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Effects of Excess Folic Acid on Growth and Metabolism of
Water-soluble Vitamins in Weaning Rats

Tsutomu FUKUWATARI* and Katsumi SHIBATA

Laboratories of Food Science and Nutrition, Department of Life Style Studies,
School of Human Cultures, The University of Shiga Prefecture:
2500 Hassaka, Hikone, Shiga 522-8633, Japan;
* Corresponding author

In order to determine the tolerable upper intake level of folic acid in humans, we investigated
the effects of excessive folic acid administration on the body weight gain, food intake, tissue
weight, and metabolism of B-group vitamins in weaning rats. The rats were freely fed ordinary
diet containing 0.0002% folic acid (control diet) or the same diet with 0.01%, 0.1%, or 1.0% folic
acid for 29 days. The body weight gains and food intakes did not differ among the four groups.
Diarrhea was not seen even in the 1.0% group. Excess folic acid did not affect the tissue weights
of the brain, heart, liver, kidney, spleen, lung, or testis, or urinary excretion of other B-group
vitamins, These results clearly showed that feeding a diet containing up to 1.0% folic acid did not
affect the food intake, body weight gain, tissue weight, or urinary excretion of B-group vitamins
in weaning rats.

(Received August 2, 2007)
Key words: fERE folic acid; #8¥| excess; EFRM tolerable upper intake level; ¥ # 3 ¥ vitamin;

3 » b rat; [k urine
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Table 1. Effects of folic acid intake on the body weight gain and food intake

Control +0.01% +0.10% +1.0%
Initial body weight (g) 36.8x05 36904 37.1%05 37.0x04
Final body weight (g) 186,139 191.5%#47 1969t 1.1 1904+29
Body weight gain (g/28d) 159.3=4.1 1546244 150811 1598=238
Food intake (g/28d) 3646462 3632477 369.813.6 367643

Each value is expressed as g and is the mean =SEM (n=5).
Table 2. Effects of excessive [olic acid administration on the tissue weights of rats
Cantrol +0.01% +0.10% +1.0%

Brain 1.11 008 1.11 =0.04 1.02 +0.03 L18 x0.01
Heart 0.682+0D.018 0.688=0.019 0,700£0.022 0.690+0.027
Liver B84 t025 B63 050 879 +028 854 +042
Kidney 159 001 1.61 *0.03 1.68 £0.03 1.62 *+0.02
Spleen 0.685+0.029 0.703+0.010 0.673+0.013 0.661 0035
Lung 1.16 *0.03 1.14 *0.056 121 +0.04 1.13 *£0.04
Testis 1.99 +0.09 201 =009 1.96 +0.05 1.99 £0.05

Each values is expressed as g and is the mean*SEM (n=5).
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Fig. 1. Effects of excess folic acid on the contents of folic acid in liver (A}, blood (B) and urine (C), and the urinary [olic

acid excretion rate (D)

Each value is expressed as the mean+SEM (n=5), *p<0.05 versus control determined by ANOVA followed by

Tukey-Krammer multiple comparison test.
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Fig. 2. Effects of excess folic acid administration on the urinary excretions of thiamin (A), riboflavin (B), 4-PIC (C),
cvanocobalamin (D), nicotinamide metabolites (E), pantothenic acid (F), and biotin (G)

Each value is expressed as the mean=SEM (n=5),
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Relative Availability of B-group Vitamins in a Test Diet to Free Vitamins
Tsutomu FukuwaTarl and Katsumi SHIBATA

School of Human Cultures, The University of Shiga Prefecture, Hikone, Shiga 522-8533

The relative availability of B-group vitamins to free vitamins in a test diet consumed by Japanese col-
lege women students was determined. The subjects, 6 female Japanese college students, consumed the
test diet with or without a B-group vitamin mixture for 4 consecutive days, and the B-group vitamin
level in a 24-h urine sample was measured for each. The urinary excretion rates for the B-group vita-
min in the test diet and the B-group vitamin mixture were calculated from the B-group vitamin intake
and the urinary B-group vitamin levels. The ratio of the urinary excretion rate for each B-group vita-
min in the test diet to that for the B-group vitamin mixture was determined as the relative availability.
The relative availability of vitamin B, was 67+20% (mean value=S5D and n=6), vitamin B: was 64
+16%, vitamin B, was 73-:5%, niacin was 67+ 19%, and pantothenic acid was 69+ 11% when the sub-
jects consumed the test diet. This method can be used to simply determine the relative availability of

B-group vitamins in food.

(Received October 19, 2007; Accepted in revised form February 2, 2008)
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Table 1. The composition of the diets
Diet 1 Diet 2 Average
Energy (kcal) 1,708 1,618 1,663
Protein (g) 68.5 6.5 %
Fat (g) 50.8 45.1 18.0
Carbobydrates (@) 236 231 .
Water-soluble vitamins®'
Vitamin B, (mg as thiamin chloride) 0.75 0.58 )
(1.99 gmol)
Vitamin B; (mg as riboflavin) 0.92 0.82 i
(2.31 gmol)
1.05
V- i A i i 1 a
itamin B. (mg as pyridoxine) L4 0.86 (6.21 pmol)
A ) 2.4
Vitamin Bu ( «g as cyanocobalamin) 7.4 113 (1.77 nmol)
21.6
v . z .
Niacin equivalent*™ (mg) 0.4 8 (22.6 ymol)
okl 9.3
Pantothenic acid (mg) 9.3 9.3 (42.5 gmol)
- - 256
Folates ( «g as pteroyl monoglutamic acid) 230 282 (580 nmol)
Biotin (ug) 67 £ %
o (245 nmol)
Ay o 115
Vitamin C (mg as t-ascorbic acid) 118 1z (65.3 umol)

*! Water-soluble vitamins except for vitamin B, were measured. Other nutrients were calcu-
lated by using the Standard Tables of Food Composition in Japan.”' ** The niacin equivalent in-
take 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. The subjects
consumed Diet 1 at days 1 and 3, and Diet 2 at days 2 and 4 in each week.

OBEY ¥ 3 OMF HEE NS

2. EBAE

1) # &% &

BEREL LT 2E6HIE, HO6LOERA
HFORBEZY, SR TEBR~OBMERALL.
wihot, Bl REOFWMAE (, HEL VRAE
LUWEEBRELDETH 7. HBREOFEMIZ21.0
0.0 (F¥+SD), H&I2161.7£1.7cm, #E
i£51.24+2.8kg, BMI I219.6+1.2 TH o7, HHFRE
i, SRR AEZREEEBAE BV TRBEZY
(B30%), ~vryFEFOMMICH - TiITbL,

@ & »

EREOMMSHFEELTERT A0, 2HEORY
TIBBECHMEES. AFARFRLTEEIEYE

TRIRT 2 L5 ik boT, SREANIAE
MR OMIE L, 2 EHORPOFERERAIK
ECRLELVWLOERAY. AEMICIE, Diet1®
HEE, BRI/ T0g, $£7.200g, S=F=7bh
45g, NA g HU-—T5g REKIIHL180g B
Wit (h2g bhoH5g), MEESOg, N¥I—F
100g, ¥+~ 30g F130g, FRHITHL 250g,

HuARS60g WG 2g FEHD (Fy280g,
b 80g, ¥—<30g ICALAZ2g), #130
g ThA. Diet2OWEE, PIRIZA1 0g F1H
200g, =F7h45g NAL36g ¥)—T5g T—
) r8g BEIIHL 180g ULEHLHE (DL
28g IALA4dg HE 15g), MAMHEE30g,
FrAy30g #130g FRIZDHL 250g, FF¥T
W5 00g #HE2g FEDD (Frvildg bP

42 (404)



HERY Y iR 2ARPOBRESY 3 Y OBMFIHE

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
tst week | 2! | D2 | et | D2 | Free diet + VM | Free diet + VM| Free diet + VM|
! l | | L | | ! |
rine collection
IndUrine  1stUrine
Day 8 Day 9 Day 10 Day 11 Day 12
2nd“mdk|DMI+VM | Diet2+VvM | Diet1+VM | Diet2+vM |

Jow

2nd Urine

1st Urine

Fig. 1. Experimental design
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test diet is administered Amount of daily urinary excretion of vitamin B

(Data 1), mgrrmﬂumhmmmummﬂu
= 08+
g = The amount of the increase of daily urinary excretion
2 s of vitamin B1 by the free thiamin addition:
bg 0.5=0.8-03 (Data 3=Data2-Datal)
g 2t Daily urinary excretion of vitamin Bi
when test meal is sdministered
& &
2 J’;’f
£ 5 & Calculation example
e 4‘@‘? 032)
Pt 06 () = Gy
(0.5/2.2)

Fig. 2. Calculation example of proposed relative availability determination

Table 2. The comparison of the values between urinary ex-
cretions of vitamins when the subjects are fed a
diet with or without vitamin mixtures

Vitamins Data 1 Data 2 Data 3
(umol/day)  (zmol/day)  (umol/day)
Thiamin 0.288+0.074 0.780+0.176 0.492+0.149
Riboflavin 0.283£0.073 0.758+0.165 0.475%0.115
Pyridoxine 3.441£0.41 7.78x0.65 4.32+0.26
Nicotinamide 85.6+£10.9 131.6+16.6 46,0+15.2

Pantothenic acid 14.622.0 25.7+4.9 11.243.2

Data 1: The values are urinary excretions of vitamins when only
the diet is fed to the subjects. Data 2 The values are urinary ex-
cretions of vitamins when the diet and vitamin mixtures are fed
to the subjects. Data 3: The values are calculated from "Data 2" —
"Data 1.” Values are means=SD for 6 subjects.

Table 3. Availability of B-vitamin

Urinary excretion Urinary excretion

Vitamins  rate for vitaminsin  rate for free M’:’;‘;’m’
the test diet (%) vitamins (%)
Thiamin 14.5£3.7 22.046.4 67420
Riboflavin 12.243.2 19.444.8 6416
Pyridoxine 55.346.6 76.444.5 7315
Nicotinamide 37.9+4.8 50,9214 6719
Pantothenic acid 34.4+4.8 50.9+10.9 6911

Values are means+SD for 6 subjects.
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Summary Little information is available to estimate water-soluble vitamin intakes from
urinary vitamins and their metabolite contents as possible nutritional markers. Determina-
tion of the relationships between the oral dose and urinary excretion of water-soluble vita-
mins in human subjects contributes to finding valid nutrition markers of water-soluble
vitamin intakes. Six female Japanese college students were given a standard Japanese diet in
the first week, the same diet with a synthesized water-soluble vitamin mixture as a diet with
approximately onefold vitamin mixture based on Dietary Reference Intakes (DRIs) for Japa-
nese in the second week, with a threefold vitamin mixture in the third week, and a sixfold
mixture in the fourth week. Water-soluble vitamins and their metabolites were measured in
the 24-h urine collected each week. All urinary vitamins and their metabolite levels except
vitamin Br2 increased linearly in a dose-dependent manner, and highly correlated with vita-
min intake (r=0,959 for vitamin By, r=0,927 for vitamin Bz, r=0.965 for vitamin Bg,
r=0.957 for niacin, r=0.934 for pantothenic acid, r=0.907 for folic acid, r=0.962 for
biotin, and r=0.952 for vitamin C). These results suggest that measuring urinary water-sol-
uble vitamins and their metabolite levels can be used as good nutritional markers for assess-

ing vitamin intakes.

Kegy Words  biomarker, human, urine, vitamin

A nutritional marker can be an indicator of nutri-
tional status with respect to intake or metabolism of
dietary constituents. Nutritional markers can be desig-
nated Into one or more of three categories, 1) a means
of validation of dietary instruments, 2) surrogate indi-
cators of dietary intakes, or 3) integrated measures of
nutritional status for a nutrient (1), Nutritional mark-
ers may be interpreted more broadly as a biological con-
sequence of dietary Intake or dietary patterns, and con-
tribute to setting recommendations, tolerable levels and
guidelines. Recent validation studies have developed the
urinary compounds as nutritional markers to estimate
nutrient intakes. For example, 24-h urinary nitrogen
has been established as a marker for protein intake (2),
the same as urinary potassium for energy and potas-
sium intake (3), and urinary sugars for sugar intake (4).

Water-soluble vitamins are absorbed from the diges-
tive tract after ingestion, stored in the liver. delivered to
peripheral sites and then excreted to urine. Urinary
water-soluble vitamins or their metabolites decrease
markedly as vitamin status declines, and they are
affected by recent dietary intake. Urinary excretion of
water-soluble vitamins such as thiamin, riboflavin and
niacin has been used for setting Dietary Reference
Intakes (DRIs) in the USA and Japan (5, 6). However,
only a single study Investigated urinary vitamins as a
possible marker for intake. Individuals' 30-d means of

F.Ama_llz mie@shc.usp.uc,lp

thiamin intake are highly correlated with their mean
24-h urine thiamin levels under strictly controlled con-
ditions, showing 24-h urinary thiamin as a useful
marker for thiamin intake under strictly controlled con-
ditions (7). Although pharmacological doses of water-
soluble vitamin intake such as vitamin Bz (8), nicotin-
amide (9) and biotin ( 10) dramatically increase urinary
vitamin levels, few studies have investigated the rela-
tionship between several oral doses and dietary intake
and urinary excretion of vitamin C, to the best of our
knowledge (11, 12).

To determine whether urinary levels of water-soluble
vitamins and their metabolites can be used as possible
markers for estimating their intakes, six female Japa-
nese college students were given a standard Japanese
diet with or without a 1-, 3- and 6-fold vitamin mixture
based on Dietary Reference Intakes (DRIs) for Japanese.
The 24-h urinary excretion of water-soluble vitamins
and their metabolites was measured, and the relation-
ships between vitamin oral dose and urinary excretion
were determined, This s the first report clearly to show
that 24-h urinary vitamins and their metabolite levels
were correlated to their intakes, and can be used as
nutritional markers for their intakes.

SUBJECTS AND METHODS

Subjects. Six healthy female Japanese college stu-
dents participated in the present experiment. They did
not have regular use of medications or dietary supple-
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Table 1, The composition of the diets.
Diet 1 Diet 2 Average RDA*
Energy (kcul) 1.708 1.618 1,663 1,750
Protein (g) bH.5 1.5 65 50
Fal (g) 50.8 45.1 48.0 40-50
Carbohydrates (g) 236 237 237 -
Water-soluble vitamins'
Vitamin B, (mg as thiamin) 0.59 0.46 0.53 0.74
(2.0 pmol)
Vitamin B, (mg as riboflavin) 0.92 0.82 0.87 1.05
(2.3 umol)
Vitamin Bs (mg as pyridoxine) 1.24 0.86 1.05 1.15
(6.2 pmal)
Vitamin By; (ug as cyvanocobalamin) T4 11.3 2.4 2.4
(1.77 nmol)
Niacin equivalent’ (mg) 30.4 24.8 27.6 10.2
(226 pmaol)
Pantothenic acid (mg) 9.3 9.3 93 5
(42 pmol)
Folates (g as pteroyl monoglutamic acid) 230 282 256 200
{0.58 pmol)
Biotin (ug) 67 53 60 30
(246 nmol)
Vitamin C (mg as L-ascorbic acid) 118 112 115 100
(0,65 mmol)

! Water-soluble vitamins except for vitamin B;; are measured. Other nutrients are calculated by using the Standard Tables
of Food Composition In Japan (15),

*The niacin equivalent intake was calculated as follows: the average tryptophan content In food protein is 1.1% and the 1/
60 (on a weight basis) of tryptophan taken was converted into niacin in the body.

'The Recommended Dietary Allowance (RDA) for vitamin By is 0.42 mg/1,000 keal as thiamin, vitamin B; is 0.60 mg/
1,000 keal, vitamin By Is 0.023 mg/g proteln, niacin is 5.8 mg NE/1,000 keal, folic acid is 240 ug/d and vitamin C is
100 mg/d for Japanese adults, and the Adequate Intake for pantothenic acid is § mg/d and blotin Is 45 pg/d for Japunese

adult women (6).

The subjects consumed Diet 1 on days 1 and 3 each week, and Diet 2 on days 2 and 4.

ments, or habitual alcohol or cigarette consumption.
Their age. body weight, height and body mass index
(mean+SD) are 21.0+0.0y old. 161.7+1.7cm,
51.2=2.8 kg and 19.6+1.2, respectively. This study
was reviewed and approved by The Ethical Committee
of the National Institute of Health and Nutrition (Tokyo.
Japan).

Chemicals. Thiamin hydrochloride, riboflavin, pyri-
doxine hydrochloride, nicotinamide, calcium panto-
thenate, pteroylmonoglutamic acid (folic acid), b(+)-
biotin, L{+ )-ascorbic acid were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). 4-Pyri-
doxic acid (4-PIC) was manufactured by ICN Pharma-
ceuticals (Costa Mesa, CA, USA) and obtained through
Wako Pure Chemical Industrics. N'-Methylnicotin-
amide (MNA) chloride was purchased from Tokyo
Chemical Industry Co,, Ltd. (Tokyo, Japan), N'-Methyl-
2-pyridone-5-carboxamide (2-Py) and N'-methyl-4-
pyridone-3-carboxamide (4-Py) were synthesized (13,
14). All the other chemicals used were of the highest
purity available from commercial sources.

Diet. Two kinds of meals were given to the subjects.
Diet 1 consisted of bread, margarine, ham, tomato, jelly
and milk as breakfast; rice, miso-soup, Hamburg steak,
cabbage, boiled spinach and Japanese tea as lunch; and

rice, raw skipjack, laver, pun-fried vegetables and Japa-
nese tea as dinner. Diet 2 consisted of bread, margarine,
ham. tomato, jelly and milk as breakfast; rice, miso-
soup, broiled chicken, cabbage. simmered hijiki and Jap-
anese tea as lunch; and rice. raw scallop, laver, pan-
fried vegetables and Japanese tea as dinner. The nutri-
ent elements are shown in Table 1. The subjects con-
sumed Diet 1 or days 4 and 6 in each week, and Diet 2
or days 5 and 7. Water-soluble vitamins, except for vita-
min Byz, in the diets were measured by the procedures
described in Determination of vitamins and their metabo-
lites in wrine and diets. Other nutrients were calculated
by using the Standard Tables of Food Composition in
Japan (15).

Experimental design.  The subjects took the diet freely
on days 1 to 3, and took the diet shown in Table 2 on
days 4 to 7 In each week. Approximately 1, 3- and 6-
fold of the synthesized water-soluble vitamin mixture as
vitamin mixture A, B and C shown in Dietary Reference
Intakes for Japanese, 2005, were made (Table 2) (6).
The subjects did not take any vitamin mixture in the
first week, and then took the vitamin mixture A in the
second week, the vitamin mixture B in the third week.
and the vitamin mixture C in the fourth week. One
third of the dose was put into a small gelatinous cap-
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Table 2. The vitamin contents in the vitamin mixtures for 3 capsules per day,

V. mix. A V. mix. B V. mix. C
Thiamin 0.56 mg/d 1.78 mg/d 3.9 mg/d
(2.1 pmol/d) (6.7 pmol/d) (14.7 pmol/d)
Riboflavin 0.92 mg/d 2,95 mg/d 5.74 mg/d
(2.4 pmol/d) (7.8 pmol/d) (15.3 gumol/d)
Pyridoxine 0.96 mg/d 3.21 mg/d 6.61 mg/d
(5.7 pmol/d) (19.0 pmol/d) (39,1 pmol/d)
Nicotinamide 9.2 mg/d 36.4 mg/d 67.4 mg/d
(75 pmol/d) (298 pmol/d) (552 pmol/d)
Pantothenic acid 4.8 mg/d 15.0 mg/d 31.4 mg/d
(22 pmol/d) (68 pmol/d) {143 pmol/d)
Pteroylmonoglutamic acid 205 pg/d 530 pg/d 1,340 pg/d
(0.46 pmol/d) (1.20 pmol/d) (3.04 umol/d)
Blotin 26 ug/d 84 pg/d 182 pg/d
(107 nmol/d) (344 nmol/d) (746 nmol/d)
L-Ascorbic acid 98 mg/d 296 mg/d 600 mg/d
(0.56 mmol/d) (1.68 mmol/d) (3.41 mmol/d)

sule, and the capsule was administered three times daily
after breakfast, lunch and dinner. The 24-h urine sam-
ples were collected from the second urinary sample on
the last day to the first sample on the next day in each
week, The urine sample volumes were measured, and
the samples were immediately treated as described
below, to avoid destruction of water-soluble vitamins
and their metabolites, and then stored at —20°C until
needed.

Determination of vitamins and their metabolites in urine
and diets. For analysis of urinary thiamin, riboflavin,
4-PIC, MNA, 2-Py and 4-Py. 1 mL of 1 mol/L, HCl was
added to 9 mL urine. For analysis of urinary pan-
tothenic acid and biotin, urine samples were not
treated. For analysis of urinary folic acid, 1 mlL of
1 mol/1-ascorbic acid was added to 9 mL urine. For
analysis of urinary ascorbic acid, 4 mL of 10% meta-
phosphate was added to 4 mL urine. Urinary thiamin
was determined by the HPLC-post labeled fluorescence
method (16). Urinary riboflavin was determined by the
HPLC method (17). Urinary 4-PIC was determined by
the HPLC method (18). Urinary 2-Py, 4-Py and MNA,
nicotinamide metabolites, were determined by the
HPLC method (13. 19). Urinary pantothenic acid was
determined by the microbioassay method using Lactoba-
cillus plantarum ATCC 8014 (20). Urinary folic acid was
determined by the microbloassay method using Lactoba-
cillus casei ATCC 2733 (21). Urinary biotin was deter-
mined by the microbioassay method using Lactobacillus
plantarum ATCC 8014 (22). Urinary reduced and oxi-
dized ascorbic acid. and 2.3-diketogluconic acid. were
determined by the HPLC method (23),

For analysis of water-soluble vitamins in the diets,
Diet 1 and 2 were homogenized in water. Vitamin B, as
sum of thiamin, TMP. TDP and TTP in the diets was
determined by the HPLC-post labeled fluorescence
method (16). Riboflavin, FMN and FAD in the diets were
converted to lumiflavin by photolysis, and then deter-
mined by the HPLC method (17). Vitamin B vitamer in
the diets was converted to pyridoxine by autoclave

under acidic condition, and total pyridoxine was deter-
mined by the microbloassay method using Saccharomy-
ces carlsbergenisis strain 4228 ATCC 9080 (24). NAD
and NADP in the diets were converted to nicotinamide
by autoclave, and total nicotinamide was determined by
the HPLC method (1 3). Bound pantothenic acid such as
CoA and pantetheine in the diets was digested to free
form by alkaline phophatase and pigeon liver amidase,
and total pantothenic acid was determined by the
microbioassay method using Lactobacillus plantarum
ATCC 8014 (20). Folates In the diets were digested to
pteroylmonoglutamic acid by conjugase and protease,
and pteroylmonoglutamic acid as total folic acid was
determined by the microbioassay method using Lactoba-
cillus casei ATCC 2733 (21), Bound biotin in the diet
was converted to free form by autoclave under acidic
conditions, and total biotin was determined by the
microbioassay method using Lactobacillus plantarum
ATCC 8014 (22). Reduced and oxidized ascorbic acid,
and 2.3-diketogluconic acid in the diets were deter-
mined by the HPLC method (23).

Statistical analysis. Linear regression analysis was
carried out using & computer program. GraphPad
Prism version 4.03 (GraphPad Software, Inc., San
Diego, CA 92130, USA). Correlation coelficients were
calculated using the method of Pearson product-
moment correlation coefficient. The significance of the
linear correlation coefficient was tested using Fisher's
transformation test.

RESULTS

Vitamin B;

The urinary excretion of thiamin in the first week
was (0.288=0.074 umol/d to 0.53 mg/d (2.0 umol/d)
of thiamin intake (mean=SI. n=6), and the level
increased linearly until the fourth week taking
4.42mg/d (22.4 pmol/d) (Fig. 1A). The correlation
between urinary and oral thiamin was significantly
high (y=0.281x=0.514. r=0.959; p<0.0001). The
urinary recovery of thiamin (mean=SD, n=6) was
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Fig. 1. Regression and 95% Cl of oral dose and urinary excretion of vitamin By (A), vilamin B; (B}, vitamin B (C), niacin

(D). pantothenic acid (E), folate (F), blotin (G) and vitamin C (H), Values are individual points of six subjects in each dose.
4-PIC signifies 4-pyridoxic acid, a catabolite of vitamin By vitamers, and the Nam metabolites signify the toral amount of

nicotinamaide metabolites, MNA, 2-Py and 4-Py,

144+3.7, 19.0*+4.3, 17.6=3.6 and 27.2+4.7% in
the first, second, third and fourth week, respectively.
Vitamin B;

The urinary excretion of riboflavin in the first week
was 0.283+0.073 umol/d to 0.87 mg/d (2.3 pmol/d)
of riboflavin intake, and the level increased linearly
until the fourth week taking 6.61 mg/d (17.6 pmol/d)
(Fig. 1B). The correlation between urinary and oral
riboflavin was signilicantly high (y=0.342x-0,901,
r=0,926; p<0,0001). The urinary recovery of ribofla-
vin was 12,3%3.2, 16,1+3,5, 16,4+5.0 and 31.6%
6.9% in the first, second, third and fourth week, respec-
tively.

Vitamin B

The urinary excretlon of 4-PIC, a metabolite of vita-
min Bs, in the first week was 3.4420.41 pmol/d to
1.05mg/d (6.2 pmol/d) of pyridoxine intake, and the
level increased linearly until the fourth week taking
7.66mg/d (45.2 umol/d) (Fig. 1C). The correlation
between urinary 4-PIC and oral pyridoxine was signifi-
cantly high (y=0.611x—0.59. r=0.966; p=0.0001).
The urinary recovery of 4-PIC was 55.4%£6.6, 65.1%
5.5.49.9+14.3 and 61.9£5.9% in the first, second.
third and fourth week, respectively.

Niacin

The urinary excretion of nicotinamide metabolites in
the first week was 85.6%10.8 pmol/d to 27.6 mg nia-
cin equivalents (NE)/d (226 pmol/d) of niacin intake,
and the level increased linearly until the fourth week
taking 95.0 mg NE/d (779 pumol/d) (Fig. 1D). The cor-
relation between urinary nicotinamide metabolites and
oral niacin was significantly high (y=0.852x-125.9,
r= 0.957; p<0.0001). The urinary recovery of nicotin-

amide metabolites was 37.9+4.8, 43.6+6.2, 53.4%
13.6 and 71.9%£10.1% in the first, second, third and
fourth week, respectively.
Pantothenic acid

The urinary excretion of pantothenic acid in the first
week was 14.6%2.0 umol/d to 9.3 mg/d (42 pmol/d)
of pantothenic acid Intake, and the level Increased lin-
early until the fourth week taking 40.7 mg/d (186
pumol/d) (Fig. 1E). The correlation between urinary and
oral pantothenic acid was significantly high (y=
0.378x— 1.6, r=0,951; p<0.0001), The urinary recov-
ery of pantothenic acid was 34.4=4.8, 39.126.1,
30.5%6.7 and 38.4+5.9% in the first, second, third
and fourth week, respectively.
Folate

The urinary excretion of folic acid in the first week
was 0.0220.009 pmol/d to 256 pg/d (0.58 pmol/d)
of [olate intake, and the level increased linearly until the
fourth week taking 1.60 mg/d (3.62 umol/d) (Fig. 1F).
The correlation between urinary folic acid and oral
folate was significantly high (y=0.277x—0.235, r=
0.907; p<0.0001). The urinary recovery of folic acid
was 3.8+1.5, 5.1+1.5, 5.5£3.3 and 22.9£6.5% in
the first, second, third and fourth week. respectively.
Biotin

The urinary excretion of biotin in the first week was
74.5=12.0 nmol/d to 60 pg/d (246 nmol/d) of biotin
intake, and the level increased linearly until the fourth
week taking 242 pg/d (990 nmol/d) (Fig. 1G). The cor-
relation between urinary and oral biotin was signifi-
cantly high (y=0.316x+8.2, r=0.962; p<0.0001).
The urinary recovery of biotin was 30.3+4.9, 35.6=
4.8, 35.1=6.4 and 31.8=3.0% In the first. second,



