Sum
(umol/day)

100 1000
NE intak e(umol/day)

Fig. 5. The Relationships of Niacin-equivalent (Nicotinamide) Intakes and the Urinary Excretion of
Sum of MNA, 2-Py and 4-Py (Nicotinamide catabolites).

123



80
.
i
o
Y— 60
o
c
2o ~
T & 407
S B
$ 110 pmol/day
> E 24 mg/d
E? (24 mg/day)
k=
- 0 .
10 100 1000

PaA intake (umol/day)

Fig. 6. The Relationships of Pantothenic Acid Intakes and the Urinary Excretion of Pantothenic Acid.

200
=
‘% 150
2
S
§= 7
55
g2 50 1780 nmol/day
>E (0.78 mg/day)
g 0 T |I
= 100 1000 10000
D

Folic acid intake (nmol/day)

Fig. 7. The Relationships of Folic Acid Intakes and the Urinary Excretion of Folic Acid.

124



400

=

S

ro) 300 -~

G

% 200

o)

K

D g 10 405 nmol/day
S5 (0.1 mg/day)
< o , .
-) 100 1000

Biotin intake (nmol/day)

Fig. 8. The Relationships of Biotin Intakes and the Urinary Excretion of Biotin.

5000
I
ke
C ~—~ 3000
o >
5B 2007
& E
>3 100- 1080 mmol/day
® (190 mg/day)
= 0 T ]
= 100 1000 10000

ASA intake (umol/day)

Fig. 9. The Relationships of Ascorbic Acid Intakes and the Urinary Excretion of Ascorbic Acid.

125



15

B
12 4
B 4 1 B
1 5 7
B
2 1 4
B 4 1 B
2 B, A=
( 2 B, - 1 B, /B
B1 B= 1 B1 / B] (%) = (B /
A)x100
B,  67+20% +SD,n=6
B, 64+16% Bs 73+5% 67+£19% 69+11%
2
Table 2 Table 3
B, 7
B
Fig. 1
1 4
4 24
B Datal) 5
2
2 4 24
Data 2
24
B, B Bs
Table 1
9ml 1 mol/L HCI -20

126




—20 80%

Table 5
B, 69+11% 51%
B, 78%
B Bs
B,
75%
Bs 4- 50% (1)
B Bz Bi2
4-
B, 50%
MNA 2-Py 4-Py 2
MNA 2-Py 4-Py
B
Data 1 B,
Data 2 C
Table 4
Data 3 Table 4
1
mg
I mg
Table 5
B,
A =Data 1 B, umol/day
B, mg/day
B = Data 3 B, pmol/day
B, mg/day
A B x100
+SD
67+20% 42%
87%
B,
Table 5
64+16% 41%
90%
B
Table 5 1. Tarr JB, Tamura T, Stokstad ELR (1981)
734+5% 66% Availability of vitamin B¢ and pantohtenate in an
80% average Americal diet in man. Am J Clin Nutr
34:1328-37.
Table 5 2. Heyssel.RM., Bozian RC, Darby WIJ, Bell MC
(1966) Vitamin B, turnover in man. The
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foodstuff by man and estimates of minimal daily requirements. Am J Clin Nutr 18: 176-84.

Table 1. Characteristics of the Subjects.

Subjects Age (Yr) Height (cm)  Body weight (kg) BMI
Female 1 21 161.0 50.0 19.29
Female 2 21 161.0 52.5 20.25
Female 3 21 162.0 46.0 17.53
Female 4 21 160.7 53.0 20.52
Female 5 21 160.5 53.0 20.57
Female 6 21 165.0 52.5 19.28

Mean 21.0 161.7 51.2 19.57

SEM 0.0 0.6 1.1 0.46
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Table 2. The Composition of the Diet 1.

Breakfast Lunch Dinner Total

Energy (kcal) 402 689 617 1784
Protein (g) 19.5 23.8 25.2 68.6
Fat (g) 15.7 25.5 9.6 50.8
Carbohydrates (g) 46.0 85.8 104.4 248.8
Fat-soluble vitamins
Vitamin A (ug) 150 309 419 878
Vitamin D (pg) 1 0 2 3
Vitamin E (mg) 1.1 2.1 2.4 5.6
Vitamin K (pg) 8 204 98 311
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.17 0.07 0.59
Vitamin B, (img as riboflavin) 0.47 0.20 0.25 0.92
Vitamin B¢ (mg as pyridoxine) 0.20 0.36 0.68 1.24
Vitamin By, (ug as cyanocobalamin) 0.7 0.5 6.2 7.4
Niacin equivalent’(mg) 7.04 8.42 14.89 30.35
Pantothenic acid (mg) 1.97 4.21 3.14 9.32
Folic acid (pg as pteroil monoglutamic acid) 52 134 44 230
Biotin (ug) 21 20 26 67
Vitamin C (mg as L-ascorbic acid) 34 34 50 118
Minerals
Na (mg) 794 1175 850 2845
K (mg) 592 601 625 1993
Ca (mg) 249 142 85 479
Mg (mg) 47 71 74 192
P (mg) 380 293 317 1071
Fe (mg) 0.8 34 2.6 6.7
Zn (mg) 1.8 3.7 2.5 8.0
Cu (mg) 0.15 0.44 0.43 1.02

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 3. The Composition of the Diet 2.

Breakfast Lunch Dinner Total

Energy (kcal) 463 549 606 1693
Protein (g) 19.6 21.4 20.5 61.5
Fat (g) 223 12.8 10.0 45.0
Carbohydrates (g) 46.1 85.6 105.5 249.8
Fat-soluble vitamins
Vitamin A (ug) 294 144 444 882
Vitamin D (pg) 1 0 0 1
Vitamin E (mg) 2.7 0.6 2.9 6.2
Vitamin K (pg) 12 98 100 210
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.09 0.02 0.46
Vitamin B, (img as riboflavin) 0.47 0.18 0.17 0.81
Vitamin B¢ (mg as pyridoxine) 0.20 0.35 0.31 0.86
Vitamin By, (ug as cyanocobalamin) 0.7 0.3 10.3 11.3
Niacin equivalent’(mg) 7.04 8.08 9.67 24.79
Pantothenic acid (mg) 1.97 3.73 3.55 9.25
Folic acid (pg as pteroil monoglutamic acid) 52 125 105 282
Biotin (ug) 21 12 20 53
Vitamin C (mg as L-ascorbic acid) 34 25 53 112
Minerals
Na (mg) 833 1237 1080 3177
K (mg) 594 851 615 2235
Ca (mg) 250 173 96 523
Mg (mg) 47 113 96 257
P (mg) 381 253 317 1032
Fe (mg) 0.8 6.2 3.2 10.2
Zn (mg) 1.9 2.8 4.2 8.9
Cu (mg) 0.15 0.33 0.47 0.95

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 4. The Comparison of the Values between Urinary Excretions of Vitamins when the subjects are
fed on a diet only and when on a diet and vitamin mixtures.

Urinary excretion of

Urinary excretion of

Urinary excretion of

Vitamins Vitamins Vitamins Vitamins
(umol/day) (umol/day) (umol/day)
Data 1 Data 2 Data 3
Thiamin 0.288 +0.074 0.780 +0.176 0.492 +0.149
Riboflavin 0.283 +0.072 0.758 £ 0.165 0.475+0.115
Pyridoxine 3.435 +0.409 7.750 + 0.652 4315+ 0.256
Nicotinamide 85.617 +10.848 131.612 + 16.568 45.995 +15.202

Pantothenic acid 14.555 +1.982

25.742 +4.848 11.187 +3.149

o Dietary vitamin intake Added Sy n.thesmed
Vitamins (mg/day) vitamin intake
gy (mg/day)
Thiamin 0.52 0.56 -
Riboflavin 0.87 0.92 -
Pyridoxine 1.05 0.96 -
Nicotinamide 27.6 9.2 -
Pantothenic acid 9.30 4.79 -

Data 1: The values are urinary excretions of vitamins when only the diet is fed to the subjects.
Data 2: The values are urinary excretions of vitamins when the diet and vitamin mixtures are fed to the

subjects.
Data 3: The values are calculated "Data 2" -
Values are means + SD for 6 subjects.

"Data 1".
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Table 5. Bioavailability of B-Vitamins in some foods.

Urinary excretion/mg

Increased urinary
excretion/mg vitamin

Vitamins vitamin intake* intake** Bioavailability
(umol/mg dietary (umol/mg added (%)
vitamin intake) synthesized vitamin
intake)

Thiamin 0.554 +0.142 0.879 + 0.267 67 +20
Riboflavin 0.326 + 0.083 0.516 £ 0.125 64+ 16
Pyridoxine 3.271 +0.389 4.495 +0.267 72 +5

Nicotinamide 3.102+£0.393 4.998 +1.652 67+19
Pantothenic acid 1.565 +0.213 2.335 +0.657 69+11

*The values are calculated as follows: Data 1 (umol/day)/dietary vitamin intake (mg/day).
**The values are calculated as follows: Data 3 (umol/day)/added synthesized vitamin intake (mg/day).
Values are means + SD for 6 subjects.

Day 1 Day 2
1st week | o [ 0w

Day 3 ‘ Day 4 Day 5 Day 6

Diet 1 Diet 2 Freediet +V. mix. 1| Freediet +V.mix. 1 |Freediet +V. mix. 1

Luirneco\\ecuon J

Day 7 ‘

2nd Urine 1st Urine
Day 1 Day 2 Day 3 Day 4 Day 5
‘ Diet1+V.mix.1 | Diet 2+ V. mix. 1 ‘ Diet 1+ V. mix. 1 Diet 2+ V. mix. 1 | Endof theexperiment

2nd week ‘ ‘ ‘

T»U\mecolledion J

2nd Urine 1st Urine

Fig. 1. Study Design
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Table 1. Characteristics of the Subjects.

Subjects Age (Yr) Height (cm)  Body weight (kg) BMI
Woman 1 21 161.0 50.0 19.29
Woman 2 21 161.0 52.5 20.25
Woman 3 21 162.0 46.0 17.53
Woman 4 21 160.7 53.0 20.52
Woman 5 21 160.5 53.0 20.57
Woman 6 21 165.0 52.5 19.28
Mean 21.00 161.7 51.17 19.57
SD 0.00 1.7 2.80 1.16
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Table 2. The Composition of the Diet 1.

Breakfast Lunch Dinner Total

Energy (kcal) 402 689 617 1784
Protein (g) 19.5 23.8 25.2 68.6
Fat (g) 15.7 25.5 9.6 50.8
carbohydrates (g) 46.0 85.8 104.4 248.8
Fat-soluble vitamins
Vitamin A (ug) 150 309 419 878
Vitamin D (pg) 1 0 2 3
Vitamin E (mg) 1.1 2.1 2.4 5.6
Vitamin K (pg) 8 204 98 311
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.17 0.07 0.59
Vitamin B, (img as riboflavin) 0.47 0.20 0.25 0.92
Vitamin B¢ (mg as pyridoxine) 020 0.36 0.68 1.24
Vitamin By, (ug as cyanocobalamin) 0.7 0.5 6.2 7.4
Niacin equivalent’(mg) 345 8.42 18.48 30.35
Pantothenic acid (mg) 1.97 4.21 3.14 9.32
Folic acid (pg as pteroil monoglutamic acid) 52 134 44 230
Biotin (pg)
Vitamin C (mg as L-ascorbic acid) 34 34 50 118
Minerals
Na (mg) 794 1175 850 2845
K (mg) 592 601 625 1993
Ca (mg) 249 142 85 479
Mg (mg) 47 71 74 192
P (mg) 380 293 317 1071
Fe (mg) 0.8 34 2.6 6.7
Zn (mg) 1.8 3.7 2.5 8.0
Cu (mg) 0.15 0.44 0.43 1.02

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 3. The Composition of the Diet 2.

Breakfast Lunch Dinner Total

Energy (kcal) 463 549 606 1693
Protein (g) 19.6 21.4 20.5 61.5
Fat (g) 223 12.8 10.0 45.0
carbohydrates (g) 46.1 85.6 105.5 249.8
Fat-soluble vitamins
Vitamin A (ug) 294 144 444 882
Vitamin D (pg) 1 0 0 1
Vitamin E (mg) 2.7 0.6 2.9 6.2
Vitamin K (pg) 12 98 100 210
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.09 0.02 0.46
Vitamin B, (img as riboflavin) 0.47 0.18 0.17 0.81
Vitamin B¢ (mg as pyridoxine) 0.20 0.35 0.31 0.86
Vitamin By, (ug as cyanocobalamin) 0.7 0.3 10.3 11.3
Niacin equivalent’(mg) 7.04 8.08 9.67 24.79
Pantothenic acid (mg) 1.97 3.73 3.55 9.25
Folic acid (pg as pteroil monoglutamic acid) 52 125 105 282
Biotin (pg)
Vitamin C (mg as L-ascorbic acid) 34 25 53 112
Minerals
Na (mg) 833 1237 1080 3177
K (mg) 594 851 615 2235
Ca (mg) 250 173 96 523
Mg (mg) 47 113 96 257
P (mg) 381 253 317 1032
Fe (mg) 0.8 6.2 3.2 10.2
Zn (mg) 1.9 2.8 4.2 8.9
Cu (mg) 0.15 0.33 0.47 0.95

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
13 W%k ‘ Diet 1 ‘ Diet 2 ‘ Diet 1 ‘ Diet 2 Freediet + 89 pmol Nam | Freediet +89pmol Nam | Freediet +89pmol Nam
LU\rnecollecﬂon J
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Day 3 Day 4 Day 5 Day 6 Day 7

‘ Day 1 ‘ Day 2

Diet 1+89pmol Nam Diet 2 + 89 pmol Nam Diet 1 +89umol Nam Diet 2+89umol Nam | Freediet +310umol Nam| Free diet + 310 pmol Nam | Freediet + 310pmol Nam

newie| | | | | | | |
Uirne collection

2nd Urine 1st Urine
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
‘ Diet 1+310pmol Nam | Diet 2+310pmol Nam | Diet 1+ 310 umol Nam ‘ Diet 2 +310pmol Nam | Freediet + 562 pmol Nam | Freediet + 562 umol Nam | Freediet + 562 umol Nam
Srdweek| | | | | | | |
Uirne collection
2nd Urine 1st Urine
Day 1 Day 2 Day 3 Day 4 Day 5
‘ Diet 1 +562 pmol Nam ‘ Diet 2 +562umol Nam | Diet 1 +562pmol Nam ‘ Diet 2 +562 pmol Nam End of the experiment
4th week ‘

Luirnecollection J

2nd Urine 1st Urine

Fig. 1. The Scheme of the Experimental Design

The subjects were fed the diet shown in Tables 1 (diet 1) and 2 (diet 2) followed as in the Figure.
The administration amount in each week was divided into 3:4:3 in breakfast:lunch:supper. Urine
samples (around 07:00 on Day 4-07:00 on Day 5) were collected and the collected samples were
immediately treated into an acidic condition (the final HCI concentration of 0.1 mol/L), and stored at -
20°C until needed.

600
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= N wW B
o o (] o
o o o o

| | | |

Urinary excretion of Sum
(umol/day)

0 | | | | |
0O 100 200 300 400 500 600

Nam addition (umol/day)

Fig. 2. Effect of the Administration of Nicotinamide on the Urinary Excretion of Sum (MNA + 2-Py +
4-Py).
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Fig. 3. Effect of the Administration of Nicotinamide on the Urinary Excretion of Anthranilic Acid.
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Fig. 4. Effect of the Administration of Nicotinamide on the Urinary Excretion of Kynurenic Acid (KA).
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Fig. 5. Effect of the Administration of Nicotinamide on the Urinary Excretion of Xanthurenic Acid
(XA).
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Fig. 6. Effect of the Administration of Nicotinamide on the Urinary Excretion of 3-Hydroxyanthrtanilic
Acid (3-HA).
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Fig. 7. Effect of the Administration of Nicotinamide on the Urinary Excretion of Quinolinic Acid (QA).
The experimental conditions, see Fig. 1 and "Materials and Methods".
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Table 1. Characteristics of the Subjects.

Subjects Age (Yr) Height (cm) Body weight (kg) BMI
Female 1 21 161.0 50.0 19.29
Female 2 21 161.0 52.5 20.25
Female 3 21 162.0 46.0 17.53
Female 4 28 168.0 55.0 19.49
Female 5 22 154.0 48.0 20.24
Female 6 21 160.5 53.0 20.57
Female 7 21 165.0 52.5 19.28
Mean 22.14 161.3 51.0 19.52
SD 2.61 4.3 3.2 1.02
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Table 2. The Composition of the Diet 1.

Breakfast Lunch Dinner Total

Energy (kcal) 402 689 617 1784
Protein (g) 19.5 23.8 25.2 68.6
Fat (g) 15.7 25.5 9.6 50.8
carbohydrates (g) 46.0 85.8 104.4 248.8
Fat-soluble vitamins
Vitamin A (ug) 150 309 419 878
Vitamin D (pg) 1 0 2 3
Vitamin E (mg) 1.1 2.1 2.4 5.6
Vitamin K (pg) 8 204 98 311
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.17 0.07 0.59
Vitamin B, (img as riboflavin) 0.47 0.20 0.25 0.92
Vitamin B¢ (mg as pyridoxine) 020 0.36 0.68 1.24
Vitamin By, (ug as cyanocobalamin) 0.7 0.5 6.2 7.4
Niacin equivalent’(mg) 7.04 8.42 14.89 30.35
Pantothenic acid (mg) 1.97 4.21 3.14 9.32
Folic acid (pg as pteroil monoglutamic acid) 52 134 44 230
Biotin (ug) 21 20 26 67
Vitamin C (mg as L-ascorbic acid) 34 34 50 118
Minerals
Na (mg) 794 1175 850 2845
K (mg) 592 601 625 1993
Ca (mg) 249 142 85 479
Mg (mg) 47 71 74 192
P (mg) 380 293 317 1071
Fe (mg) 0.8 34 2.6 6.7
Zn (mg) 1.8 3.7 2.5 8.0
Cu (mg) 0.15 0.44 0.43 1.02

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Table 3. The Composition of the Diet 2.

Breakfast Lunch Dinner Total

Energy (kcal) 463 549 606 1693
Protein (g) 19.6 21.4 20.5 61.5
Fat (g) 223 12.8 10.0 45.0
carbohydrates (g) 46.1 85.6 105.5 249.8
Fat-soluble vitamins
Vitamin A (ug) 294 144 444 882
Vitamin D (pg) 1 0 0 1
Vitamin E (mg) 2.7 0.6 2.9 6.2
Vitamin K (pg) 12 98 100 210
Water-soluble vitamins'
Vitamin B; (mg as thiamin) 0.35 0.09 0.02 0.46
Vitamin B, (img as riboflavin) 0.47 0.18 0.17 0.81
Vitamin B¢ (mg as pyridoxine) 0.20 0.35 0.31 0.86
Vitamin By, (ug as cyanocobalamin) 0.7 0.3 10.3 11.3
Niacin equivalent’(mg) 7.04 8.08 9.67 24.79
Pantothenic acid (mg) 1.97 3.73 3.55 9.25
Folic acid (pg as pteroil monoglutamic acid) 52 125 105 282
Biotin (ug) 21 12 20 53
Vitamin C (mg as L-ascorbic acid) 34 25 53 112
Minerals
Na (mg) 833 1237 1080 3177
K (mg) 594 851 615 2235
Ca (mg) 250 173 96 523
Mg (mg) 47 113 96 257
P (mg) 381 253 317 1032
Fe (mg) 0.8 6.2 3.2 10.2
Zn (mg) 1.9 2.8 4.2 8.9
Cu (mg) 0.15 0.33 0.47 0.95

'Water-soluble vitamins except for vitamin B, are measured. Other nutrients are calculated by using
the Standard Tables of Food Composition in Japan, Fifth revised edition -2000-, Resources Council,
Science and Technology Agency, Japan.

*The niacin equivalent intake was calculates as follows: The average tryptophan content in food protein
is 1.1 % and the 1/60 (in weight basis) of tryptophan taken was converted into niacin in the body.
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Fig. 1. The Scheme of the Experimental Design

The subjects were fed the diet shown in Tables 1 (diet 1) and 2 (diet 2) followed as in the Figure in
the 1st week. In the 2nd week, the respective amount of vitamin mixtures was administered as in the
Figure. The administration amount in the 2nd week was divided into 3:4:3 in breakfast:lunch:supper.
Urine samples (around 07:00 on Day 4-07:00 on Day 5) were collected and the collected samples were
immediately treated as shown in "Materials and Methods". After the urine collection had been finished,
the subjects were taken free diet on Day 5-Day 7 on the 1st and 2nd week. "The vitamin mixtures (The
objected amount of each water-soluble vitamin was 6-folds for the respective RDA. The following
values were chemically measured.)" contains 3.89 mg of thiamin, 5.74 mg of riboflavin, 6.61 mg of
pyridoxine, 67.4 mg of nicotinamide, 4.77 mg of pantothenic acid, 1.34 mg of folic acid, 0.182 mg of
biotin, and 600 mg of ascorbic acid. In the 3rd week, Only the diets shown in Tables 1 and 2 were fed as
shown in the Figure.
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Fig. 2. The Restoration of Urinary Excretory Amounts of Water-soluble Vitamins at One Week After

Feeding on a Large Amount of Water-soluble Vitamins.

A, vitamin B, (thiamin); B, vitamin B, (riboflavin); C, vitamin B¢ (pyridoxine); D, niacin
(nicotinamide), Sum means total amount of niacin catabolites of MNA, 2-Py and 4-Py; E, pantothenic
acid; F, folic acid; G, biotin; H, vitamin C (ascorbic acid).
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