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2009 3  19 278  

2010 6  18 17

2010 8 27 18

2010 10  26 19

2011 3  8 20

2013 6 21 25

2013 8  2 26

2013 9  5 27

2013 9 25 28

2013 10  28 492  

2013 10  29

11 27

2014 1  23  

 

2014 1  27 501  

 

2009 6 30 2009 7 1  
2011 1 6  

  

  
  
  

  
 

2011 1 7  
2012 6 30  

2012 7 1  

   
 

  
  
  
  
 

 
2011 1 13
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2009 10 1 2011 1 6
  

 

 
 

 
 
2009 12 4  

 
 

 

2011 3 1 2011 9 30

 
 
  

 
 

 
 

 

2011 3 8  
 

 
 

 

2011 10 1 2013 9 30

 
 
 

 
 
  

 
2011 11 30
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2013 10 1

  

 

2013 10 15
 

 

 

 

 

25

27

28
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OTA

 
OTA

OTA

OTA

OTA
 

OTA
 

OTA
 

OTA DNA
TDI

OTA
120

LOAEL 8 g/kg /
500 10 10 LOAEL

5 TDI 16 ng/kg /
NOAEL TDI

NTP 2
NOAEL 21 g/kg 5 15 g/kg /

1000 10 10 10 OTA
TDI 15 ng/kg /  

50
0.14 ng /kg / 95 2.21 ng/kg 

/ OTA
TDI OTA

OTA
OTA
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.

2009 3 A

A

A 2008 10 14 9

17
2010 6 18

.

A 
OTA

OTA
2008 OTA

5 g/kg Code of Practice

A

CAC/RCP 51-2003 A
(CAC/RCP 63-2007) A

CAC/RCP 69-2009
A 2013

EU EC No.1881-2006
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1

EU OTA (EC Regulation No.1881/2006) 

g/kg  
5.0 

3.0

10.0
5.0

10.0 
15%  2.0 

2.0
2.0 

0.50 
 0.50 

 
 

 
 

 

 
 

15 
 
 

 
 

 

30 
2014 12 31  

15 
 2015 1 1  

 15 

 
( )

 
20
80 
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II

OTA 7

( ) 

CAS(No.303-47-9)
N-[[ (3 )- 5- -3,4- -8- -3- -1-

-1H-2- -7- ] ]- L-
N-[[(3 )- 5-chloro-3,4-dihydro-8-hydroxy-3-methyl-1-oxo

 -1H-2-benzopyran-7-yl]carbonyl]-L-phenylalanine 

IUPAC
(2 )-2-[[(3 )-5- -8- -3- -1- -3,4
- -7- ] ]-3-

(2 )-2-[[(3 )-5-chloro-8-hydroxy-3-methyl-1-oxo-3,4 

-dihydroisochromen-7-carbonyl]amino]-3-phenylpropanoic 
acid  

 
( ) C20H18ClNO6 

 
( ) 403.82 

 

( )  

 

COOH

N
H

O OH

O

O

CH3

Cl

H

H
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(a) 

(b) 169
(c) [ ] 2

D
1
 46.8 [c=2.65 mmol/L(1.07 g/L) ]  

(d) IR UV MS
NMR

(e) 
(f) 

 
(g) pKa=7.1

 
 

OTA
OTA B OTB

OT

OTA OTB
OTA

2
OTA

 
OTA

OTA
 

OTA 1972
9 7

OTA

3 OTA

OTA OTA
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OTA

OTA

OTA

OTA
OTA

OTA 1969

 
OTA

3 OTA
I OTA

II OTA
III  

1979 III
1987 II

OTA
2001 OTA

II OTA
III OTA

YES

 
OTA

2000 OTA
 

OTA

OTA
15 20%

YES 0 8% OTA
2% OTA

2
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OTA

black aspergilli

OTA 1995

2000 OTA

OTA
 

800 m

1,000 m

OTA

OTA
OTA

 
aggregate  

2

OTA

 

OTA
OTA

6
OTA
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i) 

ii) 2 3

iii) 

OTA

OTA
OTA

OTA
OTA

 

 
 A  

  

 
  

 
 

 

 

 
 

 
1 
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*1
 *2 black aspergilli  
 *3 , 
  

 
 

OTA 1960

2004
1965  

OTA 1969

 
1974 1990 OTA

1996

OTA
  

2

3

,
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III

FAO/WHO JECFA
EFSA IARC

OTA OTA
OT OTA

P450 CYP
OTA

C OTC /
OTQ/OTHQ OTB

OT OTHQ-GSH
OTHQ-N-acetylcystein OTA

OTA

 1  A
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OTA
OT

OTA
6 50% 12 85 91% OT

OTA
OT

ddY 5 15mg/kg OTA
OTA OT
OTA

Sprague-Dawley 12 2.7 mg/kg [14C]-OTA
OTA OT

OTA OT
OTA

 

Sprague-Dawley 4 6 OTA

1 mg/kg
OTA 5

OTA OT 68±6 g 41±6 g
111±14 g 21±2 g

OTA OT
OTA

 
1 2 3 4 OTA

1 3 OTA OT
4

12 mg/kg
OTA

OTA 1 OTA
 

5mg/kg OTA
1 OTA OT
OTA

OT
A
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OTA

A
OTA

a. 

OTA Wistar 3
4 8cm

1.17 mg/kg OTA 5 10
OTA OTA

Wistar 0.33mg/kg OTA
60% 8

OTA
Wistar 15 2 mg/kg OTA

OTA OTA 6 1 g/ml
OTA 24

6 24

1/3 2/3
OTA

Swiss 5 OTA
OTA 10:1 OTA

12 OTA
8 4

OTA

b. 

3.6 mg/ 15 mg/kg [14C] OTA
1 56%

0.5 mg/kg 2 mg/kg OTA
66% 56% 40%

NIH-Bethesda Wistar
50 ng/kg OTA

1.6% 62% 97% 44% 57%  

1)  
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a.

OTA
0.02% 0.08% 0.1%

0.2% 22%
OTA

OTA
7.1×104 mol-1 5.1×104 mol-1 4.0×104 mol-1

OTA
OTA

OTA OTA
3 4 Sprague-Dawley

2 4 4.1 mg/kg OTA
90 OTA

OTA
OTA 90 50 g/ml OTA

OTA

OTA 10 0.5 g/ml OTA

Wistar 9 4 mg/kg / OTA 0 10 20
50 mg/kg / 10

OTA
OTA

50 mg/kg LD50 33 21 mg/kg

OTA
OTA

20 kDa
2.3×1010 mol-1 0.59

× 1010 mol-1 OTA OTA
10 20 ng/ml OTA

100 g/ml  

b. 

OTA OTA OTA
OTA

OTA OTA
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OTA
OTA

A

( )
 4.1 

 6.7

24 39
 56 264 

 89 144 
77

 510 
 853 

OTA 0.33
4 8 1

10  2 4

4  
C57B1 4 [14C]-OTA 200 ng/g 

1

OTA  4
OTA

Wistar 6 [14C]-OTA 86 ng/g
1 OTA

24

F344 ( 4 ) 1 mg/kg [3H] -OTA
24 OTA 14.0% 1.3% 0.3%

88 OTA
  

Swiss 5 0.11 g [3H]-OTA 6.61 g
OTA 30 [3H]-OTA

1 OTA
OTA 3
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ICR Swiss 2 25 mg/kg OTA
OTA

15 6 OTA

OTA
Wistar 2 6 0.5mg/kg OTA

6 OTA
2 OTA

2 6
OTA

Wistar/AF EOPS 12 OTA 28
OTA OTA

146.1 g/kg / OTA
79.4±31.4ng/g 73.7±31.3ng/g

4 OTA 120 ng/g
4 OTA

12.49 ng/g 1.02 ng/g

F344 10 15 0.5 mg/kg OTA
12 2 3

OTA
HPLC OTA

Cmax

F344 8 10 OTA 0.5mg/kg 
/ 7 21

OTA
F344 3 0.5 mg/kg 

OTA 12
24 48 72 96 672 1,344

HPLC
LC-MS/MS OTA

OTA OT LC-MS/MS
OTA
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OTQ/OTHQ OTA OTA
OTA

OTA 48 4.6 mol/L
24 6.0 mol/L OTA

OTA 224 231
OT 10 15 nmol/L OTA

12 pmol/g
OTA 24 480 pmol/g

1/3 OTA 24
OTA 20 OTA

48 672 2 
pmol/g OT

F344 3 10 mg/kg
OTB 2 mg/kg / 5 2

OTB
LC-MS/MS HPLC OTB

OTB 72
3.8±0.8 nmol/ml 232.6±44.7 pmol/g 245.0±44.7 

pmol/g 2 72 0.7±0.2 nmol/ml 42.3±
29.4 pmol/g 61.8±28.5 pmol/g

0.5 mg/kg OTA
72 OTA 4.4±0.4 
nmol/ml 271.9±92.9 pmol/g 0.7±1.1 pmol/g

OTB OTA OTB

 

F344 3 6 mg/kg OTA
3 4

50 g/ml 28
7.57 F344 3 8

5 mg/kg OTA 285 g/kg / 2
3 OTA 6 8 g/ml

 
F344 3 0.5 mg/kg OTA

OTA 10
15 6

2
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219
264 191 205 OTA

2 OTA

Wistar 4 50 125 250 500 g/kg
OTA 1 10 S3

2)

S3 50 g/kg

OAT2 OAT5
OAT1 OAT3

OTA 250 g/kg 500 g/kg
250 500 g/kg

OTA
MDA

8- -2'- 8-OHdG

2

5 OTA

4 0.8 mg/kg /
OTA 5 OTA OTA

189 ng/g 283 ng/g   
5 1 mg/kg 

0.3 1 mg/kg OTA
OTA

6 3

 
10 0 25 50 100 200 g/kg

0 0.9 1.7 3.4 6.9 g/kg / OTA 3
OTA 4 11 

g/kg 1 6 g/kg 1 4 g/kg OTA
 

2)
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4 24 OTA 120 
ng/g 4 OTA

12.49 ng/g 1.02 ng/g

1 0.317 1.1 mg/kg OTA
11 OTA

OTA
3 0.8

1.5 2 mg/kg OTA 21
OTA 2

OTA
2 OTA 19 21

59 ml/kg
OTA 395 ng [3H]-OTA 0.14 MBq

1 75
8 [3H]-OTA 84.5

6 [3H]-OTA 36.3%
HPLC OTA

OTA OTA
2 2

0.11 ml/ 6 20 6
35 0.093 0.109 ml/ 0.13 

L/ OTA
8 2 OTA

0.20 0.88 ng/ml 2

6
 

2 OTA
OTA

3
 

c. 

27 1 0.3 1 mg/kg 0.0375
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0.125 mg/kg / 3) OTA 341
60~70 OTA

4 8 OTA 2.5
10 mg/kg 0.1 0.4 mg/kg 7
4 10 mg/kg 1.1 g/kg OTA

3 0.7 g/kg OTA
7 OTA 2 mg /kg 3

OTA 0.05 g/kg

5  [14C]-OTA 70 g/kg
6

24 OTA
28 OTA 0 1 5 20 mg/kg

5 mg/kg OTA
12 OTA 5 mg/kg 

13 g/kg 20 mg/kg 34 g/kg OTA 4
10 5 mg/kg 

OTA OTA 72 2.06 g/kg

20 mg/kg OTA

Sprague-Dawley 4 5 OTA 10 50
250 g/kg OTA

24 0.4 72
0.7 72 OTA

OTA
OTA OTA

 
C57B1 2 4 120 170 mg/kg [14C]-OTA

[14C]-OTA 10 8 9
OTA 20

17 OTA

 

3) JECFA (IPCS:EHC70)  
 (kg) (g/ / ) (mg/kg / )

0.04 50 0.125 

24



11 13 Slc:ICR 5 13 OTA
5 mg/kg

OTA 2
OTA 2 6

OTA 11
29 13 24 OTA
2 0.1% 11

48 4.6% 13 72 13.3%

Sprague-Dawley 39 0 50 g/kg OTA
2 5

3 7 OTA
OTA

3 4 OTA
OTA OTA

OTA OTA
OTA OTA

OTA
OTA

OTA
OTA

11±13 g/L 4.0±5 g/kg 130±14 
g/L 42±7 g/kg 640 ±86 g/L

180±63 g/kg OTA
OTA 860±100 g/L 240±52 g/kg

OTA
 

12 Sprague-Dawley 4 2.5 mg/kg
[3H]-OTA OTA

48 72 0.1%

Blanc de Termonde 4 190 ng/g 16 g/kg 
OTA 3 19

OTA 19
OTA 0.015

OTA OTA
OTA OTA

25



A

A
(ng/L ) (ng/L) (ng/kg)

3,144 ± 704 
51 ± 24.8

49 ± 11
 

1,241 ± 366
41 ± 25.7

 
2 OTA 0.38 mg/kg /

21 28 OTA 0.04
0.06 g/g

OTA 7 16 g/kg /
2 OTA

OTA 193.1 g/kg
152.9 g/kg OTA

0.20 ng/ml 6
0.075 0.12 ng/ml

OTA
1 0.317 1.1 mg/kg

OTA 11 OTA

3 6 1 0.2
0.75 1.66 mg/kg / OTA 1.66 mg/kg

/ OTA 3 4 5
OTA  

 
  

OTA
OTA OT

OTA CYP OTA

 

NADPH OTA
NMR

4( )- A 
4 -OH-OTA 4 -OH-OTA

4 -OH-OTA
4 -OH-OTA OTA
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CYP
Vmax OTA

NADPH
OTA HPLC

OTA 4 -OH-OTA
1 mg 10 25 pmol/ 4 -OH-OTA

OTA 4 -OH-OTA

OTA CYP
CYP OTA

OTA
LC-MS/MS 4 - 4 -OH-OTA

CYP1A2 CYP3A2
OTA

OTA
  

4 -OH-OTA CYP1A2 CYP2C11
CYP1A1 CYP3A4

CYP1A2

CYP3A4 CYP2C9-1 CYP1A2
OTA

CYP
4 -OH-OTA ALP

GT OTA
CYP CYP

OTA  
OTA

10-OH-OTA NMR
OTA OTC
Wistar 50 ng/g OTA

53.5 ng/g OTC OTA 1

OTC OTA
OTC

10-7

10-5 mol/L [3H]-OTA 8
OTA 4  -OH-OTA 2

27



HPLC OTA

3- 4-OH-OTA

OTA BALB/c 5 0.5 1.4 8 20 g/kg
/ 4 OTA

HPLC OT OTHQ-GSH OTA-GSH
OT OTHQ OTHQ-N-acetylcystein OTHQ 4 -OH-OTA OTC

1

OTA
OTA 403.82

350 450

OTA ddY
5 PB

1 OTA 15 mg/kg

OTA PB 2 PB
24 OTA 1/3

OT    
Wistar 3 4 OTA

OTA OTA
 

Sprague-Dawley 6
1 mg/kg

OTA OTA OT
56%

71%
Wistar 3 4 15 mg/kg  [14C]-OTA

6 33%
OTA 56% 120 OTA

OT OTA OT
OT  

Wistar 6.6 mg/kg OTA
8 OT  OTA

4 -OH-OTA 27% 12% 1 2%
4 -OH-OTA OTA OT

28



OTA OTA

6.6 mg/kg OTA
5 6 OTA

OT 4 -OH-OTA 6.9% 27.2%
1.6% OTA OT

F344 4 1 mg/kg [3H]-OTA
24 14±1% 18.0±2.6%

85% OT 3.9% OTA 2
0.01% 4 -OH-OTA

OTA OT
F344 3 0.5 mg/kg
OTA 96 OTA
OT 2.1% 4.2%

5.2% 3.5%
OTA- LC-MS/MS

96 OTA OT
5.5% 2.9% 1.5% 2.2%

F344 3 2 mg/kg OTA 1 5

2 24 LC-MS/MS
OT

OTB OTHQ 72
OTA

1 10 15 2 0.5 mg/kg
OTA 120

OTA 80 90% OT OT

OTA 3.2 3.3% 7.8
10%

1 0.8
1.5 2 mg/kg OTA 21

OTA
0.22 ml/h/kg 

1 395 ng [3H] OTA 0.14 MBq
[3H] HPLC

1 9 4
42 54% OTA
14 20% OTA OTA

6
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20
OTA 0.2%
OTA

OAT1
OTA OAT1 OTA

OAT1 OTA

15 100 g/ / OTA 8

OTA

Sprague-Dawley 5 6 OTA 10 mg/kg
0.5 2 mg/kg 4

4 mg/kg 4

OTA RNA DNA
OTA

OTA HTC HTC
OTA 30 150 RNA

OTA 5 DNA
OTA RNA

 
Balb-c 15 1 mg/kg 

OTA
1 mg/kg OTA 5

26% 68%
75% OTA mRNA

tRNA
tRNA

AMP
tRNA

tRNA

30



tRNA OTA
OTA tRNA

tRNA HTC
OTA

OTA
tRNA

ddY
7 10 OTA LD50 46.0 mg/kg

100 mg/kg OTA
OTA LD50 71 mg/kg

Swiss 10 OTA
0.8 mg/ 40 mg/kg 24

100% 1 mg

tRNA
OTB OTA OTA

OTA
4 -OH-OTA OTA

OT

  
OTA

OTA tRNA

tRNA OTA
tRNA

OTA
1/300 OTA K =1.3 mmol/L K

=3.3 mol/L 1/20 OTA K
=0.28 mmol/L K =6 mol/L   
HTC OTA HTC

OTA 200 300
OTA tRNA

 
OTA

OTA
  

OTA
OTA 0.12 1.4 mmol/L

31 
 



OTA
IC50 0.43 mmol/L

OT
OTA NADPH

NADPH
MDA

OTA Fe3+ 1 1 Fe3+

Fe2+

Wistar 2
OTA 6 mg/kg

7
OTA 10-6~10-3 mol/L

p- [3H]-
OTA

  
Wistar 6 OTA 289 g/kg 48
3

SOD
OTA SOD

OTA 1 SOD 20 
mg/kg 48 OTA

LDH
LAP GT

OTA

OTA
Na+ K+ Cl- 

OTA

  

 
 

OTA OT
OTA

1 OT OTA

32



OTA

OTA OTA

OTA CYP
OT OTA

OTA
OTA

OTA
1 1.5 2 11

4 6 20 35

OTA

OTA

LD50 5
OTA

 
 A LD50

LD50 mg/kg  
  

 46 58 22 40 26 34 
20 30 13 13 

( ) 3.9 n.d. n.d. 
 0.2 n.d. n.d. 
 1 n.d. n.d. 

 3.3 n.d. n.d. 
n.d.:                                  

 

Long-Evans Sprague-Dawley 10 OTA

0 17 22 mg/kg 48

12 24
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OTA
DIC

Swiss 5 10
80 mg/kg 5 3- 20 

mg/kg 2 OTA
OTA LD50

OTA
1,400 mg/kg 

OTA 144 LD50 40 mg/kg 18.9 mg/kg 
  

11 25 mg/kg OTA 5
1 24 13.3 mg/kg 

OTA 3 6 1

13 mg/kg mg/kg  

 

OTA 6  

34 
 



A

( /
) 

LOAE
L 

mg/kg 

NOAEL
mg/kg

mg/kg mg/kg
/  

Swiss
(10) 

45
0
1.5~1.7 

3~3.3 

DNA
RNA

 

1.5

Wistar  

(10) 

14
0 2.4
4.8
9.6 24 

0
0.24
0.48
0.96
2.4(*)

 
BUN

0.96 0.48 :   

Wistar 

(15) 

90
0 0.2
1.0 5 

0
0.015
0.075
0.37(*)  

 
 BUN  
 

4)  
 

 

0.015 :

 

Wistar 
(5) 

3  
0 5
15 

 PAH
 

 

5  

 

Wistar

(10) 

10
0 0.5
1 2 

 

 2 mg/kg

 
 2 mg/kg

 

2 1  

 

Sprague-
Dawley

(6) 

2  
0 2 

26% PEPCK
55%  

 

Sprague-
Dawley

1~5
 

0
2~2.5 

PEPCK
mRNA  

 

Wistar 
(3) 

56~8
4  

0 2 0
0.145 

 ALP

GT

 

 

 

4) 
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( /
) 

LOAE
L 

mg/kg 

NOAEL 
mg/kg

mg/kg mg/kg
/

 
F344
(3) 

14
5

0 0.25
0.5 1
2 

 

 

 

Wistar
5

28
0 0.2 0 0.02

BUN ALP ALT MDA

 
  

Wistar
10  

30  
0 4 0 0.4

(10) 
3  

0 4  42.5%  
 L-

0.8 2.4%

12.5% 15.0%  

 

 

(32) 

14
 

0 2  

 

(30) 
42  

0 0.5
1 

 

 LDH GT AST

 

 

 

47
(7)

3  
0 2   

 

36



( /
) 

LOAE
L 

mg/kg 

NOAEL 
mg/kg

mg/kg mg/kg
/

New 
Zealand 
White
6-8
(4) 

60
0 0.75 0

0.0225
 

 

0.75  

New 
Zealand 
White

8

30
60
 

0 1 0 0.03

30 60
SOD

60
MDA  
 

0.03  

(3~6) 

14  
0 0.1
0.2

 

 

 

 

 

(8) 5~6
 

0 1  

 

LDH GOT ICDH
 

BUN  

 

(9) 
3~4

 

0 0.2
1 4 

0
0.008
0.04
0.16 

0.2 mg/kg
TmPAH
TmPAH/Cin
1 mg/kg

 
 1 mg/kg 
GLDH

4 mg/kg 
LAP  
 0.2 mg/kg 9

4 1 mg/kg 40 
g/kg /

0.008
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( /
) 

LOAE
L 

mg/kg 

NOAEL 
mg/kg

mg/kg mg/kg
/

8
10
(3) 

5
0 5 0 0.4   

NADH-

 

3  
0 1 0 0.08

NADH-

AP

 

25
32
50 kg

10
12  

8

70 
~90 
kg

 

0 1.38

2.33

0
0.0552

0.0932 

 

 

25 38 
kg(4)

5  
0 0.8  

 

(6)
5  

0 0.2
 

0.008
0.04 

0.2 mg/kg

PEPCK GT
 

 

 

8
12

(3) 

5  
0 0.2
1 

0
0.008
0.04(*) 

TmPAH TmPAH/Cln
 

mg/kg 

PEPCK GT

 

 

 

3  

90  
0 0.09
0.13
0.18(

3
) 0

0.13
0.305
0.79(

2
) 

0.0036
0.0052
0.0072 
( 3

)
0
0.0052
0.0122
0.0316(

2
) 

 

 

 1
0 0.8 0

0.032 
 

 

(*)JECFA  
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Swiss 10 0 50 100 g / / OTA
45 OTA DNA RNA

OTA

SOD
GST

Wistar 10 0 2.4 4.8 9.6 24 mg/kg
/ 0 0.24 0.48 0.96 2.4 mg/kg / JECFA

OTA 2
9.6 mg/kg /

24 mg/kg /
BUN

pH

7.0 6.5

24 mg/kg /
  

Wistar 15 0 0.2 1 5 mg/kg 0
0.015 0.075 0.37 mg/kg / JECFA  OTA

90

8
OTA 90 5 mg /kg OTA

1 mg/kg
90

5 mg/kg OTA OTA

5 mg/kg OTA
90

BUN
  

39 
 



Wistar 5 3 0 5 15 mg/kg /
OTA 24

PAH OTA
PAH

OTA PAH
OTA

Wistar 10 OTA 0 0.5 1 2 mg /kg
10 2 mg/kg
OTA BUN

BUN OTA

Sprague-Dawley 4 6 0 2 mg/kg /
OTA 2 5

OTA
OTA 26%

PEPCK 55%
PEPCK PEPCK mRNA

Sprague-Dawley
6 3~5 OTA mRNA

50 %
Wistar 3 0 2 mg/kg 0 145 g/kg

/  OTA 8 12

1
ALP

GT 1

GT
LDH 4 5

OTA OTA
70 100 6 8

PAH OTA 2 OTA
56% 12 PAH

OTA 8% - -D-
2

40 
 



- -D- OTA

F344 3 0 0.25 0.5 1 2 mg/kg /
OTA 1 5 2

OTA
S3

DNA
2 mg/kg /

OTA PCNA
PCNA

OTA DNA
8-OHdG 1 

mg/kg / OTA

OTA

Wistar 5 0 0.2 mg/kg OTA 28
OTA

OTA
OTA

BUN ALP ALT MDA
 

Wistar 10 0 4 mg/kg 0 0.4 mg/kg

/ 5) OTA 30
OTA T4

T3
 

 

5) JECFA (IPCS:EHC70)
 (kg) (g/ / ) (mg/kg / ) 

0.1 10 0.100

41



10 0 4 mg/kg OTA 3
OTA

42.5% L- 0.8 2.4%
12.5% 15.0%

32 0 2 mg/kg OTA
14

hyperplasia

30 0 0.5 1 mg/kg OTA
42 OTA

LDH GT
AST

47 7 0 2 mg /kg OTA
3 OTA OTA

<0.05 g/kg OTA OTA 15.1 
g/kg

 

 

New Zealand White 4 OTA 0 0.75 mg/kg
0 0.0225 mg/kg / 6) 60

  

New Zealand White 8 OTA 0 1 mg/kg

6) JECFA (IPCS:EHC70)
 (kg) (g/ / ) (mg/kg / )

2.0 60 0.030 
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0 0.03 mg/kg / 6 30 60
OTA

30 60 OTA SOD
60 OTA MDA

OTA 30
60

OTA

3 6 0.1 0.2 mg/kg / OTA
14

OTA

8 1 mg/kg / OTA 5 6

BUN
LDH AST ICDH

 
6 11 OTA

OTB OTC
0 0.2 1

4 mg/kg 0 8 40 160 g/kg / OTA
9 68 1

20kg 90kg 4
1 1

3 pH
BUN
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LDH GLDH
LAP -porcine low-molecular-weight

pH
PAH

LDH GLDH LAP
AST 6 G-6-PD

0.2 1 4 mg/kg OTA
OTA 7.2 8.6 g/kg 36.2

43.3 g/kg 145.0 173.6 g/kg OTA
LAP

160 g/kg / 2 LAP
LAP

40 160 g/kg /
20 OTA

8 g/kg / PAH
TmPAH TmPAH

40 g/kg /
OTA GLDH 160 g/kg / OTA

LAP 8 g/kg / OTA

40 g/kg /
90 kg 

160 g/kg / OTA
8 g/kg / OTA

9 4 40 g/kg /

40 160 g/kg 

/ OTA
 8 g/kg / LOAEL  

25 32 50 kg 10 12
25 kg 0 1.38 mg/kg 0.0552 mg/kg

/ 7) 8 70
90 kg 0 2.33 mg/kg 0.0932 mg/kg /

7 OTA OTA

7) JECFA (IPCS:EHC70)
 (kg) (g/ / ) (mg/kg / ) 

60 2,400 0.040
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25 
kg 50 kg OTA

OTA

3 0 5 mg/kg 0.4 mg/kg
/ OTA 5 0 1 mg/kg 0.08 mg/kg

/ OTA  3
5 mg /kg OTA 5

NADH

1 mg /kg OTA 3

NADH
ALP

4 0 0.8 mg/kg / OTA
5

6 0 0.2 1 mg/kg 0 0.008
0.04 mg/kg / JECFA OTA 5

PEPCK GT  
3 0 0.2 1 mg/kg 0

0.008 0.04 mg/kg 7 OTA 5
OTA TmPAH

TmPAH/Cln

1 mg/kg
PEPCK GT OTA

PEPCK  
3

0 90 130 180 g/kg 0 3.6 5.2 7.2 g/kg 

/ 7 OTA 3 2 0 130
305 790 g/kg OTA

OTA

3 5
1 pH
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3 790 g/kg
5

3 OTA 1 800 g/kg

OTA

OTA 7

A
(

/ ) 
 LOAEL

mg/kg 
 

NOAEL
mg/kg 

 
mg/kg

 
mg/kg

/

ddY
(16) 

5
30  

50 7 OTA 10

15 20 25
30

3/15 1/14 2/15
4/17  

25
5/15 30

6/17  

7 

70

 

ddY  
(10) 

44 40 5.6 9
5 9

2

5.6

DDD
(20) 

70 25 3.5 
6

8  

3.5  

B6C3F1
(

50)

24 1 40 0.15 6 40 mg/kg 

53%
29%

6 OTB
7%

9%

F344/N
(

80)

9
15
2

5

0.021
0.07 0.21 

2
0 21 70

210 g/kg
1/50 1/51

20/50 36/51
0/50 0/51 2/50 8/50  

0.07 0.021 9 15

15
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(
/ ) 

 LOAEL 
mg/kg

 

NOAEL
mg/kg

 
mg/kg

 
mg/kg

/

F344/N 
(5) 

90
5

0 0.021
0.070
0.21

0.07 mg/kg 0.07 0.021  

Dark 
Agouti

8

3
6 9

2

5 3 6
9

0.4
2  

0.009~0.
25 

5 ppm OTA

20% 6
1

9  
20 4

 
400 ppb OTA 2

 

OTA
OTB

5 10%

F344
34  

2 0.05
~333 

g  

100 mg/
/  

34 4 12%

NTP
OTA
30%

  

8 10
(6) 

2 0 1 0 0.041 
mg/kg 

(*) 
 

 

NADH-

 

  

(*)JECFA

 
 44

ddY 10 0 40 mg/kg 5.6 mg/kg /
JECFA OTA 44

5 OTA

9 5 9
2

OTA

 
 70

DDD
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6 20 25 mg/kg OTA 3.5 mg/kg
/ JECFA 70 OTA

20 6
8 OTA

17 1

ddY 16
70 50 mg/kg OTA 7 mg/kg /
JECFA 0 5 10 15 20 25 30

70 OTA
OTA

OTA 10
OTA

OTA
OTA 15 20 25 30

3/15 1/14 2/15 4/17
OTA 25

5/15 30 6/17
8  

 A ddy

( )  (%) (%) (%) 

0 15 0 0 4 (26.7) 
5 16 0 0 8 (50.0) 

10 15 0 0 3 (20.0)
15 15 0 3 (20.0) 11 (73.3)
20 14 2 (14.3) 1 (7.1) 6 (42.9) 
25 15 5 (33.3) 2 (13.3) 4 (26.7) 
30 17 6 (35.3) 4 (23.5) 8 (47.1) 

  
OTA

2
JECFA

 

 
 24  

B6C3F1 45 50 0 1 40 mg/kg
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OTA 0 0.15 6 mg/kg / 8) 24

OTA 84% OTA 7% OTB 9%
40 mg/kg OTA 25% 33%

hyperplasia

OTA
1 mg/kg OTA

40 mg/kg OTA
21

50 26 52%
14 28% 26 9

OTA 9%

9

 
 A B6C3F1  

(mg/kg 
)

     

           
0 50 0 0 1 0 
1 47 0 0 5 3 

40 50 26 14 6 4
    
0 47 0 0 0 0
1 45 0 0 1 1 

40 49 0 0 2 5 

 
18 1 mg/kg 

40 mg/kg  OTA 65% 75% 98%
1 

mg/kg OTA 4
40 mg/kg OTA

8)  JECFA (IPCS:EHC70)
(kg) (g/ / ) (mg/kg / )

 0.02 3 0.150 
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OTA OTA

 13

F344/N 10 0 0.0625 0.125 0.25 0.5
1 mg/kg OTA 98% 13 1 5

NTP

OTA

0.125 mg/kg

 9

F344/N 15 0 21 70 210 g/kg
OTA 98% 9 1 5

NTP 70
210 g/kg OTA

210 g/kg
1

 15

F344/N 15 0 21 70 210 g/kg
OTA 98% 15 1 5

NTP 70
210 g/kg OTA

3

210 g/kg

210 g/kg 2
70 g/kg 1

1

50



 2

F344/N 50 0 21 70 210 g/kg
OTA 98% 5 2

NTP
OTA F344/N

2 13

15 9 15 210 g/kg OTA
18 77 6 89

4 7%

OTA
0 21

70 210 g/kg OTA
1/50 2% 1/51 2% 6/51 12% 10/50(20%

0/50 0% 0/51 0% 16/51 31% 30/50 60%
70 210 g/kg OTA

20/51 39% 36/50 72%

210 g/kg OTA

210 g/kg 
0 21 70 210 g/kg OTA 7 19

23 26 70 210 g/kg OTA

15/23 65% 18/26
69%

70 210 g/kg 3/8 38% 11/15 73%
0/7 0% 3/15

20% OTA 21 g/kg 
OTA 70 210 g/kg 

0 21 70 210 g/kg OTA
0/51 0% 0/51 0% 2/50 4% 8/50 16%

OTA
OTA 210 g/kg 

4~5/50 8~10% 14/50 28%
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13
9 15 24 70

210 g/kg OTA

JECFA NTP
70 210 g/kg OTA

16/51 31% 30/50 60%

21 70 210 g /kg OTA 0/50 1/50
3/50

70 210 g/kg
OTA

45 46% OTA
NTP

S3
2

S3
16

13

2

OTA

74%

OTA
d-

B

OTA DNA JECFA
OTA DNA
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NTP 10 12
NOAEL 21 g/kg LOAEL 70

g/kg

 
 A

LOAEL NOAEL 

   
LOAEL
g/kg

NOAEL
g/kg

( )a

 
90 62.5

9 15 70 21
2 70 21

a 5 / NTP 1989

A
OTA

( g/kg )a 0 21
 

70 210
(%) 0/50 1/51(2) 51/51(100) 50/50(100)

a 5 / 2   NTP(1989)   

 A
OTA

( g/kg / )a 0
 

21 70 210 
(%) 1/50(2) 1/51(2) 6/51(12) 10/50(20) 

<0.001  =0.669 =0.023 <0.001

<0.001  =0.669 =0.053 =0.004 

(%) 0/50 0/51 16/51(31) 30/50(60) 
<0.001 - <0.001 <0.001

<0.001 - <0.001 <0.001

/
(%) 

1/50(2) 1/51(2) 20/51(39) 36/50(72) 

<0.001  =0.669 <0.001 <0.001

<0.001  =0.669 <0.001 <0.001 

a 5 / 2   NTP 1989  
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JECFA NTP
OTA BMD

9)

12
EPA BMD

ver.1.4.1
10% BMD10 95%

BMDL10 250
BMD10 BMDL10

13
OTA BMD10 18 33 g/kg / BMDL10 15

 25 g/kg / 10) BMD10 30 
g/kg / BMDL10 25 g/kg /

BMDL10

LOAEL 8 g/kg / PTWI
Point of departure: POD

 
NTP F344

BMD10 BMDL10 JECFA

 
( ) 

p-  AIC P-  
BMD10 

g/kg /
 

BMDL10 
g/kg /

 
Full model -71.61     
Gamma 
multi-hit

-76.36 0.02 158.7 4.91 0.03 30 18 

Log-logistic -75.57 0.05 157.1 3.46 0.06 32 21 
Multistage -77.29 0.01 160.6 5.96 0.01 24 15 
Log-probit -75.05 0.09 156.1 2.64 0.1 33 25 
Quantal-linear -77.74 0.02 159.5 5.99 0.05 18 15 
Weibull -76.68 0.01 159.4 5.27 0.02 28 17 
Reduced model -120.77 <0.001     

AIC:
 

 NTP 1989 OTA 5 / 2
  

9) BMD 5% 10%

NOAEL LOAEL
BMD BMDL BMD 95%

95%
10) p- 0.1 X2
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NTP

BMD
NTP 2 5

5/7
EPA BMD ver.2.3.1 Restriction

on off
LogProbit Restriction on LogProbit Restriction off

BMDL10

LogProbit Restriction off BMD10 23.7 µg/kg /
BMDL10 16.1 µg/kg / 14

 
 NTP F344

BMD10 BMDL10

Power
parameter 

Slope 
parameter AIC p   

BMD10

g/kg 
/  

BMDL10

g/kg /
 

Gamma restricted 158.866 0.0253 22.1248 13.0134 
unrestricted 158.866 0.0253 22.1248 13.0134 

Logistic not restricted 168.437 0.0003 37.4076 30.6388 
LogLogistic restricted restricted 157.279 0.05972 2.7799 14.8076 

unrestricted restricted 157.279 1.1597 22.7799 14.8076 
LogProbit restricted restricted 156.201 0.1004 OK 23.7466 18.1891 

unrestricted not restricted 156.201 0.1004 OK 23.7466 16.092 
Multistage restricted(2) 160.789 0.0135 17.4057 11.0617 

restricted(3) 160.789 0.0135 17.4057 11.0617 
Unrestricted(2) 160.789 0.0135 17.4057 10.5968 
Unrestricted(3) 155.253 27.1372 20.7351

Probit not restricted 166.647 0.0005 35.1238 29.1336
Weibull restricted 159.52 0.0203 20.4683 12.051

not restricted 159.52 0.0203 20.4684 12.0357 
Quantal-linear 159.753 0.0464 13.2651 10.5944 

 
 90

OTA
F344/N 5 OTA 0 21 70 210 g/kg

/ NTP 2 14 28
90 5 /

N-acetyl- -D-glucosaminidase NAG

70 g/kg OTA

70 g/kg 
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21 g/kg
/ NOAEL
21 g/kg / OTA

OTA

 2

Dark Agouti 5 5 mg/kg 0.25 mg/kg
/ OTA 3 6 9 2

0.4 mg/kg 0.02 mg/kg / OTA 2
OTB 5 10

5 mg/kg
OTA 20% 6 1

9 20 4
OTA 35 97

0.4 mg/kg OTA 2
Dark Agouti OTA

NTP 2 50 g/kg
/ 20 30 g/kg /

 
 2  

F344 64 333 g 300 g/kg
/ 100 g/ / 2 OTA OTB OTA 5

10
18 OTA 8 g/ml

75
2

1 2
25% 16/64 20%

OTA 30
333 g NTP

2 OTA
NTP

 

 2

F344 34 2 OTA OTB 5 10
175 g

OTA 0.05 mg/kg /
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34 4 12% NTP OTA
30%

 2

3 1 mg/kg / OTA 25 50 mg/kg /
EFSA 40 mg/kg / 2

3

2

NADPH LDH G-6-PD

OTA
OTA

15

 
 A  

/  
 

LOAEL
(mg/kg 

/ ) 

NOAEL
(mg/kg 

/ ) mg/kg mg/kg 
/

CBA  
(10) 8 9

-2
2

14  

0 1 2
4 
(

) 

 
8 9

 

 

CD-1  

(10~13) 
8

18
 

0 2 3

(
)

 
2

 

ICR
10

0 3  3

 

/ 7.5

2
(NaHCO
3 ) 

 2
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/
 

LOAEL
(mg/kg 

/ ) 

NOAEL
(mg/kg 

/ ) mg/kg
 

mg/kg 
/  

Wistar

(12~20) 
8

 

8 9

2.5 8~11

1.2 8~13

0.83
8~15

0.63

 

4

Wistar

15

8 9

2.5 8~11

1.2 8~13

0.83
8~15

0.63 

 

N/A

 

Sprague
-Dawley

(10 ) 

6  
15  

0.25
0.50
0.75 1
2 4
8  

 

 

0.25

 

Wistar
5  

2, 4, 
6 8

2 0.289 -
ALP

GT  
 

0.289 

 

Sprague
-Dawley

(6~9) 

6 15

0 1 
 

1

 

Wistar
(10) 6 15  

0 0.125
0.25
0.50
0.75 

0.5 mg/kg

 
0.25 mg/kg

 

0.25

 
Wistar

(10) 6 15

0 2.0
2.5
2.75
3.0 3.5
4.0 

 

2.75

 

New 
Zealand 
White

(5)

6 18

0 0.025
0.05
0.10  

0.10

 

Holstein
3-6

1

0.2
0.75
1.66  

 1.66 
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8 9 1 CBA
10 OTA 0 1 2 4 mg/kg

19
4 

mg/kg OTA 8 9
17.3 22.2%

8 9 1.04±0.02
g 1.09±0.02 g 4 mg/kg OTA 8 9

0.93±0.02 g 0.62±0.02 g 4 
mg/kg OTA 8 9

OTA 10.4% 7/67 89.3%
50/56 6% 4/67 26.8% 15/56 6% 4/67

16.1%(9/56) 1.5% 1/67  41.1%
23/56

2 2 4 6 7 10 11 12
13 14 16 4 mg/kg OTA 19

7 10 11 13
14 9

 
CD-1 10 13
26% 16% 8% 4%

OTA
8 0 2 3 mg/kg OTA

18 OTA
OTA

3 mg/kg OTA 26% 16% 8% 4%
OTA 48

5 4 1 14
8% 4% OTA

OTA 26% 16
OTA

OTA 4%
 

10 ICR 3 mg/kg OTA
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6 OTA

6
OTA OTA

/ NTD 13.2 %
 + 7.5 2 mg/kg

OTA 51.6 %

Sprague-Dawley 10 0.25 0.50 0.75 1 2
4 8 mg/kg 6 15 OTA

OTA 4 8 
mg/kg OTA 1 10

1 2 mg/kg OTA
0.25 0.50 0.75 mg/kg OTA

20 0.75 mg/kg

0.25 0.50 0.75 mg/kg 20
0.75 1.0 mg/kg

96 5
28 16 1.0 mg/kg

0.25 mg/kg OTA
 

Wistar 5 289 mg/kg 2 4 6
8 OTA 48 -

ALP GT   
6 15 Wistar 12 20 5 0.16 mol/L

5 mg/kg OTA
8 9 2.5 mg/kg / OTA

8 11 1.25 mg/kg / OTA 8 13
0.83 mg/kg / OTA 8 15 0.63 mg/kg

/ OTA OTA
20 8 9 2.5 mg/kg OTA

8 9 10 1.67 mg/kg OTA
20

1 OTA
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1
1

1.2 mg/kg /
celosemia

OTA 1.25 2.5 mg/kg / 5 mg/kg
82

4
OTA 2.5 

mg/kg 2 82
12 8% 15 26%

40% 20
6 15 Sprague-Dawley 6 9 OTA 0

1 mg/kg / 20

OTA
30 6 20 4

13.3% 2 6.7%
15 6 40 3 20 L-

43.0 mg/kg OTA OTA
  

6 15 Wistar 10 OTA 0 0.125 0.25
0.50 0.75 mg/kg /

0.25 mg/kg / OTA
0.75 mg/kg / OTA

0.50 mg/kg /
OTA

OTA OTA 0.5 mg/kg /

0.25 mg/kg / OTA

 
6 15 Wistar ( 10 ) 0 2.0 2.5 2.75 3.0

3.5 4.0 mg/kg / OTA 20
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OTA
2.75 mg/kg /

6 7

 

6 18 New Zealand White 5 0.025 0.05
0.10 mg/kg / OTA

0.10 mg/kg /

  

3 6 1 0.2 0.75
1.66 mg/kg / OTA

 

16 17

 
A

 
-  

 OTA   

TA1535
0.1 1 10
100 g/

  
S9 mix  

  

1978 
TA100   
TA1537
TA98   
TA1535 0.5 5 50

500 g/
  

S9 mix  
  

1980  TA1537   
TA1538   
TA1535

50 100 200
400 600 g/

  
S9 mix  

  

1985  
TA100   
TA1538   
TA1537   
TA98   
TA1535

1 3.3 10
33 100 g/

 

S9 
mix 

  

1989  
TA100   
TA98   
TA97   

TA102,
37 111.1
333.3 991.2 

g/  
S9 mix   1991  
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 OTA   

TA1535 0.2 M/2ml 

OTA
2  

n.d. +

1991
TA100 0.2 M/2ml n.d. +
TA1538 0.2 M/2ml n.d. +
TA1537 0.2 M/2ml n.d.
TA98 0.2 M/2ml n.d.  

TA1535 0 121 403
1210 g/

0 0.3
1 3 mM/

 

 S9
 

 + 

1999  TA1538 
S9

 
 + 

TA98 
S9

 
 + 

TA100

10 200 mg/
 

/
NADPH GSH

GSH S-
S9

NADPH GSH CYP3A4
HRP+  

  

2001  

TA2638 

TA100 2.5 5 10
25 50 mM/L 

HepG2
S9mix 

2002 
TA98 

TA100 

0.01 0.04
0.05 0.1 0.2
0.25 0.5 mM/

S9 mix
OTA

 

  

2003  

TA102   

TA104   

TA1538   

TA1537   

TA98   
TA1535   
TA97a   

WP2
0.1 1000 
mg/ml

S9 mix   
1985  

WP2
0.1 1000 
mg/ml

S9 mix   

0.1~100 
mg/plate

S9 mix   1978  

n.d.:

-
 OTA     

 

 

C3H

 
5 10 mg/ml    n.d

. 

pSV.SPORTlacZ

 
1977  

 L5178Y 
TK+/- 

0.1 0.5 1
2.5 5 7.5
10 12.5 mg/ml S9 mix 

 
 

25 mg/ml
 

1985  
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 OTA     

 NIH/3T3(
CYP

2 10 50 100 
mg/ml 

CYP

 
  

CYP1A1
CYP1A2
CYP2C10
CYP3A4 OTA

CYP2D6
CYP2E1

 

1996
 

 

HPR
T

 

V79  

0.1 0.25 0.5
1 2.5 5 10
50 100 mM 

S9 mix
  2003  

 

HPR
T

V79  

35 80 187
483 mM 3

 
 S9 

mix 
( ) (

) 

 

 
 

2007 
 

 

)

LY5178/T
K+ 

3 81 188 438 
mM 3  S9 mix 

( ) ( ) 

81 mM
S9 3 188 
mM S9

n.d.:  

 

-
  OTA  

 

OSV

12 18 24 30 
M/L 

12 M/L

OTA
1997

SHE
5 10 15 20 

M/L 
  n.d. 

5 15 M/L
20 M/L

OTA 36

OTA
1999  
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  OTA  
 

 
HepG2  

25 g/ml 1
2      

2002  
5 10 25 50 

g/ml (24   n.d. 
5 25 g/ml

 
CHO  

30 50 100
160 300 g/ml 

1989

 
6

 
0.015 M/L 

S9
mix

 
X

BEN

1990 

 
0.1 0.5 1 2 

M/L  n.d. 

0.1 M/L

0.1 M/L 2 3
2 M/L 4 5

2004  

 
V79

24.8 53.2
114.9 247.6
532.4 1149.0

2476.4 M/L 

S9 mix 
  

2476.4 M

2008  

(
1 )

S9 mix 
  

532.4
 

n.d.:  

 

-   
OTA

 

SOS  20 100 mg/disc 1975  

SOS n.d. 1986

SOS  PQ37 1 2 4 mM  

E

C Trolox C OTA

 

1994  

DNA
 

BALB/c

 
10 g/ml n.d. 

48 DNA
 

1985 
 

DNA
 

 

25 50 100 200 
g/ml 

n.d. 200 g/ml  

1986  

     n.d. 
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  OTA   
 

 

DNA
(

) HepG2 

5 10 15 20
25 30 M/L 

n.d. 2002  

DNA  
(

)
MDCK  

0.001 0.01 0.1
10 100 500 M

S9 
mix 

S9 mix DNA
 

 

2003  

DNA
(

)
V79

500 1000 2000 
M/L 1 ) 

0.25 0.5 1 2.5 
M/L 24

n.d.

2.5 M 24

 
OTA

500 mM/L
2000 mM/L

Fpg
DNA  

24 0.5 mM/L
OTA

DNA
Fpg

2005 
 

DNA  
(

)
CV-1

 

   n.d. 

1mM/L
 

1 OTA
1000 M/L
DNA Fpg

EndoIII

24 OTA
DNA

Fpg

DNA  
(

)

25 50 100 
M/L 

   n.d. 

OTA DNA

 
Fpg EndoIII

DNA

2005  

DNA  
(

)

CYP2C9
CYP3A4

NIH/3T3

10 25 50 100
150 200 mM

8h  

CYP2C9
CYP3A4 

  

OTA

CYP2C9
200 M  

2006 

DNA  
(

)
100 M/L 3h ± n.d. 2006  
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  OTA   
 

 

DNA
(

)
HK-2

50 M 6 24
 

n.d.

6  
24

 
Fpg EndoIII

DNA
2007  

DNA  
(

)
HK-2

50 100 200
400 600 mM 6

 

S9 
mix 

 ± 

3 S9
 

EndoIII Fpg
DNA

S9 Fpg
 

2007  

DNA  CHO  
0.2 0.8 1 mM

3  
n.d. 2009  

DNA 
 

ACI
0.1 1 mM 0.4
4  

n.d. 1 mM 1984

 C3H
1 10 mM 4
40  

n.d. 10 mM 1984 

DNA 
 

F344

 

0.0000025
0.000005
0.00025
0.0005 0.0025
0.005 0.025
0.05 g/ml 

n.d. 
0.025 M

 
1985  

DNA 
 

F344
 

0.01 0.1 0.5
0.75 1 M 

n.d. 

1 M

0.75~1 M

1997 

0.25 0.5 0.75
1 1.5 3 M 

n.d. 

0.5~1 M

1 M
 

DNA
 

 

0.05 0.1 0.25
0.5 0.75 1 1.52 

M/L 24
n.d. 1998  

DNA
 

(
66

4  

0.05 0.1 0.25
0.5 0.75 1 1.5
2 M/L 24 )

n.d. 

0.5 M/L
 

0.05 M/L DNA
 

0.05~0.5 M/L
OTA

2000  

 
(PHA ) 

5~10 g/ml  n.d. 
10 g/L

 
1984  

 
CHO  

5 16 50 160
500 g/ml 2

) 

S9 
mix 

  

S9

500 g/ml
1989 
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  OTA   
 

 

 
0.001 0.01 0.1
1 10 M/L

OTA
OTA 0.01~0.1 M/L

 
10 M/L

1991  

 
0.1~2 M/L

72h  
n.d. 2004  

 
V79  

24.8 53.2
114.9 247.6
532.4 1149.0
2476.4 M 

S9 mix 
  

2476.4 M
 

2008  

S9 mix 
532.4 M

 

+: n.d.  

 

 

A

  
OTA

 
  

Swiss
 

1 g/kg 
14  

 
A 132 IU/kg /

OTA

1994  

 
 

1 g/kg /
45  

C 10 mg/kg /
OTA

1994  

 
F344

,  

0 250 500
1000 2000 

g/kg 5
/ 2

DNA
 

2005  

 

BALB/c
0.6 1.2 2.4 

mg/kg 
24

2008  

3  

0 25 50 100
200 400 mg/kg  100 mg/kg  1985  

DNA

 

BALB/c

 

2.5 mg/kg
 

24 DNA

48
1985  

DNA

 

Wistar

10

0.29 mg/kg 

48 12
 1986  
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OTA

 
  

F344

0 250 500
1000 2000 

g/kg 
1

5 2  

 

500 g/kg
DNA  
250 g/kg DNA

Fpg DNA

Fpg
500 g/kg DNA

2005  

F344

5

0 0.03 0.1
0.3 mg/kg /

4

Fpg
DNA  2005  

Wistar

5

0.5 mg/kg
7 , 

14 , 21  

7  
OTA

DNA  
2006  

 

F344 

delta

5  

0.36~0.38
mg/kg 

4 13
 

Spi-

DNA
 

2011  

 

in vitro 16 1 16 2

Ames
OTA

TyphimuriumTA1535 TA1537 TA1538 TA100
TA98 TA97 0.1~500 g OTA/

S9 HepG2
S9

Wistar 100
M/L OTA 24 200 nM OTA /2ml

TyphimuriumTA1535 TA1538
TA100

TyphimuriumTA100 TA1535 TA97a TA102
TA1537 TA1538 NADP

Typhimurium TA98 403~1210 g OTA/
TA1535 TA1538  121~1210 g OTA/
OTA

OTA
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Typhimurium TA102 TA2638 OTA

Aloclor 1254 CYP S9
CYP3A4

WP2 WP2 A
OTA S9

OTA L5178Y
TK

V79
HPRT

Aloclor 1254 S9
C3H

CYP CYP1A1 CYP1A2
CYP2C10 CYP2D6 CYP2E1 CYP3A4 NIH/3T3

L5178Y TK V79
HPRT

OTA

in vivo 17

F344/NS1c-Tg delta 11) 5 0 5 mg/kg
( 0.36 mg/kg / 0.38 mg/kg / OTA 13

DNA 8-OHdG

OTA OTA
OTA DNA

  

 

in vitro 16 3

6

11) red/gam Spi-

Spi-
10 kb  
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OTA
V79 ( 1 )

S9
OSV SHE

HepG2
SHE OTA

S9 mix
CHO

OTA
CHO V79

S9 mix
PHA

 

 
in vivo 17

OTA
 

1 g/kg / 14 OTA
45

OTA OTA
A

OTA   

BALB/c 0.6 1.2 2.4 mg/kg 
24

 
F344/NS1c-Tg delta 5 0 5 mg/kg

( 0.36 mg/kg / 0.38 mg/kg / OTA 13

4
OTA Spi- DNA
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 DNA

in vitro 16 4

SOS DNA DNA

OTA E
BALB/c CHO

DNA

DNA DNA

CHO MDCK
HepG2

DNA
Fpg III EndoIII

12) V79 CV-1
HK-2 OTA

DNA V79 HK-2
OTA ROS

OTA DNA
 

NIH/3T3 OTA
DNA ROS  

HK-2 ROS N- -L-
DNA  

100 M OTA 3
22 28 OTA

DNA  

 
in vivo 17

BALB/c 2.5 g/kg OTA

24 DNA 48

72 DNA   
0.29 g/kg OTA 48 12 Wistar

12) Fpg EndoIII DNA
abasic site DNA
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DNA

F344 0 0.25 0.5 1 2 mg/kg OTA 1
5 2 72

0.5 mg/kg
0.25 mg/kg DNA

Fpg
DNA

0 0.03 0.1 0.3 mg/kg OTA 4
24 F344

Fpg
OTA DNA 0.5 mg/kg

OTA 7 14 21 24
Wistar

Swiss ICR 4 6 OTA 3 6 mg/kg 
24

OTA DNA
DNA

/ /  

 
 

Wistar 4 0 290 g/kg OTA 48

1 6 4 OTA
OTA

OTA 6
OTA 100 ng/g 4

  
F344 10  0 120 g/kg / OTA 10

20 35 OTA
10 20 OTA 3

LDH N- - -D-
-5 - -Ca2
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/Mg2 ATPase GT
10 20 OTA GT 3 OTA

35 OTA

SPF Wag 10 12 27 30
0 70 340 1,680 g/kg OTA 4

1,680 g/kg OTA OTA
OTA

340 g/kg
/ OTA 70 g/kg / OTA

Wistar 8 289 g/kg / OTA OTA
10 mg/kg /

1 N- -D-
NMDA 2A NR2A 2B NR2B

OTA
NR2A NR2B NMDA

OTA NR2A NR2B

 

in vitro

OTA
ROS 8-OHdG DNA

-H2AX OTA DNA
N- -L-

NAC OTA ROS DNA
CDK4  D1

G1
OTA OTA ROS DNA

G1
 

in vivo

Swiss 30 0 4 mg/kg OTA

ConA
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BALB/c 8 0 6 250 2,600 g/kg OTA
28 90 0 1 40 400 g/kg /

250 g/kg OTA 28 2,600 g/kg
OTA 90 OTA

OTA
2,600 g/kg OTA 90

OTA 20%
28 T

90 250 g/kg OTA
CD4+/CD8+ CD4+ CD8+

OTA T
24 10 (SRBC)

28 SRBC

OTA PR8
OTA

OTA

BALB/c 3 2 OTA
0.18 30 200 g/kg 5 30 g/kg /

OTA
14 28

14
28 200 g/kg

OTA
20 67% 200 g/kg OTA

T CD4+ CD8+

T

A Con A -2(IL-2)
PR8

NK

OTA    

11 Sprague-Dawley 4 5 0 10
50 250 g/kg OTA 14

OTA
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OTA OTA
OTA

OTA 250 g/kg
OTA

(LPS) 10 50 
g/kg / Con A

Sprague-Dawley 4 5 1 5
0 50 g/kg OTA 2

OTA OTA
OTA

4
14 22 13

14 OTA 4.1±0.8 130±14 640±86
860±100 g/L

OTA Con A
5

PR8 18 ELISA PR8

10.7 ±0.45 10.0
±0.36 13 NK

OTA OTA

 JECFA
OTA

 
SPF Wag 10 12 27 20

OTA 0 70 340 1,680 g/kg 4
OTA 1,680 

g/kg 

340 g/kg / 1,680 g/kg /
OTA G

 
T 1,680 

g/kg
Wistar 10 0 50 150 450 g/kg /
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OTA 28
OECD 407 1995 13)

OTA Yac-1 NK
450 g/kg / NK

4 HRBC
HRBC

T-
50 g/kg /

50 450 g/kg / OTA
150 g/kg /

F344 5 0 1 4 mg/kg OTA 1
5 16

Wistar
10 OTA 5~50 mg/kg

10 22 0 2 4 mg/kg OTA

20 OTA
 

0 5 mg/kg OTA 56
OTA 1 2 -

0 2 4 mg/kg OTA 20
OTA IgG IgA

IgM OTA 2 mg/kg 5 6

13 15 0 2.5 g/ OTA
20 OTA

IgG IgM
OTA 1 2 4

OTA

OTA

13) OECD 28
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10 25 OTA 0 0.5 2 mg/kg 21
OTA OTA

New Zealand White 8 OTA 0 1 mg/kg
30 60 OTA

 OTA

. 1 OTA

OTA OTA

Wistar

 [3H]-OTA pH8
OTA

pH6

OAT-K1 H+

H+-dipeitide cotransporters OTA
OAT-K2 OAT1 OAT3 OAT5

OAT1 OAT3 OAT4 OTA

MRP2 MRP1

OTA  
Sprague-Dawley OTA

ATP S2
S3 OTA

OTA OAT1 OAT3
OTA

  
Sprague-Dawley 5

mRNA
OAT1 OAT3
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C57BL/6
129J OAT1 mRNA OAT2

mRNA OAT3 mRNA
129J C57BL/6

Wistar
OAT1 S2

OAT3 S1 S2
OAT1

OAT1
OAT1

OTA
OTA OTA

OTA

OTA OTA
OTA DNA DNA

MAP

a

(a) OTA DNA

DNA DNA
DNA

DNA

OTA DNA

in vitro

NADPH
DNA OTA

32P-
OTA DNA

OTA CYP
 

OTA DNA OTA DNA Swiss
Fauves de Bourgogne NADPH
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32P-
TLC DNA

DNA DNA
126 /109 DNA 4

OTA OTBr14) OTHQ WI26
HK2 DNA 32P-

OTB
DNA

OTB
32P-

C8 OTA 5 C-C8-dG-OTA
OTA

OTQ/OTHQ OTA
OTHQ OTB C-C8-dG-OTA

O-C8-dG-OTA15) NMR UV
OTA DNA

C-C8-dG-OTA LC-MS

C-C8-dG-OTA OTA DNA
HRP /H2O2

 
OTHQ 32P-

TLC
OTA 

OTA OTHQ
DNA  

32P- TLC
OTA

OTA  
 

NADPH GST HRP CYPs
OTA

HPLC LC-MS/MS OTA
OTQ/OTHQ

14) C5
15) C8 OTA 8  
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CYP3A4 4 - OH-OTA 4 -OH-OTA

H HRP
32P- [3H]-OTA OTA

OTA DNA
 [3H]-OTA [3H]-OTA DNA

in vivo

Swiss 0.6 1.2 2.5 mg/kg OTA
32P-

OTA 24 TLC DNA
2.5 mg/kg 

72
0.6 1.2 mg/kg 48

72 DNA
DNA 7 40

/109

OTA 0.02 mg/kg / 3
Dark Agouti 3 2 0.4 mg/kg /

8.3 mg/kg / 3 F344
6.8 mg/kg / 3 DNA

32P- TLC DNA
C-C8-dG-OTA

C-C8-dG-OTA
  

32P- BALB/c OTA 3.5 1056 
g/kg 

17 SWR/J 2.5 mg/kg
OTA 1

32P- 5.2/109

4.2/109 DNA

TLC C-C8-dG-OTA
 

32P-
 HPLC

LC-MS/MS
F344 3 0 2 mg/kg OTA 5
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2 OTA
72 LC-MS/MS 32P-
OTA OTHQ

OTA OTA OTA
DNA
0 210 g/kg OTA 90 F344

5 0 250 500 1,000 2,000 g/kg OTA
2 F344 3 DNA

LC-MS/MS
OTA 32P-

OTA 72 OTA
DNA C-C8-dG-OTA OTA 90

3.5 6.0 C-C8-dG-OTA /109DNA
OTA 2
1.6 6.08 C-C8-dG-OTA /109DNA

OTA DNA
 

LC-MS/MS OTA DNA

 
F344 ( 4 ) [3H]-OTA 1 mg/kg 

24 DNA [3H]-OTA
2.7 /109DNA

32P-
OTA OTA

32P- OTA
OTA DNA  

F344 3 0 500 g/kg [14C]-OTA
72 DNA

AMS 14C
14C

DNA 3 /109

EFSA

OTA 24 DNA
[14C]-OTA

72 DNA DNA
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b OTA

F344/NS1c-Tg t delta 5 0 5 mg/kg
( 0.36 mg/kg / 0,38 mg/kg / OTA 13

OTA 4

DNA
OTA

DNA Spi-

OTA

OTA 
F344/NS1c-Tg delta

OTA 4
OTA

DNA
DNA G2/M

DNA

OTA DNA
OTA

G2/M

 
OTA

OTA DNA
p53 KO delta

KO delta WT 0 1 5 mg/kg
OTA 4 OTA WT

5 mg /kg OTA KO WT 

5 mg OTA/kg  KO
WT Spi-
KO OTA DNA

DNA
p53 OTA
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b

a

OTA ROS DNA

OTA DNA

Fpg EndoIII DNA
OTA DNA

OTA

ROS Fe
NO iNOS

32P- DNA OTA
LPO

LPO DNA DNA 2'- 8

8-OHdG DNA
MDA

 
OTA OTA Fe3+

ROS Fe3+ O-
OTA OTA

 

 
in vitro

LLC-PK1 OTA
OTA ROS

15 M OTA 8- 16)

NAC 8-
 

OTA  HK-2 50 
M OTA 6 24

16) 8 8- ROS DNA
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6 83% 24 53% 6
DNA ROS ROS

 mRNA
24 ROS DNA

DNA
DNA

RL-34
NRK 1.5 6 mol/L

OTA
Nrf2 DNA

Nrf2 Cafestol
Kahweol1 OTA

OTA

LLC-PK1 OTA Nrf2
Nrf2 GST GCS

OTA OTA 25 M Nrf2

ROS
OTA 1 2.5 M GST

OTA 10 25 M

HEC293 20 M OTA 2
m ROS

66
OTA
NAC OTA ROS

m OTA
OTA

ROS

 
32P-  

DNA
A C E

HepG2 Caco-2
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OTA

in vivo

Wistar 6 0 289 g/kg OTA 48
3 OTA 1 SOD

OTA
OTA

OTA

Lewis 20 0.4 mg/kg OTA 1 3
2 OTA

2- MESNA 17)

OTA
32P- DNA

OTA 6/20 OTA
MESNA 8/20 MESNA

OTA

Wistar 8 OTA 289 g/kg 
10 mg/kg /

OTA
 

OTA
OTA Wistar 6 289 

g/kg OTA 1 14 OTA
LOOH

GSH / GSSG SOD
OTA

 
Sprague-Dawley 10 0.2 mg/kg OTA

4 DNA
RSH LOOH -1 HO-1

OTA DNA
DNA

17) MESNA LPO

86



OTA OTA
RSH LOOH

OTA 3-O- -D-
C3G OTA

HO-1
OTA

F344 5 OTA 21 12
333 g 300 g/kg /

100 g/ / OTA
GSH - GCLC GSTP1
GSTA5 GSTM1 OTA

NRK
OTA

DNA
Nrf2 OTA

RL-34
OTA Nrf2 DNA Nrf2

DNA
DNA 12 OTA

OTA DNA
OTA

Nrf2
Nrf2

OTA
 

Wistar 6 0 5 ng/kg 50 g/kg OTA
15 MDA

PCS 50 g/kg 
5 ng/kg OTA

SOD  
Sprague-Dawley 6 0 0.5 mg/kg /

OTA 14

OTA SOD
GSH
OTA OTA

10 3 MDA
OTA 5 mg/kg

/ OTA GSH
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OTA
10 0 0.05 0.1 mg/ / OTA 45

MDA
SOD

GST
0.1 mg/ / OTA

Sprague-Dawley albino 10 0 0.2 mg/kg
OTA 4 NO DDAH NO

NOS OTA
NO NOS iNOS

NOS eNOS
NOS DDAH-1

C3G

OTA
 

F344 3 OTA 0 0.3 1 2 mg/kg 
4 8 24 48 MDA

GC-MS MDA
OTA 1 mg/kg DNA 8-OHdG

 
NRK OTA

NO HO-1 iNOS
OTA NO DNA

8-
OTA DNA NO

OTA 8-
OTA DNA NO

OTA 0.25 0.5 1 2 mg/kg 5 / 2
F344 3 LC-MS/MS LPO

72
OTA

MDA 4- DNA
8-OHdG 1, 6- 1, 2-

OTA
 

F344/NS1c-Tg  delta 5 0 5 mg/kg
( 0.36 mg/kg / 0.38 mg/kg / OTA 13
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8-OHdG

DNA

b

in vitro

IHKE 0 50 M OTA 12
24 1 M 24

OTA
24

OTA 1.97±0.16% 10 M
50 M OTA 4.36±1.15% 7.25±1.16%

10 M OTA
OTA

OTA
NF B

OTA OTA

V79 OTA

OTA 3

OTA DNA
V79 OTA 24 IC50 OTA

G2/M DNA
 

CHO 0 0.2 0.8 1 mM OTA
0.05 mM 1 mM OTA

DNA TopoII

OTA

IHKE 0 1 5 10 25 50 M OTA 5 M
25 M
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HAT
OTA IC50=24.5 M

H3Thr3 18)

DNA
HAT

OTA

OTA GES-1 G2

GES-1 OTA 24
Cdc25c Cdc2 B1

Cdc25c Cdc2 G2

MAP
MAPK ERK

38 p38 siRNA G2

OTA
 

OK WI26 HK2
OTA OTBr OTHQ OK

OTA OTBr OTB OTHQ WI26

OTA OTBr OTB
OTHQ HK2 OTA

in vivo

F344 21 70 210 g/kg / OTA 14
90 5 /

PCR

90 70 g/kg OTA
PLK1 Aurora B Cdk1Cdc2 E1

CDK TopoII OTA
14 210 g/kg OTA 90

70 g/kg

Cdk1cdc2 p21WAF1/CIP1

TopoII

18) H3 N 3  

90



Aurora B H3Ser1019)

OTA

F344/NSIc 10 210 g/kg 
/ OTA 28

OTA DNA
Cdc2 H2AX G2/M

Chk-2
D (Ubd)

Ubd M Mad2
Mad2

OTA Ubd
M G2 G2 Ubd

G2 M
OTA

  

 
c  

NRK-52E 100 1,000 nmol/L
OTA

OTA
-

1/2 

(ERK 1/2) JNK p38  
OTA

0.3 10 nmol/L  OTA 2 5 14
-3 LDH

-3 LDH
10 0.3

10 nmol/L OTA 14

III

19) H3 N 10  
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OTA
OTA

F344 4 333 g 300 g/kg
/ 100 g/ / OTA 7 21 12

PKC
HDAC OTA

OTA 21 PKC
PKC ERK 1/2

-1 IGF-1r IGF-1
-1 PDK1 OTA

7 21 PKC
OTA HDAC3

HDAC
HDAC3

2
Eker 210 g/kg /

OTA 1 3 7 14

OTA
14 Eker 7

OTA
DNA

3- PI3K -AKT-

Eker
OTA

OTA
OTA cDNA

 

Wistar 10 0 1 10 mg/kg OTA
24 72

72

DNA GADD153 GADD45
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V 2µ
 S OTA

F344 175 g 5 333 g 
300 g/kg / 100 g/ / OTA

OTA 7 21 4
7 12 OTA

Nrf2
GST NAD(P)H NQO1

CYP
OAT

NaPi-2
OTA

HNF4 Nrf2

OTA

RPTEC/TERT1 HK-2

NRK-52
OTA cDNA

3 mg/kg / OTA 1 3 7
OTA

OTA

Ras
Nrf2

OTA

 
OTA KO delta 

delta 
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5 0 1 5 mg/kg OTA 4
5 mg/kg OTA

KO
KO

KO OTA

OTA

S3

OTA

OTA OTA

120 8 40
160 g/kg / OTA TmPAH

TmPAH

8 g/kg / OTA 9 4 40 g/kg /
OTA

LOAEL 8 g/kg /  
OTA

0

21 70 210 g /kg OTA 5 NTP
2 70 g /kg 

NOAEL 21 g /kg 5 15 g/kg
/ NTP BMD

BMDL10 16.1 µg/kg 
/ LogProbit Restriction off NOAEL

40 g/kg / OTA 2

  
1 2

 
Ames
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SOS

OTA DNA
OTA

DNA
DNA

DNA

delta
DNA

OTA OTA
DNA

OTA

DNA DNA 

DNA
OTA OTA DNA

[3H] [14C]
OTA

 
OTA

MAP
tRNA

 
OTA OTA DNA

DNA

20 9 2
DNA
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NTP 2
NOAEL BMD

TDI

OTA

OTA 35
OTA

2001 JECFA 12 2
1977 1998 OTA

3,717 OTA 0.1 40 ng/ml
160 ng/ml 1992~1996

OTA OTA 184
156 85% 0.068 ng/ml 0.004 0.28 ng/ml

EFSA 1995 2002
2,322

OTA OTA 33%~100%
0.1 ng/ml

0.01 ng/ml OTA 0.17 ng/mL
~0.56 ng/ml 0.1 ng/ml EFSA

2001 JECFA
OTA  

18  
1998 10 1999 4 30

OTA
OTA
OTA

1.96   
2002 2 3

104 OTA

OTA
0.42~0.78 g/L 0.14~2.49 g/L

2
OTA 0.1 g/L 0.05 g/L

2 88 OTA
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2004 3 7 54%
2004 10

91% OTA 0.07~2.75 0.22~2.12 
ng/ml 0.44 0.77 ng/ml
OTA

OTA
OTA OTA

0.84 1.40 ng/kg /
OTA 0.1 ng/ml

2 435
OTA 2004 2 2005

4 7 63.8%
62.3% OTA 0.15 ng/ml 0.43 

ng/ml OTA 0.012 ng/ml
2 6 80 239

2007 7 2008 1 OTA

OTA

0.137±
0.013 0.312±0.034 ng/ml

OTA
1.496 ng/ml

15 OTA 96 8
 

9 2008 3 5 279
OTA 275 OTA

0.86±1.07 ng/ml 95 2.51 ng/ml
OTA

18~29 30~44 45 3 OTA
45 18~29 30~44 45 30~44

  
2008 7 11 168

OTA OTA
1.09±0.95 g/L 0.15~5.71 g/L

OTA
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A
   

(%) (ng/ml)  
(ng/ml)

(ng/ml)  

1992~1996 156/184
85

0.068 0.004~0.28 1998 

1995~1998 1596/1732
92  

0.06 0.23 0.06~2.03 2002

1999 50/50
100

0.2 1.10 0.2 3.11  2002 

1998~1999 30/30
100

0.02 1.14 0.14~3.41 2006 

2002 104/104
100

0.1
LOQ

0.42  
0.78

0.14~2.49 2008

2004 62/88 
70  

0.1 0.44
0.77

0.07~2.75 2006 

2004 127/199
64

0.012 0.15 0.012~47.6 2008 

2005 147/236
62  

0.43 0.019~74.8

2007 116/119
97  

0.025 0.312 0.0279~1.496 
 2010

2008  92/120
77  

0.137 0.0306~0.887

2008 275/279
99  

0.075 0.86 0.11~8.68 2009 

2008 168/168
100

0.01 1.09 0.15~5.71 2010 

OTA

OTA
OTA OTA 19

41 1 OTA
OTA 0.005 ng/ml 38 22 OTA

OTA 0.012 0.046 ng/ml
3 OTA

0.140 ng/ml  
30 50

OTA OTA
30

1 1
1 1 1

0.001 ng/g 0.1 ng/ml 0.01 ng/ml OTA
0.94 ng/kg / 0.26 3.54 ng/kg /

30 OTA
OTA 30 0.15 2.17 ng/ml 0.4

3.11 ng/ml 50 46 OTA

0.01 0.058 ng/ml OTA OTA
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OTA OTA

2003 4 3 5 88 OTA
24 61% OTA

0.013 ng/ml 0.006 0.065 ng/ml
3 1 OTA 2

2004 11 60
42 OTA 0.038 ng/ml

0.021 0.105 ng/ml 0.02 ng/ml
6 50 45 95 2007

2008 OTA
OTA

0.0024 ng/ml

A

 
(%) 

 
(ng/ml) 

 
(ng/ml)

(ng/ml) 
 

22/38(58) 0.005  0.012~0.046 2000 
46/50(92) 0.01  0.01~0.058  2001 

 2003 54/88(61) 0.004 0.013 0.006~0.065 2005 
 2004 42/60(70) 0.02

LOQ
0.038 0.021~0.105 2006 

 2007  
2008 
2007  
2008 

43/50(86) 
   42/50(84) 

40/45(89) 
     35/45(78) 

0.0024
 

0.021 
0.016 
0.023 
0.016 

n.d.~0.062
n.d.~0.040 
n.d.~0.071 
n.d.~0.039 

2012  

OTA

OTA
JECFA 1988 2006 6

2
11% 100% 72% 87% 4% 2%

2002 Scientific Cooperation SCOOPTask 3.2.7 20)

324
OTA 0.01 0.24 g/L 2.35 g/L 0.09

20) EU OTA   
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0.18 g/L 21) 20
1998 10 1999 4 30

OTA
0.02 0.005 ng/ml

OTA 13 5
OTA 0.0058

OTA
2007 1 6 130 92

38
OTA

99% OTA 499.8±553.8 ng/L
84 4,835 ng/L 25 ng/L 79% OTA

10±15.6 ng/L 0.5 
ng/L OTA

OTA OTA
OTA

OTA OTA
OTA

1.02±1.20

0.87±0.78 ng/kg /
OTA

OTA

2 -
90 OTA

50% OTA 10 ng/L OTA
- 24.4±21.1 ng/L

10 100 ng/L 14.4±15.1 ng/L
10 78 ng/L  

OTA ATP
BCRP BCRP

   

21) LOD LOD/2
LOD LOQ

LOQ LOQ/2  

100 



A

(%) (ng/ml) 

OTA

(ng/ml)

 
(ng/ml) 

 1998~1999 5/13 38 0.005 0.0056 0.0053~0.017 2006
2007  45/57

78.9
0.0005 0.01 0.0011~0.0751 2011

46/90
51

0.01 0.0244
0.0144

0.01~0.1
0.01~0.078

2013

 OTA

-
OTA

chronic interstitial 
nephropathy:CIN 40 CIN 60
40 OTA -
OTA CIN CIN

-
CIN  

4
OTA -

50 36 72%

OTA 4.28±3.97 
ng/ml 1.89±0.98 ng/ml 2 ng/ml OTA

2 ng/ml -

OTA -

 OTA

OTA OTA OTA
OTA OTA

2002 SCOOP Task 3.2.7 13
32 18,599 OTA 48.8%

5,180 2,825 54.5%
OTA LOD 8.7 g/kg 0.294 g/kg

0.484 g/kg 63 4
6.3% OTA LOD 1.4 g/kg 0.217 

g/kg 0.725 g/kg  

OTA
44% 10% 9%
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7% 5%
OTA OTA

OTA

OTA 10%
OTA 3%

OTA OTA

7
4 OTA

OTA 2 3 ng/kg /
97.5 6 8 ng/kg /

OTA 40 60 ng/kg

6 2,712 OTA
0.34 g/L 0.35 g/L OTA

Klaassen 22) OTA
0.41 g/L 2.34 g/L

OTA OTA OTA
OTA

 
2002 SCOOP Task 3.2.7 OTA

324
600 ml

OTA 1.00 24.00 ng/kg /  
2007 JECFA OTA

OTA 8 17 ng/kg /
OTA 5 g/kg

 

2 88 OTA
3

22) OTA Klaassen  

K0=ClpxCp/A=1.97Cp  

K0 ng/kg / Clp Cp OTA OTA

A
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OTA

2 6 80
239 2007 7 2008 1

Breitholtz 23) OTA
OTA 0.0144~2.005 ng/kg /

0.182 0.408 ng/kg /
9 2008 3 5 279

OTA
OTA

7 OTA
Klaassen OTA

OTA 1.69 ng/kg /
OTA OTA 1.96 ng/kg /

2008 7 11 168
OTA Breitholtz Klaassen

OTA 1.47±1.25 2.16±1.88 ng/kg /

26
OTA OTA

OTA
  

OTA BEN Balkan 
Endemic Nephropathy UTT Urinary 

Tract Tumors BEN
OTA

  

OTA  

23) Breitholtz  
OTA ng/kg / Cp X 1.34 

Cp OTA ng/ml  
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BEN

BEN 1:1.5
1950

2 10%
1975 1990

0.5 4.4%

BEN

BEN

BEN 30 50 10
19

BEN

BEN

5.1
95%

5% 1970 1997
766

68%
32%

13%
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2%

A 

BEN OTA
BEN

OTA
OTA

OTA

1970
OTA 8% 9%

3% 1980 3 4

395 202 OTA
7% OTA

OTA 7.6 ng/g 40 ng/g
OTA 5.95% 5.4 ng/g

8 ng/g 1~2 ng/g
BEN 2 20 30 19

1
OTA 0.07 g/kg 2.6 g/kg

OTA 1.86~97.2 g/kg  
BEN

BEN

100,000
43.5 74.2

38.7 24.6   

OTA
OTA 0.7 7.8 ng/ml

12 55 ng/ml   

OTA
OTA
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OTA
OTA

BEN
OTA

24) 2
OTA

OTA
BEN

32P- 60
30% C-C8-dG-OTA OTA DNA

DNA
 BEN OTA

 

BEN
BEN

BEN

DNA

-DNA -DNA BEN

BEN

  

24) NTP
OTA 21 ng OTA/kg 90
258.2 ng/ml 70 ng OTA /kg 944.7 

ng/ml
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BEN

BEN
2

OTA
2001 JECFA 16

0.1
40 ng/ml 160 ng/ml 4

6 OTA 0.17 0.56 ng/ml

OTA BEN
OTA

OTA

FAO/WHO JECFA

JECFA 1990 OTA 90
LOAEL 8 g 

/kg / 500 10 LOAEL
5 PTWI 112 ng/kg /

1995 PTWI 100 ng/kg /
JECFA 2001 OTA OTA

OTA

PTWI 100 ng/kg /
NOEL

1,500 OTA
5 ng/g OTA 1.2% 0.3% 20 ng/g

OTA 0.3% 0.05%
OTA

5 20 ng/g
95 OTA 84 
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92 ng/kg / PTWI PTWI

2007 JECFA OTA
OTA

DNA OTA OTA DNA
DNA

PTWI 100 ng/kg
/

JECFA NTP OTA
BMD BMDL10

LOAEL 8 g/kg
/ PTWI POD

IARC

IARC 1993 OTA

OTA

OTA

OTA BEN

OTA

OTA

IARC OTA 2B

EFSA

EFSA 2006 OTA
 

OTA

OTA
OTA

OTA
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DNA
OTA

OTA-DNA
EFSA

OTA
LOAEL 8 / 450

25) 2.5 6
10 LOAEL 3 OTA

TWI 120 ng/kg
OTA

OTA 15 20 ng/kg OTA
40 60 ng/kg

1996
12 OTA

60 ng/kg 3 ng/L
10 9 28 ng/L OTA 133 ng/L

26)12 12 18 ng/L OTA
63 ng/L 10

36 15 OTA
5 7

13 3 47 77 4 ng/L OTA

5 1 5
3 7 2 6

24 6 ng/L OTA 14 10
6 3 10 14 ng/L

OTA 9 2
6 ng/L OTA 3

5 6.82 ng/L OTA
15

25) 
 

26) 20 g 140 ml  
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31 28 OTA
5 OTA 0.03

0.022 µg/L 0.0058
0.0054 µg/L

2004 2009 OTA
29 2,093 OTA

29
20 OTA

98.7% / 77/78
98.4% 124/126 86.7% 137/158 80.6%

125/155 78.5% 95/121 75.3% 137/182
63.4% 59/93 57.9% 44/76 57.5% 23/40

54.8% 46/84 50.5% 111/220 45.2%
14/31 44.0% 22/50 31.7% 39/123

28.6% 6/21 28.0% 21/75 14.8% 4/27
8.0% 2/25 4% 1/25 2.5% 1/44

1.58 0.84 g/kg

13.30 12.50 9.67 g/kg
110 21 50

15 45 10 26
44 22 OTA

0.01 µg/kg
0.05 µg/kg 0.1 µg/kg

2005 2008

OTA 18 782
OTA 18

OTA HPLC
0.05 ng/g 0.5 ng/g OTA

782 9 1.15% OTA
2008 110 ng/g

2005 5 1 0.7 ng/g 2006
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10 1 0.8 ng/g 2008
45 5 0.5

6.4 ng/g 1.0 ng/g OTA
172 OTA

2005 2009 OTA
2005 1

OTA
21

A 2005 2009

  
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

 
 

 
2005 98 0.00030 98 100% <0.00030 0 0.000082

2006 100 0.00030 100 100% <0.00030 0 0.000080

2007 100 0.00030 100 100% <0.00030 0 0.000080

2008 100 0.00012 100 100% <0.00012 0 0.000050

2009 100 0.00017 100 100% <0.00017 0 0.000070

 
 

2005 99 0.00020 98 99% 0.00071 0.000007 0.000084

2006 100 0.00020 100 100% <0.00020 0 0.000070

2007 100 0.00020 100 100% <0.00020 0 0.000070

2008 100 0.00014 100 100% <0.00014 0 0.000060

2009 101 0.00016 101 100% <0.00016 0 0.000072

 2008 20 0.00009 20 100% <0.00009 0 0.000040

2008 10 0.0003 10 100% <0.0003 0 0.00010

2008 20 0.00023 20 100% <0.00023 0 0.000090
 2008 10 0.00011 10 100% <0.00011 0 0.000040

 2008 10 0.00013 10 100% <0.00013 0 0.000050

 2008 10 0.00013 10 100% <0.00013 0 0.000050

1 14 23  
 

2 60%
GEMS/Food  
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0  

 

 
184 130 54

OTA 1992 1994 1995 1996
OTA 96% 38% 93% 98%

85% OTA 68 pg/ml 4
278 pg/ml OTA

2010 1 6 7 14 15
19 20 4 2004 2009

OTA OTA
5 g/kg

OTA
OTA 29 OTA

15
1%

9
OTA

22 1 6

20 OTA
5 g/kg 50

0.08 0.14 ng/kg / 95
1.20 2.21 ng/kg /

OTA
OTA

OTA
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OTA ng/kg /

50
 

90
 

95
 

1-  6 * upper bound 0.14 1.37 2.21

1- 6 lower bound 0.14 1.37 2.21

1- 6 upper bound 0.14 1.37 2.21

1- 6 lower bound 0.14 1.37 2.21

7-14 upper bound 0.11 0.99 1.56

7-14 lower bound 0.10 0.99 1.56

7-14   upper bound 0.11 0.99 1.56

7-14   lower bound 0.10 0.99 1.56

15-19  upper bound 0.09 0.78 1.20

15-19  lower bound 0.08 0.78 1.20

15-19  upper bound 0.09 0.78 1.20

15-19  lower bound 0.08 0.78 1.20

20  upper bound 0.11 0.90 1.49

20  lower bound 0.08 0.89 1.49

20  upper bound 0.11 0.90 1.49

20  lower bound 0.08 0.88 1.48

4 OTA  

upper bound  

lower bound  

upper bound 5 g/kg  

lower bound 5 g/kg  

OTA

OTA

 

  

OTA
OTA

 
OTA OTA OTA 8.1%

OTA OTA
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OTA
20

OTA OTA 10
60 OTA
OTA 17 32

OTA
CCP OTA

OTA

  

OTA OTA
 

OTA

450

3 175 185
204 175 1 OTA

3 60 80 204
90

  
OTA 30 g/kg

31 72 88
OTA

9 260 5
13 93 OTA

OTA 16 71
17 56 1.2

25  
OTA

 
OTA

 
  

OTA
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OTA
OTA

OTA 91% OTA

( ) 

OTA

OTA
OTA

OTA 44

75 OTA

OTA OTA
33%

3- 48
77% OTA

OTA 30 34%

OTA
OTA 40

OTA 60%
72%
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A OTA

OTA
OTA

OTA 5 g/kg

OTA OT
OTA

OTA
OTA CYP

OTA OT OTA
OTA 1 1.5 2 11

4 6 20

OTA
S3

OTA

120 OTA

LOAEL 8 g/kg /

OTA

NTP 2
LOAEL

NOAEL 70 g/kg 21 g/kg 5
50 g/kg / 15 g/kg /

40 g/kg / OTA 2

 

 

delta
DNA
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OTA DNA

OTA DNA
DNA

OTA
OTA DNA OTA

DNA
OTA

OTA

MAP
tRNA

OTA OTA DNA
DNA

OTA
OTA

OTA DNA

TDI
OTA

LOAEL
8 g/kg / LOAEL

500 10 10 LOAEL

5 OTA TDI 16 ng/kg /

NOAEL TDI
NTP NOAEL 21 g/kg
5 15 g/kg / NOAEL

1000 10 10 10 OTA
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TDI 15 ng/kg /

OTA
2004 2010

50% OTA

OTA 1 6 50
0.14 ng /kg / 95

2.21 ng/kg / 2005 2008
OTA

OTA
TDI

OTA

OTA
OTA

OTA
OTA OTA

OTA

OTA
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4-OH-OTA 4- A
8-OHdG 8- 2'-
ALP  
ALT  
AMP
AST
BEN
BMD  

BMDL BMD  

BMDL10 10% BMD  
BUN  
C3G -O- -
Con A A
CYP P450
DNA  
EFSA  
EndoIII III
EPA  
ERK 1/2 1/2 
Fpg DNA  
GOT  

GSH
GST  
GT 

HDAC
HO-1 -1 
HPLC
HPRT
IARC  
ICDH  
JECFA FAO/WHO  
LAP  
LC-MS/MS  

LD50 

LDH  
LOAEL
LOOH  
LPO  
MDA  
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mRNA RNA
NAC N- -L-
NADPH 
NK  

NMR
NOAEL
NTP
OAT1 1 
OTA A
OTB B
OTC C
OTHQ
OTQ 
OT   
PAH  
PB  
PCNA  

PCS  

PEPCK  
PKC 

POD 
Point of departure(

) 
PTWI  
RNA  
ROS
RSH
SCOOP Scientific Cooperation 
SOD  
TDI 
TmPHA
tRNA RNA  
Ubd D
UDS DNA  
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OTA OTA

 
OTA  N-[[(3 )-5- -3,4- -8- -3-

-1- -1H-2- -7- ] 
]- L-  

N-[[(3 )-5-chloro-3,4-dihydro-8-hydroxy-3- 
methyl-1-oxo-1H-2-benzopyran-7-yl]carbonyl]- 
L-phenylalanine 
C20H18ClNO6

403.82 
CAS No. 303-47-9 

OT

 

 (3 )-5- -3,4- -8- -3-
-1- -1H-2- -7-

(3 )-5-chloro-3,4-dihydro-8-hydroxy-3-methyl- 
1-oxo-1H-2-benzopyran-7-carboxylic acid
C11H9ClO5

256.64 
CAS No. 19165-63-0 

OTB N-[[(3 )-3,4,5- -8- -3-
-1- -1H-2- -7- ]

]- L-  
N-[[(3 )-3,4,5-trihydro-8-hydroxy-3-methyl-1- 
oxo-1H-2-benzopyran-7-yl]carbonyl]-L- 
phenylalanine 
C20H19NO6

369.37
CAS No. 4825-86-9 

OTC N-[[(3 )-5- -3,4- -8- -3-
-1- -1H-2- -7- ]

]-L-
N-[[(3 )-5-chloro-3,4-dihydro-8-hydroxy-3- 
methyl-1-oxo-1H-2-benzopyran-7-yl]carbonyl]-
L- phenylalanine ethyl ester 
C22H22ClNO6

431.87 
CAS No. 4865-85-4 

158
 



4 -OH-OTA N-[[(3 ,4 )-5- -3,4- -4,8-
-3- -1- -1H-2-

-7- ] ]-L-
N-[[(3 ,4 )-5-chloro-3,4-dihydro-4,8-dihydrox
y-3-methyl-1-oxo-1H-2-benzopyran-7-yl]
carbonyl]-L-phenylalanine 
C20H18ClNO7

419.82 
CAS No. 35299-87-7 

4 -OH-OTA  N-[[(3 ,4 )-5- -3,4- -4,8-
-3- -1- -1H-2- -7-
] ]-L-

N-[[(3 ,4 )-5-chloro-3,4-dihydro-4,8-dihydroxy
-3-methyl-1-oxo-1H-2-benzopyran-7-yl]carbon
yl]-L- phenylalanine
C20H18ClNO7

419.82
CAS No. 82598-16-1 

10-OH-OTA  N-[[(3 )-5- -3,4- -8- -3-
-1- -1H-2-

-7- ] ]-L-
N-[[(3 )-5-chloro-3,4-dihydro-8-hydroxy-3- 
hydroxymethyl-1-oxo-1H-2-benzopyran-7-yl]
carbonyl]-L-phenylalanine  
C20H18ClNO7

419.82 
CAS No. 35299-87-7 

OTHQ  N-[[(3 )-3,4- -5,8- -3-
-1- -1H-2- -7- ]

]-L-
N-[[(3 )-3,4-dihydro-5,8-dihydroxy-3-methyl-1
-oxo-1H-2-benzopyran-7-yl]carbonyl]-L- 
phenylalanine 
C20H19NO7 
385.37 

CAS No. 205034-32-8 
OTQ  N-[[(3 )-3,4,5,8- -3- -1,5,8-

-1 -2- -7- ]
]- L-  

N-[[(3 )-3,4,5,8-tetrahydro-3-methyl-1,5,8- 
trioxo-1H-2-benzopyran-7-yl]carbonyl]-L- 
phenylalanine 

C20H17NO7 
383.36 

CAS No.  
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