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Control Picolinic acid Picolinamide Bisphenol A Styrene monomer

(%) (%) (%) (%) (%)
Vitamin-free casein 20 20 20 20 20
L-Methionine 0.2 0.2 0.2 0.2 0.2
Gelatinized-cornstarch ~ 45.9 449 449 449 449
Sucrose 22.9 22.9 229 22.9 22.9
Corn oil 5 5 5 5 5
Mineral mixture*' 5 5 5 5 5
Vitamin mixture*'
(NiA-free) 1 1 1 1 1
Addition compound 1 1 1 1

*' AIN 93 was used (Reeves, P. G, Components of the AIN-93 diets as improvements in the AIN-

76A diet. J. Nutr., 127, 838S-841S (1997)).

2 A NAD
Control Bisphenol A Styrene monomer

Final body weight (g) 279.6 5.6 213.5+5.9° 278.1£5.6°
Liver weight (g/rat) 12.21+£0.26" 9.96 + 0.64° 13.17£0.49°
Liver weight 4.37+0.03 4.65+0.18 473+ 0.09
(g/100 g of body weight) ' ' ' ' ' '
Blood NAD 82.8+1.0° 66.3+2.5" 87.1+3.1°
(nmol/ml of whole blood) ' ' ' ' ' '
Liver NAD a b ab

. 657+ 24 514+ 11 572+ 37
(nmol/g wet weight)

Male rats of the Wistar strain (6 weeks old) were obtained and immediately placed in
individual metabolic cages (CT-10; Clea Japan). They were fed ad libitum (Table 1) for

21 days, then killed, and examined.

Values are means = SEM for five rats; each superscript letter indicates a significant
difference at p<0.05, calculated by Tukey’s multiple comparison test.
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Food AnA KA XA 3-HA QA Nam MNA 2-Py 4-Py
intake (nmol/g (nmol/g (nmol/g (nmol/g (nmol/g (nmol/g (nmol/g (nmol/g  (nmol/g
(g/day) diet) diet) diet) diet) diet) diet) diet) diet) diet)
Control 20.6+0.5" 3.03+0.38 56.8+1.5 92.2+6.0° 7.31+0.26" 43.2+3.3* 10.1+0.5* 11.8+0.6* 12.1+0.9* 209+19*
Bisphenol A 17.3£0.9° 3.78+0.61 52.1+11.4 38.7+£5.5" 3.77+0.16° 7.1x0.5" 2.4+1.1° 1.8£0.3" 1.8+0.4° 11+£3°
Styrene 213£0.6° 3.65£040 619445 96747.2° 6.55:024° 36.5£73° 72+11°  9.1£13* 10.2£1.6° 137+16°
monomer

Values are expressed as nmol/g of diet and mean + SEM for five rats; each superscript letter in the same
column indicates a significant difference at p<0.05, calculated by Tukey’s multiple comparison test.
AnA, anthranilic acid; KA, kynurenic acid; XA, xanthurenic acid; 3-HA, 3-hydroxyanthranilic acid; QA,
quinolinic acid; Nam, nicotinamide; MNA, Nl—methylnicotinamide; 2-py,
N'-methyl-2-pyridone-5-carboxamide; 4-Py, N'-methyl-4-pyridone-3-carboxamide.

Control Bisphenol A Styrene monomer
SUM (Nam + MNA + 2-Py + 4-Py) . b .
. 243.2+20.9 17.2+43 163.8 £19.7
(nmol/g of diet)
Conversion ratio of a b .
2.18+£0.19 0.15+0.04 1.47+£0.18

tryptophan-nicotinamide (%)

Male rats of the Wistar strain (6 weeks old) were obtained and immediately placed in individual
metabolic cages (CT-10; Clea Japan). They were fed ad libitum (Table 1) for 21 days.

The 24-hour urine samples were collected on the last day of the experiment and measured.

Values are means = SEM for five rats; each superscript letter indicates a significant difference at
p<0.05, calculated by Tukey’s multiple comparison test.
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Fig. 1. Effects of Excessive Nicotinamide Supplementation to a Tryptophan-limited Diet on the Body
Weight Gain (A) and Food Intake (B) of Weaning Rats. .

o , tryptophan-limited and nicotinic acid-free diet (deficient diet); ® , tryptophan-limited and nicotinic
acid-free diet + 0.003% nicotinamide (control diet); O , tryptophan-limited and nicotinic acid-free diet
+ 0.1% nicotinamide; [J, tryptophan-limited and nicotinic acid-free diet + 0.2% nicotinamide; ® ,
tryptophan-limited and nicotinic acid-free diet + 0.3% nicotinamide. Weaning male rats of the Wistar
strain purchased from Clea Japan were individually housed in galvanized metabolic cages and fed with
ad libitum one of the diets listed in Table 1 and water throughout the experimental period. Each point is
the mean = SEM for 4 rats; a different superscript letter on the last day means significant difference at
p<0.05, as calculated by the Student-Newman-Keuels multiple-comparison test.
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Table 1. Composition of the Diets

Tryptophan-limited, Deficient diet + Deficient diet + Deficient diet + Deficient diet +
nicotinic acid-freediet ~ 0.003% nicotinamide 0.1% nicotinamide 0.2% nicotinamide 0.3% nicotinamide
(Deficient diet) (Control diet)
% % % % %
Vitamin-free milk casein 9 9 9 9 9
Glycine 2 2 2 2 2
L-Threonine 0.078 0.078 0.078 0.078 0.078
L-Cystine 0.2 0.2 0.2 0.2 0.2
Sucrose 77.722 77.719 77.622 77.522 77.422
Corn oil 5 5 5 5 5
Mineral mixture' 5 5 5 5 5
Vitamin mixture' 1 1 1 1 1
(Niacin-free)
Nicotinamide 0 0.003 0.1 0.2 0.3

'AIN 93 was used (Reeves, P. G, Components of the AIN-93 diets as improvements in the AIN-76A diet. J. Nutr., 127, 838S-841S (1997)).
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Table 2. Effects of Excessive Nicotinamide Administration on the Urinary Excretion on the Upper Part of the Tryptophan-Nicotinamide
Pathway

Tryptophan-limited, Deficient diet + Deficient diet + Deficient diet + Deficient diet +
nicotinic acid-free diet 0.003% nicotinamide 0.1% nicotinamide 0.2% nicotinamide 0.3% nicotinamide
(Deficient diet) (Control diet)

Kynurenic acid 5.80+0.27 6.68 =0.01 7.00+0.58 6.50+0.33 5.99+0.12
Anthranilic acid 0.49 £0.08 0.52+0.27 0.57 £0.01 0.54+0.12 0.52 +£0.04
Xanthurenic acid 11.8+0.9 13.9+1.3 13.6 +0.7 142 +1.8 12.3+0.9

3-Hydroxyanthranilic acid 1.81 £0.06 1.60+0.11 1.57+0.15 1.51+0.18 1.87+0.20

Quinolinic acid 1.85 +£0.65% 1.91 +0.24* 26.9 +2.5° 36.8 +£2.1° 412 +2.4°

Each value is expressed as nmol/g of the diet and the mean + SEM for four rats; a different superscript letter means significant difference at
p<0.05, as calculated by the Student-Newman-Keuels multiple-comparison test.
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Table 3. Effects of Excessive Nicotinamide Administration on the Urinary Excretion of Nicotinamide Catabolites

Tryptophan-limited, Deficient diet + Deficient diet + Deficient diet + Deficient diet +
nicotinic acid-free diet 0.003% nicotinamide 0.1% nicotinamide 0.2% nicotinamide  0.3% nicotinamide
(Deficient diet) (Control diet)

Nicotinamide 242 +0.71° 10.1 +£1.4° 690 + 28" 1638 + 198° 3042 + 194¢
MNA 143 +4.7° 18.5+3.5° 3053 +473° 4052 +272°¢ 4813 + 181°¢
2-Py 0.89 + (.34 2.09 +0.52° 293 £ 29° 264 +26° 232 +£25°
4-Py 1.29 +0.44° 22.1 +4.0° 216 +51° 220 +25° 196 + 14°

Nicotinamide N-oxide N.D. N.D. 1422 +257° 4128 + 583° 7908 + 757°¢

Nicotinic acid N.D. N.D. 385+ 11.6 40.7 £21.0 372+£5.8
NuA N.D. N.D. 378 + 124° 760 + 442*° 1901 + 242°
Total 19.3+2.3% 52.7+2.9° 6,061 + 240° 11,088 + 308° 17,565 + 625°

Total urinary

excretion/nicotinamide 21.6+1.2° 74.6 £3.0° 682+ 1.9° 72.0 £2.6°
intake (%)

Each value is expressed as nmol/g of the diet and the mean + SEM for four rats; a different superscript letter means significant difference at
p<0.05, as calculated by the Student-Newman-Keuels multiple-comparison test. N.D. means not detected. The detection limits in the present
study were 2, 1 and 2 nmol/g of food for nicotinamide N-oxide, nicotinic acid and NuA, respectively.
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Table 4. Effects of Excessive Nicotinamide Administration on the Contents of NAD and NADP in the Liver and Blood

Tryptophan-limited, Deficient diet + Deficient diet + Deficient diet + Deficient diet +
nicotinic acid-free diet 0.003% nicotinamide  0.1% nicotinamide  0.2% nicotinamide  0.3% nicotinamide
(Deficient diet) (Control diet)

Liver NAD . b b b b

(nmol/g) 439 + 35 777 £ 19 1011 £ 66 1018 +£ 129 996 + 41
Blood NAD . b . ed d

(nmol/ml) 353+23 60.0+4.4 85.1+3.7 106 + 3% 122+8

Liver NADP (nmol/g) 287 +31° 314+ 19* 399 + 22° 354 +21%0¢ 419 +23°

Blood NADP

(nmol/ml) 9.28 £0.22 9.04 +£0.91 10.08 £ 0.34 8.89+£0.41 11.35+0.71

Each value is the mean + SEM for four rats; a different superscript letter means significant difference at p<0.05, as calculated by the
Student-Newman-Keuels multiple-comparison test.

284



15

NAD NADP
2 3 NAD NADP
NAD
A. NADP
- 20 ul 2.5 mg/ml MTT
- 10 I 1 mg/ml PMS g0 ul 0.15M
0.15 M
—NaOH (pH 7.4)80 ul 10 mM
6- 60 ul 2 IU/ml G6PDH
NAD NADP 50 ul 37 20
570 nm 23)
B. C.
(1) 2001 73, 74 61
2 1 ml NAD
6 Fig. 1 +SD 413 £ 159
- 2001 nmol/ml Fig. 2 1 ml
2003 NADP
+SD  12.5+ 1.7 nmol/ml
2) 2003 75,76 128
NAD (NAD'+NADH) 1 ml NAD
NADP (NADP'+NADPH) Fig. 4 + SD 432 + 7.6
nmol/ml
20 ul =50 D.
mM KPB(pH 6.0) 40 ul 20 NAD 35 nmol/ml
90 15 NADP 10 nmol/ml
NAD NAD 2001, 2003 NAD NADP
2.5 mg/ml
MTT 10 ul 1 mg/ml PMS 80pul 0.1 D
M
65 mM —NaOH
(pH7.4)150 ul 75 IU/ml ADH 50 ul NAD/NADP 35+ 14 (Fig. 3)
37 570 nm

285




NAD

Qv =

) Shibata K., Blood pyridine nucleotide levels
reflect niacin equivalent intake in humans.
J.Clin.Biochem.Nutr., 3, 37-45 (1987)

2) Shibata, K., and Murata, K., Blood NAD as an
index of niacin nutrition. Nutr. Int., 2, 177-181
(1986).

3) Shibata, K., and Tanaka, K., Simple

measurement of blood NADP and Blood levels

of NAD and NADP in humans. Agric. Biol.

Chem., 50, 2941-2942 (1986).

—

286



12

Frequency
|
|

4_
2_
0 T T
0 10 20 30 40 50 60 70 80
NAD nmol/ml
Fig. 1. (73-74 ) NAD

25
20 -
& 15 -
c
()
>
(on
(5]
L 10 1
5_
0 T T T T
0 2 4 6 8 10 12 14 16 18
NADP nmol/ml
Fig. 2. (73-74 ) NADP

287



Frequency

Fig. 3.

Frequency

Fig. 4.

18

16

14
12

10

0 T 1 T T

1

20 25 30 35 40 45

NAD nmol/ml

(75-76 )

16

50 55 60 65

NADP

14 A

12

10 A

0 2 4 6

NAD/NADP

(73-74 )

NAD/NADP

288



