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1 1 1

ThDP

1 ThMP ThDP

ThTP

2015 1) 2020 2)

C12H17N4OS 265.3 C12H17ClN4OS-HCl 337.3

1 ThDP

1 TCA

1

1

1 ThDP

ThDP ThDP

1 1 60% 3,4)

CH2CH2OH

NH2 HCI

CH3

N

N

H3C

CH2

N
+

S

CI-

CH2CH2OH

NH2

CH3

N

N

H3C

CH2

N
+

S
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1 1,000 kcal 0.2 mg

1,000 kcal 0.3 mg 5)

1

1 1

1

5)

1 ThDP

1 ThDP

1 1

ThDP

1

ETK

1
6)

1

1

1 15%
5)

1

15% 1 0.30 mg/1,000 kcal
6) 1 64

20% 5)

1.4

65

18 64 0.30 mg/1,000 kcal

1.4
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1

50 kcal/ 250 kcal/

450 kcal/ 0.30 mg/1,000 kcal 0.015 mg/

0.075 mg/ 0.135 mg/

0.1 mg/

1

1.4 0.189 mg/

0.135 mg/ 1.4 0.189 0.2 mg/

1 0.13 mg/L 7–9) 0 5

0.78 L/ 10,11) 60%3,4) 0.13 mg/L 0.78 L/

0.6 0.169 mg/ 0.2 mg/

1.2 0.203 mg/ 0.169 

mg/ 1.2 0.203 0.2 mg/

0 5 1 0.13 mg/L 7–9) 0.78 L/
10,11) 0.10 mg/ 0.1 mg/

6 11 2 0 5

18 29 6 11

0.2 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75 

1
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100 g 1 1 mg

10 g 2

2
12)

13) mg/
14)

1

15)
1

1
16,17)

1 1

1
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2 2 2

FMN FAD

FMN FAD

1) 2)

3
(C17H20N4O6 376.4) 

2 FMN FAD

2 TCA

2

FAD FMN

FAD FMN

FAD FMN FMN FAD

2 2

2

2 64% 3)

H C

CH2OH

NH

O
H3C

N

NH3C

N

OH

H C OH

H C OH

O

CH2
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2 2

2

18)

2

2

2
19)

2

2 2

2

2

1.1 mg/
19)

2,200 kcal/ 19) 1 64

0.50 mg/1,000 kcal 1.1 mg/ 2,200 kcal/

1.2
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4 2 2 19)

19 4

1.1 mg 2 /

65 20)

18 64 0.50 mg/1,000 kcal

1.2

2

50 kcal/ 250 kcal/ 450 kcal/

0.50 mg/1,000 kcal 0.03 mg/ 0.13 mg/ 0.23 

mg/

0.23 mg/ 0.2 mg/

1.2

0.27 mg/ 0.3 mg/

2 0.40 mg/L 7–9) 0 5

0.78 L/ 10,11) 60%3) 0.40 mg/L 0.78 L/

0.6 0.52 mg/ 0.5 mg/

1.2 0.62 mg/

0.6 mg/

0

500

1,000

1,500

2,000

0 1 2 3 4

B 2

B2 (mg/ )

( g/ )
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0 5 2 0.40 mg/L 7–9) 0.78 L/
10,11) 0.31 mg/ 0.3 mg/

6 11 2 0 5

18 29 6 11

0.4 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75

1

100 g 2 1 mg

400 mg 3
21) 11.6 mg 22)

2

27 mg 22)

2

2
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19,23)

2 2

2 0.55 mg/ 15 9 17

4 19)
2

0.75 0.85 mg/ 22 2

1 19)
2 0.55 mg/ 0.25 

mg/1,000 kcal 2 2

0.8 mg/ 0.36 mg/1,000 kcal 2

2 1
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NAD

NADP

NAD NADP

1/60

mgNE mg 1/60 mg
niacin equivalent NE

1)

C6H5NO2 123.1 C6H6N2O 122.1
C11H12N2O2 204.2

NAD NADP

TCA

NAD ADP DNA

NAD NADP NAD NADP

24)

N

COOH

N

CONH2

NH2

CH2

N
H

CH COOH

���



����
�

�
�

60%
3,4)

N1- MNA

1 mg/ 25)

MNA 1 mg/

60 mg 1 mg
26,27)

4.8 mgNE/1,000 kcal 28,29) 18 64

1.2

65
30,31) 18 64 4.8 

mgNE/1,000 kcal

1.2

18 64 4.8 mgNE/1,000 kcal

1.2

32)

���



32)

2.0 mg/L 7–9) 0 5 0.78 L/ 10,11)

60%3,4) 2.6 mg/ 3 mg/

1.2 3.1 mg/

3 mg/

0 5 2.0 mg/L 7–9) 0.78 L/
10,11) 1.56 mg/ 2 mg/

mg/ 33)

6 11 2 0 5

18 29 6 11

3 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75 

1

10 mg/100 g

mg/100 g

1

34)

35–37) 25 mg/kg
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6.25 mg/kg

5

5 mg/kg / 1.25 

mg/kg /

3

38)

39)

2

40–44)

45)

46)

6 mg/g

12 mg/g
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6 6 6

PN PL PM

5- PNP 5- PLP 5- PMP

PLP PMP PNP PLP PMP PN PL PM

1) 2)
6 PN

6 B6

PN C8H11NO3 169.2 PL C8H9NO3

167.2 PM C8H12N2O2 168.2

6 PLP PMP

6

PN

6 PLP PMP

PLP

PMP PLP PMP

PL PM PN

5 - PNG PNG

PN PNG

50% 47)

6 6

75% 48)

73% 3)

CH2OH

H3C N

HO CH2OH

CHO

H3C N

HO CH2OH

CH2NH2

H3C N

HO CH2OH
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PLP 6
49) PLP

50)

6

PLP 30 nmol/L
51) PLP 30 nmol/L 6

6 PLP

6
52)

PLP 1 g 6 52)

6

PLP 30 nmol/L 6 PN 0.014 mg/g

6 73%3) 0.019 mg/g

1 64

1.2

0

10

20

30

40

50

60

70

80

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
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m

ol
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)

B6/ (mg/g)
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PLP 53)

18 64 0.019 mg/g

1.2

6

PN 1 g 0.014 mg

6

6 PN 73% 3)

0.014 mg/g 0 g/ p.92 0 mg/ 0.73 0 mg/

0.014 mg/g 1.94 g/ p.92 0.027 mg/ 0.73 0.037 mg/

0.014 mg/g 8.16 g/ p.92 0.114 mg/ 0.73 0.156 mg/

B6 0 mg 0.037 mg

0.156 mg 1.2

0 mg 0.044 mg 0.187 mg

6

0.156 mg/ 0.2 mg/

1.2 0.187 mg/ 0.2 mg/

6 0.25 mg/L 54,55) 0 5

0.78 L/ 10,11) 73% 3) 0.25 mg/L 0.78 

L/ 0.73 0.267mg/ 0.3 mg/

1.2 0.32 mg/

0.3 mg/
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0 5 0.25 mg/L 54,55) 0.78 L/ 10,11)

0.195 mg/ 0.2 mg/

6 11 2 0 5

18 29 6 11

0.3 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75

1

100 g 6 1 mg

PN g/
56) 24

70 kg PN 100 300 mg/ 4
57) 300 mg/

70 kg 1 kg 4.3 mg/kg / 5

0.86 mg/kg /
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6
58)

6 6

1.09 mg/ 30 40%
59) 1

6
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12 12 12

1) 2)

C68H88CoN14O14P 1355.4

12

CoA

12

12

12

12

12

12 50% 60,61) 2 μg

12
62,63)

12
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N
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12

12 2.5 μg/

45% 12
60)

12

12 2 3 mg 64,65) 1

12 0.1 0.2% 66–68)

12 12
61,69,70)

12

71–74)
12

12

12 12 12

CoA

12

71)
12

75)

12

12

71)

4.2 μg/ 3.4 5.3 μg/

18 64 30

2.9 6.0 μg/ 4.0 μg/ 12

76–78)

79)

12
80)

12

18 64

12 0.45 μg/L 8,9,81)

0 5 0.45 μg /L 0.78 L/ 10,11)

0.35 μg/ 0.4 μg/
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6 11 2 0 5

18 29 6 11

0.9 μg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75

1

18 29 0.75

/18 29 0.75 1

12 0.1 0.2 μg/ 12

82,83)
12

12 5.8 ± 3.1 mg/

6.0 ± 3.2 mg/  ± 84) 30

2.8 4.0 μg/

4.0 μg/

12 12

12 6.5 ± 2.9 mg/
84) 30

3.1 3.3 μg/ 4.0 μg/

63)

63)
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12

69) 500 μg/

1% 69) 2.5 mg/
85)

12

12

12

12 1

2.0 μg 68) 1 3

6.0 μg 12 12

2.0 μg 12

12

12 12
86,87)

12

88)
12 12

12
89)

12 12
90)

12

12 12
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folate folate

5- 459.3

5-

5,10- 10-

folic acid 441.4 folic acid

folic acid

folate

folic acid 1)

2) folate folic acid

folic acid

5-
C20H25N7O6 459.3 C19H19N7O6 441.4

5-

folate CH3 CHO 1

folate

DNA RNA

folate DNA

folate

folate

folate

5-

5-

CO NH CH
COOH

COOH

CH2

CH2

NHCH2

H
N

N

N

N

O

H2N

CH3

CO NH CH
COOH

COOH

CH2

CH2

NHCH2
N

OH

H2N

N

N N
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folic acid

folate 25 81% 91–93)

folic acid folate

50% 4) 1998
94) dietary folate equivalents DFE

folate

1 μg
folate 1 μg

folic acid 0.5 μg

folic acid 0.6 μg

folate folic acid

folate 80% 95)

folate folic acid
96) folate

folate
93,97)

folate

folate
1) 2) folic acid

305 nmol/L 140 

ng/mL 98) folate

200 μg/ 93,97) 200 μg/

1.2 240 μg/
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folate 99) folate
100) 65

18 64

18 29 0.75

/18 29 0.75 1

1.2

101)

101)

102) 100 μg/ folic acid

400 nmol/L 102,103)

70% 305 nmol/L 102) 100 μg/ folic acid

50%

folic acid 100 μg/ folate 200 μg/ 200 μg/

1.2 240 μg/

54 μg/L 7–9,104) 0 5

0.78 L/ 10,11) 50% 54 μg/L 0.78 L/

0.5 84 μg/ 80 μg/ 1.2

101 μg/ 100 μg/

0 5 54 μg/L 7–9,104) 0.78 L/ 10,11)

42 μg/ 40 μg/

6 11 2 0 5

18 29 6 11

70 μg/
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0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75 

1

folate

folate

folic acid

folic acid folic acid

folic acid folic acid

folate 12 DNA

12

12

12 folic acid

94)

5 mg/ 100

5 mg/ 8 94)

5 mg/

3

0.36 5 mg/ folic acid 9
94)

5 mg/ 19 30 57 kg 94)

88 μg/kg / 5 18 μg/kg

/
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105)

folic acid

folate
106,107)

folate

108–111)

28

2011 2015 1

6 112)

1.5 113)

folic acid
114–122)

folic acid

folate 400 μg/ 123) folate

400 μg/

folic acid

28

folate

folic acid folic acid

folic acid folic acid
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folic acid folate

folate  200 μg 240 μg 

folate  +0 μg +0 μg 

folate  +200 μg +240 μg 

folic acid
+400 μg 

folate folic acid
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10 CoA

CoA CoA ACP 4’-

1) 2)

10 C9H17NO5 219.2

CoA ACP 4’-

CoA TCA

ACP

CoA

CoA CoA

CoA 4’-

CoA

CoA

70% 3,4)

HO C

H

H

C

CH3

CH3

C

OH

H

C

O

N

H

C

H

H

C

H

H

COOH
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18 64 30 4.7

6.0 mg/ 4.6 mg/
124) 32 76

7 mg/ 6 mg/ 125)

30

65

30

5.0 mg/L 7,9)

0 5 5.0 mg/L 0.78 L/ 10,11)

3.9 mg/ 4 mg/

6 11 2 0 5

18 29 6 11

3 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75

1

30

11

84)  ± 5.5 

± 1.3 mg/ 5.3 mg/ 5 mg/
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84)  ± 

6.2 ± 1.6 mg/ 5.9 mg/ 6 mg/

100 g 5 mg

3

126)
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11 -

1) 2)

11 C10H16N2O3S 244.3

CoA

1 2

80% 4)

COOH

NH

C
H2

H2
C

C
H2

H2
C

O

HN

S
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1 35.5 μg/ 127)

45.1 μg/ 128) 60.7 μg/ 129) 2010

30 μg/ 130) 50.8 μg/ 131)

1) 2)

18 64 50 μg/

18 64

0 5 5 μg/L 8,9,132,133) 0.78 L/ 10,11)

3.9 μg/ 4 μg/

6 11 2 0 5

18 29 6 11

10 μg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75

1

18 29 50 μg/ 0.75 

/18 29 0.75

1

134)
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100 g μg

1 10 mg 6 2.5 mg

2 135)
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L- 12
L- 176.1 L-

174.1 1)

2) L-

12 L- C6H8O6 176.1

L- L-

4) 200 

mg/ 90% 1 g/ 50% 136,137)

138)

400 mg/ 136,137)

CH2OH

O
HO

HO

HO C H

O

���



1 10 mg 139)

140)

11 μmol/L 139) 23 μmol/L
140,141) 23 28 μmol/L 30 μmol/L

142,143) 50 μmol/L 144)

140) 70 μmol/L 136,137,145)

30 60 μmol/L
136,137,145)

30 μmol/L

30 μmol/L
136,137,141,144–148)

10 μmol/L 50 μmol/L

30 μmol/L

136,146) 30 μmol/L

���



����
�

�
�

50 μmol/L

136,137)

50 μmol/L 70 90 mg/

36 15 96 145)

50 μmol/L 83 mg/ 80 mg/

1.2

100 mg/ 145)

145)

65 65

18 29 0.75

/18 29 0.75 1

1.2

7 mg/
149) 10 mg/

1.2 12 mg/

10 mg/

50 mg/L 8,9) 0 5

0.78 L/ 10,11) 100% 3) 50 mg/L 0.78 L/

1.00 39 mg/ 40 mg/

1.2 46.8 mg/

45 mg/
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0 5 50 mg/L 8,9) 0.78 L 10,11)

40 mg/

6 11 2 0 5

18 29 6 11

40 mg/

0 5

0 5 6 11 /0 5 0.75

18 29

18 29 6 11 /18 29 0.75 

1

100 g 100 mg

136,137,150) 149)

g
151,152)

1 3 4g
149)

1 g/
136,137,153)

154–156) 157–159)
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160)

161)

162,163)
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1

2

6

12

400 μg/
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