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2023  3  9  13 1

0308 11

 

2023  3  14  893  

2023  4  26  187  

2023  6  29  189  

2023  8  7  190  

2023  8  29  910  

2023  8  30  9 28  

2023  10  11   

2023  10  17  917  

10 18  

 

 

2021 7 1    

    

    

    

    

    

    

    

 

 

2023 9 30  2023 10 1  

*  *  

*  *  

*  *  

  

  

  

  

  

* 2022 4 25  * 2022 4 25  
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1,3-

3- 3-NOP CAS No. 

100502-66-7

 

 

3-NOP

1 2

M2 NOPA M7 HPA

M2 3-NOP

3-NOP M2 M7

 

3-NOP

NOPA

 

 

3-NOP

 

2 100 mg/kg /

 

3-NOP NOPA

HPA 3-NOP 3-

NOP NOPA

 

3-NOP NOAEL

52 104 2

100 mg/kg / 100

1 mg/kg / ADI  
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1  

1  

 

 

3-  

3- nitrooxypropanol 

1  

 

 

IUPAC 3-hydroxypropyl nitrate 

CAS No. 100502-66-7 

1 2  

 

 

C3H7NO4 

1 2  

 

 

121.09 

1 2  

 

 

 

1  

 

 

3- 3-NOP

1,3-  
2 25

26%

1 3  

                                            
1  
2 76% 16% 6% 2%
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VFA

M CH3-S-CoM B HS-CoB

M MCR methyl-coenzyme M reductase

1  

3-NOP MCR M MCR

MCR 1 4  

3-NOP

1  

EFSA 2021 2022

2021

1 5  

 

3-NOP

28 35 2 3 3 1 2

 

 

 

1 3-NOP  

 

 

3-NOP

 

1 2  

 

Wistar Han 8 301 g 4 [3-14C] 3-NOP



 

8 

505 mg/kg  

0.25 48 24 0 24 24

48 48

HPLC NMR LC/MS

 

1  

1 592 g 3-NOP /g

48 27 g 3-NOP /g  

3-NOP 4 4

 

0 24 17.6% 24

48 0.3% 0 48

2.3% 5.5%
3 0.2%

28% 3-NOP

 

48 5 5

 

 

0.1% 8 7

M2 M8 M7 47.5%

7.2% 6 7  

 

1 14C 3-NOP  

 n 4  

AUC 0-48 g 3-NOP h/g  3,856 

AUCinf g 3-NOP h/g  4,571 

Tmax h  1 

Cmax g 3-NOP /g  592 

T1/2 h  21 

 

Wistar Han 7 8 233 265 g 2 [3-14C] 3-

NOP 506 mg/kg  

0 24 0 8 8 24

24

HPLC LSC NMR LC/MS  

                                            
3  
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3-NOP 4 4

 

24 88.8%

77.4% CO2

14CO2 3-NOP CO2 8

64.3% 8 24 13.0%

9.8% 1.2% 7.7% 0.5%

 

5 5  

5 6 8  

 

Wistar Han 6 302 g 3 [3-14C] 3-NOP

505 mg/kg  

1 2 3 1

LSC HPLC NMR

LC/MS  

3-NOP 4 4

 

1 2 3 88 78 58%

 

5 5  

 

2 3  

M2 M7 1 3 M2 61%

10% M7 31% 53%

0 2 13.7%

M2 M3 M7 20% 11% 58%

M4 M5 M6  

1 3

84% 87% M3 M7

4% M10 M11 M12

M7 M8 M9 5

6 9  
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2 3-NOP  

%  

   /  

1  2  3  1  2  3  0 2  

 1.2 - - - - - 1.89 

M2 60.8 28.8 9.8 0.8 - - 19.73 

M3 1.4 - - 3.5 - - 11.05 

M7 31.4 60.9 52.8 27.6 26.3 8.6 57.83 

M8 2.9 2.5 5.2 1.7 7.7 2.6 3.01 

M9 - - - 2.2 4.3 7.4 - 

a 

1 2.4 4.8 27.0 11.0 19.3 36.0 1.70 

2 - 2.9 5.2 15.9 16.5 13.2 - 

3    2.2 1.8 5.5 1.81 

4    19.8 13.6 14.8 2.98b 

5    - 2.6 8.4  

6    13.8 8.0 3.6  

7    1.3 - -  

a  

b M4 M5 M6  

 

3 3-NOP  

%  

 

    

1

 

2

 

3

 

1

 

2

 

3

 

1

 

2

 

3

 

1

 

2

 

3

 

 

67.8 29.4 46.5 1.4 - 2.7 - - - - - - 

M2 1.3 3.1 - 10.0 1.7 - - - - 2.0 - - 

M3 - 7.2 - 9.4 24.8 11.4 - - - - - - 

M7 3.0 7.5 4.9 33.2 39.2 34.0 20.3 24.2 16.7 20.5 14.6 14.6 

M8 4.3 5.1 1.4 - - - 9.2 4.2 7.5 4.8 2.0 3.4 

M9 - 26.6 - 0.3 2.2 - 38.0 40.0 23.6 19.1 17.8 23.8 

M12 - 1.6 - 1.3 4.6 3.0 - - - - - - 

 

4.1 8.5 0.7 3.3 5.4 17.0 - - 2.0 0.4 2.2 - 
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4 3-NOP %  

  

n=1  

 

n=2  n=4  

 1  2  3  24  48  

/  1.76 17.51 7.50 11.38 20.62 2.93 

 ND ND ND 77.45 ND 

/

 

57.46 41.73 19.18 7.75 5.53 0.30 

 15.89 9.28 29.20 0.48 0.23 0.02 

/  13.26 9.14 2.50 2.26 1.61 0.24 

 88.37 77.66 58.38 99.31 27.99 2.71 

 

ND  

 

5 3-NOP g 3-NOP /g  

  

n=1  

 

n=2  

 

n=4  

 1  2  3  24  48  

 534 379 122 48.7 25.3 3.4 

 713 521 156 68.8 26.6 3.2 

 435 292 68 39.9 26.8 3.2 

 628 490 380 184.5 139.6 16.4 

 827 666 577 118.4 71.6 2.8 

 667 323 146 159.3 113.9 28.2 

 436 317 121 90.9 50.1 8.8 

 464 337 121 47.4 33.5 2.5 

 371 304 74 24.8 31.2 3.1 

 386 307 113 79.2 42.6 2.4 

 350 300 246 71.6 36.4 11.3 

 446 353 143 88.2 54.8 3.8 

 81 70 164 58.9 23.5 8.3 

 332 241 84 42.4 27.1 5.3 

 328 282 83 34.8 22.9 0.8 

 148 98 54 61.1 25.6 6.1 

 347 213 316 79.0 63.0 4.1 

 1,036 411 378 77.2 59.7 7.1 

 655 525 184 121.5 53.0 8.3 

 398 330 152 73.7 44.3 4.9 

/  406 416 247 67.4 40.9 6.5 
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 340 234 99 44.0 30.8 3.9 

/  381 ND ND ND ND 

 

ND  

 

Wister Han 11 12 176 398 g 2 4 / [3-
14C] 3-NOP 50 500 mg/kg 5 50 mg/kg

1 48

 

6 7  

50 mg/kg 48

48 78.7 80.1% 4.8 6.3%

1.5 1.1% 3.1 4.4%

91.1 95.9% 8  

500 mg/kg

 

50 mg/kg 5 48

48 68.3 70.7%

6.4 5.9% 2.2 1.5%

3.6 3.5% 83.1 84.6% 8

 

3-NOP 3-NOP

 

500 mg/kg Tmax 45 6 10  
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6 3-NOP 5  

g 3-NOP /g  

mg/kg

/  

50 

 

500 

 

50 

5  

500 

 

 48 n=4  48 n=4  48 n=4  1 n=2  

         

 19.45 

5.02 

15.37 

3.23 

128.47 

50.10 

109.63 

26.21 

51.23 

18.58 

57.03 

16.53 

398 357 

 14.25 

2.25 

10.01 

1.79 

114.02 

34.54 

81.09 

15.22 

34.11 

7.53 

21.32 

2.50 

338 351 

 5.13 

2.61 

ND 40.70 

7.19 

ND 18.20 

6.93 

ND 151 ND 

 8.45 

9.95 

2.01 

0.58 

19.22 

5.81 

17.94 

7.14 

13.12 

6.70 

34.09 

35.72 

62 86 

 4.50 

0.72 

3.30 

0.60 

34.33 

2.01 

28.44 

2.04 

14.17 

4.19 

12.71 

1.81 

358 438 

 10.87 

1.03 

8.54 

1.84 

94.21 

2.74 

72.74 

5.27 

34.80 

7.42 

30.01 

2.45 

636 865 

 12.64 

3.16 

8.52 

1.84 

93.65 

3.29 

64.44 

5.53 

34.92 

9.34 

32.29 

2.24 

655 616 

 7.23 

1.55 

5.59 

1.24 

53.67 

4.67 

40.58 

4.31 

18.70 

6.61 

20.74 

5.14 

494 500 

 3.38 

1.05 

2.52 

0.14 

31.65 

5.50 

24.12 

1.26 

13.44 

1.12 

10.24 

1.33 

201 233 

 ND 7.37 

1.02 

ND 58.63 

11.03 

ND 35.65 

15.54 

ND 372 

 7.60 

2.31 

5.00 

0.89 

58.21 

1.88 

48.85 

5.21 

20.03 

3.44 

21.56 

6.90 

471 480 

 8.31 

5.04 

ND 77.22 

15.00 

ND 24.58 

2.38 

ND 299 ND 

 8.24 

1.17 

6.71 

1.25 

65.00 

4.21 

52.72 

6.04 

22.92 

3.84 

20.12 

1.77 

375 406 

 2.93 

0.52 

ND 26.35 

0.49 

ND 10.52 

1.69 

ND 192 ND 

 8.97 

0.83 

6.59 

1.59 

87.33 

4.16 

63.84 

9.05 

28.52 

5.38 

27.72 

7.22 

385 434 

 

 ND 4.64 

3.22 

ND 44.29 

21.35 

ND 13.54 

2.78 

ND 488 
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 5.78 

1.27 

4.30 

0.62 

61.26 

6.35 

46.42 

5.43 

15.24 

4.53 

13.65 

2.49 

6,426 4,498 

 0.63 

0.25 

0.22 

0.07 

4.36 

2.48 

2.33 

0.69 

1.93 

0.54 

1.13 

0.32 

3,402 1,593 

 9.29 

2.35 

7.44 

3.69 

68.11 

6.38 

45.01 

8.869 

18.05 

5.96 

17.71 

4.23 

642 568 

 

5.15 

0.66 

3.54 

1.28 

48.50 

9.20 

29.45 

5.61 

14.45 

5.26 

11.16 

1.45 

599 597 

 6.10 

1.76 

3.04 

1.38 

34.86 

2.87 

22.90 

2.73 

10.79 

5.01 

11.24 

1.00 

129 184 

 

2.30 

1.20 

0.87 

0.22 

13.52 

5.03 

8.77 

1.59 

3.19 

0.72 

2.81 

1.04 

155 122 

 6.16 

1.76 

3.76 

1.31 

45.88 

5.13 

38.08 

7.70 

14.38 

3.81 

10.64 

2.39 

283 213 

 

2.24 

1.15 

0.86 

0.28 

12.82 

5.10 

7.90 

2.02 

2.36 

0.49 

2.68 

0.75 

107 48 

 7.03 

0.45 

4.22 

0.95 

51.92 

3.19 

34.47 

4.84 

14.42 

4.02 

11.68 

1.62 

467 583 

 3.90 

0.61 

2.90 

0.67 

30.67 

0.55 

23.33 

2.50 

10.72 

3.22 

10.07 

0.76 

349 460 

 

ND  

 

7 14C 3-NOP 5  

%  

mg/kg

/  

50 

 

500 

 

50 

5  

500 

 

 48 n=4  48 n=4  48 n=4  1 n=2  

         

 6.3 

(6.6) 

4.8 

(5.3) 

11.3 

(12.1) 

13.1 

(15.4) 

5.9 

(7.0) 

6.4 

(7.7) 

ND ND 

 1.1 

(1.1) 

1.5 

(1.6) 

1.3 

(1.4) 

3.2 

(3.8) 

1.5 

(1.8) 

2.2 

(2.6) 

ND 

 

ND 

 

 80.1 

(83.5) 

78.7 

(86.4) 

73.5 

(78.9) 

61.7 

(72.3) 

70.7 

(83.6) 

68.3 

(82.2) 

ND 

 

ND 

 

 0.2 

(0.2) 

0.5 

(0.5) 

0.4 

(0.4) 

1.9 

(2.2) 

0.2 

(0.2) 

0.3 

(0.4) 

ND 

 

ND 

 

 87.7 85.5 86.5 79.9 78.3 77.2 ND ND 
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(91.4) (93.9) (92.8) (93.7) (92.6) (92.9)   

/ 

 

5.8 

(6.0) 

4.0 

(4.4) 

4.6 

(4.9) 

3.8 

(4.5) 

4.4 

(5.2) 

4.3 

(5.2) 

42.9 

(61.1) 

47.0 

(68.0) 

 

0.4 

(0.4) 

0.4 

(0.4) 

0.3 

(0.4) 

0.3 

(0.4) 

0.3 

(0.4) 

0.2 

(0.2) 

18.9 

(26.9) 

13.8 

(20.0) 

/  2.0 

(2.1) 

1.0 

(1.1) 

1.4 

(1.5) 

0.9 

(1.1) 

1.4 

(1.7) 

1.2 

(1.4) 

8.5 

(12.1) 

8.2 

(11.9) 

 95.9 91.1 93.2 85.3 84.6 83.1 70.2 69.1 

%  

ND  

 

Wistar Han 6 20 / 3-NOP 52

0 25 50 100 300 mg/kg / 0 50 100 600 mg/kg /

1 26 29 52 1 M2

52

 

1 M2 8 29

9  

M2 0.25 1 Cmax

M2 0.198 0.563 0.301

0.587 Tlast 2 3 Cmax AUClast

1 26 29 52

1 M2

Cmax AUC 6 11  

 

8 3-NOP M2 ng/mL  

mg/kg

/  

  

1 10 /

 

26 10 /

 

29 3 /

 

52 10 /

 

25  78.0 37.8 59.5 31.5 93.6 57.2 41.7 24.6 

50  251 171 299 248 143 45.7 193 141 

 183 130 186 173 197 39.0  243 163 

100  1,000 505 2,110 3,720 840 519 1,930 2,980 

 615 353 680 320 615 363 583 254 

300  51,100 29,200 90,200 35,100 81,600 66,500 123,000 37,100 

600  146,000 57,900 178,000

110,000 

432,000

191,000 

195,000

126,000 
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9 3-NOP M2  

 

mg/kg /  

25 50 100 300 600 

       

Tlast h  2 3 3 2 3 3 3 3 3 

Tmax h  0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.25 1 

Cmax ng/mL  2,870 12,100 17,200 58,600 42,200 168,000 498,000 

Cmax/D kg-

ng/mL/mg  

115 241 507 586 611 946 1,150 

AUClast h-

ng/mL  

913 3,040 4,790 19,700 13,500 140,000 611,000 

AUClast/D h-kg-

ng/mL/mg  

36.5 60.8 95.7 197 135 468 1,020 

T1/2 h) 0.295 0.487 0.436 0.494 n/c 0.262 n/a 

/D 1 mg/kg  

n/a  

n/c  

 

Wistar Han 7 5 / 3-NOP 52

0 25 50 100 mg/kg / 0 50 100 300 mg/kg /  

1 13 52 1 M2

2

 

13 10  

M2 0.25 0.5 Cmax

M2 0.2 0.8 Tlast 3

1 13 52

1 M2

50 100 mg/kg / Cmax AUC

6 12  

 

10 3-NOP M2  

 mg/kg /  

25 50 50 100 100 300 

      

Tlast h  3 3 1 3 3 3 3 

Tmax h  0.25 0.25 0.25 0.25 0.25 0.5 0.25 0.5 

Cmax ng/mL  2,260 14,700 9,760 33,400 56,600 248,000 
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Cmax/D kg-ng/mL/mg  90.5 294 195 334 566 827 

AUClast h-ng/mL  757 4,460 2,770 11,700 20.600 203,000 

AUClast/D h-kg-ng/mL/mg  30.3 89.3 55.3 117 206 677 

T1/2 h  0.696 0.627 0.437 0.602 0.393 0.236 

/D 1 mg/kg  

 

Wistar Han 12 13 5 / 3-NOP 10 0

800 mg/kg / 1,000 mg/kg / 10 3-

NOP M2 M7  

3-NOP

M2 M7 M2 4 425 mg/kg / M7

350 mg/kg /

 

 

3-NOP  

11  

3-NOP 0.083 0.25

1 T1/2 1

0.318 19 3-NOP M2

M2 1 2 M7

AUClast 3-NOP M2 M7 M2 4 M7 9

6 13  

 

11 3-NOP 3-NOP M2 M7  

 3-NOP 1,000/800 mg/kg /  

3-NOP M2 M7 

Tlast h  1 24 24 

Tmax h  0.083 0.25 1 2 

Cmax mol/mL  1,830 2,440 2,760 

Cmax/D kg- mol/mL/mg  2.29 3.05 3.45 

AUClast h- mol/mL  907 3,520 8,530 

AUClast/D h-kg- mol/L/mg  1.13 4.40 10.7 

T1/2 h  0.318a 3.85 3.64 

/D 1 mg/kg  

a 1  

 

                                            
4 5  
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NOPA 5  

12  

NOPA T1/2 0.213 13

CLtot 0.0723 mg/(h- mol/L)/kg Vdss 0.0437 mg/( mol/L)/kg

M2 6

13  

 

12 NOPA M2 M7  

 NOPA 425 mg/kg /  

M2 M7 

    

Tlast h  3 6 6 24 24 

Tmax h  n/a 0.5 1 2 

C0 mol/L  7,430 n/a n/a n/a 

Cmax mol/mL  n/a 2,820 2,780 2,660 

Cmax/D kg- mol/mL/mg  n/a 6.64 6.54 6.27 

AUClast h- mol/mL  5,950 4,140 6,060 5,300 

AUClast/D h-kg- mol/L/mg  14.0 9.75 14.3 12.5 

T1/2 h  0.213 0.383 n/a n/a 

CLtot mg/(h- mol/L)/kg  0.0723 n/a n/a n/a 

Vz mg/( mol/L)/kg  0.0230 n/a n/a n/a 

Vdss mg/( mol/L)/kg  0.0437 n/a n/a n/a 

MRTinf h  0.603 n/a n/a n/a 

/D 1 mg/kg  

n/a  

1  

 

HPA 6  

13  

HPA Tmax 0.5 Tlast 24

6 24 M7 0.124 0.214 g/mL

6 13  

 

13 HPA M7  

 HPA 350 mg/kg /  

Tlast h  24 

Tmax h  0.5 

                                            
5  
6  
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Cmax mol/mL  5,200 

Cmax/D kg- mol/mL/mg  14.8 

AUClast h- mol/mL  11,900 

AUClast/D h-kg- mol/L/mg  34.0 

T1/2 h  2.66 

/D 1 mg/kg  

 

CByB6F1 Hybrid 7 8 10 / 3-NOP 28

0 100 300 700 mg/kg / M2

28  

14  

700 mg/kg / Tmax 0.083 0.5

Tlast 1 8 Cmax AUC 0.5 1.4

M2

M2 Cmax AUC M2

14  

 

14 3-NOP M2  

 

 3-NOP mg/kg /  

100 300 700 

      

1  

Tlast h  4 1 4 8 8 8 

Tmax h  0.0833 0.0833 0.0833 0.25 0.5 0.5 

Cmax ng/mL  28,000 37,400 70,800 83,900 195,000 315,000 

Cmax/D kg-ng/mL/mg  280 374 236 280 279 450 

AUC0-4 h-ng/mL  3,040 NR 21,400 35,100 152,000 200,000 

AUC0-4/D h-kg-

ng/mL/mg  

30.4 NR 71.2 117 217 285 

AUClast h-ng/mL/L  3,040 5,060 21,400 35,400 152,000 200,000 

AUClast/D h-kg-

ng/mL/mg  

30.4 50.6 71.2 118 217 286 

AUCinf h-ng/mL  3,040 NR 21,400 35,400 152,000 200,000 

AUCinf/D h-kg-

ng/mL/mg  

30.4 NR 71.3 118 217 286 

T1/2 h  0.814 NR 0.466 0.852 0.637 0.672 

 

28  

Tlast h  1 4 8 8 8 8 

Tmax h  0.0833 0.0833 0.0833 0.0833 0.25 0.25 

Cmax ng/mL  30,700 46,100 57,800 79,000 151,000 274,000 
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Cmax/D kg-ng/mL/mg  307 461 193 263 216 391 

AUC0-4 h-ng/mL  NR 5,330 16,000 24,500 66,300 117,000 

AUC0-4/D h-kg-

ng/mL/mg  

NR 53.3 53.3 81.7 94.7 168 

AUClast h-ng/mL/L  3,610 5,330 16,100 24,600 66,400 118,000 

AUClast/D h-kg-

ng/mL/mg  

36.1 53.3 53.5 82.0 94.9 168 

T1/2 h  NR 0.754 1.37 1.19 NR NR 

/D 1 mg/kg  

NR  

 

 
14C 3-NOP 2.2 23 mg/L 38 pH6.2

24  

5.5%

7% 100% 3-NOP

6 54% 12 6% 24

0 0.1% 13C-NMR 1H-NMR

3-NOP M8 24

0% 97% 98.5% 3-NOP M8

9.8% 5  

 

 

3 422 29.1 kg 4
14C 3-NOP 1 mg/L 39 16

-HPLC  

3-NOP 1.0% M8

M14 M8 82.8% M14 16.2%  

M8 M14 3-NOP 3-NOP

3-NOP 5 6 15  

 

2 2 11 428 548 kg

4 [3-14C] 3-NOP 8 1.8 g/ / 0.9 g/ 1 2

15  

 5 12 8

1 2 12 24
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3 8 12 24 1

3

10  

15  

4.00% 2.65% 16.82% 6.21% 29.72%
14CO2  

16 1

M2

1 12 1 3

 

3-NOP 1

 

2 6

72.4 80.6% M13

 

M2

2 0.6 1.4%

TLC  

M2 LOQ 21 g 3-NOP /kg 5

6 16  

 

15 14C 3-NOP  

 %  mg 3-NOP /kg  

 4.00 0.24 ND 

 2.65 0.19 ND 

 16.82 3.14 19.93 

 0.04 0.05 ND 

 0.00 0.00 ND 

 1.05 0.23 18.38 

 0.06 0.01 7.46 

 0.36 0.11 0.78 

 4.10 0.69 1.76 

 0.03 0.01 ND 

 ND ND 

 0.61 0.09 4.49 

 29.72  

ND  
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16 14C 3-NOP g 3-NOP /kg  

 1

 

n=4  

12

 

n=4  

1

 

n=4  

3

 

n=1  

8

 

n=1  

 - - - - - 

M2 104 93 65 - - 

 654 247 565 306 355 

 

 

3-NOP 1 2

 

3-NOP M2 M7 CO2

 

M8

M2 M7 CO2

M13

2 M2 M8 M7

M2 M7

3-NOP

4  

 

2 3-NOP 4  
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2 7 480 792 kg 20 /

3-NOP 56 0 80 100 200 mg/kg

M2 LC-MS/MS  

M2 LOQ 5.0 ng/g  

M2 17  

2 LOQ M2

LOQ LOQ

100 mg/kg 22 M2 1.17 ng/mL

5 6 17  

 

17 M2 ng/mL  

mg/kg

 

 

 2 8 15 22 29 36 43 50 56 

0 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 

80 <LOQ 1.04 <LOQ <LOQ <LOQ 1.02 1.12 <LOQ <LOQ 1.04 

100 <LOQ 1.00 <LOQ 1.13 1.17 1.06 1.12 1.06 1.10 1.10 

200 <LOQ 1.23 1.05 1.32 1.54 1.27 1.41 1.45 1.54 1.23 

LOQ 1.0 ng/mL 

 

3 6 485 746 kg 4 /

3-NOP 90 0 100 500 1,000 mg/kg

0 1,000 mg/kg M2

LC-MS/MS  

1,000 mg/kg M2 LOQ

5.0 ng/g  

M2 18  

3-NOP M2

100 

mg/kg 30 M2 10.2 ng/g

6 18  
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18 M2 ng/g  

mg/kg

 

 

 

7  2  8  30  90  

          

0 9 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 1.73 <LOQ <LOQ 

11 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 1.75 

12 <LOQ <LOQ <LOQ <LOQ <LOQ 3.18 <LOQ <LOQ <LOQ <LOQ 

20 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 

100 8 <LOQ <LOQ <LOQ 1.82 <LOQ 2.40 <LOQ 6.57 <LOQ 3.06 

14 <LOQ <LOQ <LOQ 3.50 <LOQ 3.38 <LOQ 10.2 <LOQ 3.59 

16 <LOQ <LOQ <LOQ 2.07 <LOQ 3.48 <LOQ 5.78 1.21 8.58 

18 <LOQ <LOQ <LOQ 3.31 <LOQ 5.39 <LOQ 3.59 <LOQ 3.41 

500 2 <LOQ <LOQ 3.53 7.4 1.95 9.06 <LOQ 27.8 <LOQ 32.2 

3 <LOQ <LOQ 1.45 1.76 <LOQ 14.3 <LOQ 4.26 3.73 15 

6 <LOQ <LOQ <LOQ 10.9 1.11 39.2 <LOQ 42.6 <LOQ 52.1 

15 <LOQ <LOQ 4.43 27 <LOQ <LOQ NS NS NS NS 

1,000 1 <LOQ <LOQ 8.43 <LOQ 7.83 78.7 NS NS NS NS 

13 <LOQ <LOQ 10.8 8.14 3.14 20.1 12.4 6.45 7.2 10.7 

17 <LOQ <LOQ 6.11 3.15 <LOQ 55 3.94 88.1 4.99 83.8 

19 <LOQ <LOQ 7.97 108 <LOQ 146 10.7 41 19.7 23.1 

LOQ 1.0 ng/g 

NS  

 

 

3-NOP 19  

3-NOP NOPA 20  

 

19 3-NOP  

     

  
  

 
TA98 TA100

TA1535 TA1537  
 

WP2 A

1.7 5.4 17 52 164 512

1,600 5,000 g/plate 5% S9

TA100 WP2  
52 164 512 1,600 5,000 

g/plate 5% S9 TA1535

TA1537 TA98 

52 164 512 1,600 5,000 

g/plate 10% S9 5  

 5 19 

 
TA98 TA100

TA1535 TA1537  

1.7 5.4 17 52 164 512

1,600 5,000 g/plate 5% S9

 20 
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S9  

a 16 5,000 g/plate  

b 54%  

c CREST 540 g/mL 79%

 

 WP2 A TA100 WP2  

52 164 512 1,600 5,000 

g/plate 5% S9 TA1535

TA1537 TA98 

492 878 1,568 2,800 5,000 

g/plate 10% S9 5  

 
TA98 TA100

TA102 TA1535
TA1537

1.6 500 g/plate S9
microsuspension a  

 5 

 

L5178Y TK+/-  
0.55 1.7 5.4 17 52 164
512 1,211 g/mL 3

S9 24 -S9  

 5 21 

  

500 2,500 g/mL 7   5 

   164 512 1,211 g/mL  

3 24

S9  

24 -S9  

 5 22 

TK6  

1,220 g/mL -S9  

1,000 g/mL +S9 b  

3 27

S9  

27 27 -

S9  

 5 

V79  

1,243 g/mL -S9 24

 

310 g/mL +S9 4

20  

+S9  

5 

V79  
300 600 g/mL +S9 3

21  

c 5 

 NMRI

 

250 500 mg/kg

24  
1,000 mg/kg

24 48  

 
 

5 

Wistar Han

 

375 750 mg/kg 

24  

1,500 mg/kg 

24 48  

 5 23 



 

26 

20 NOPA  

S9  

 

3-NOP

 

NOPA TA100 TA1535

 

3-NOP

NOPA

 

 

3-NOP 21  

 

21 3-NOP  

   LD50  

Wistar  6 /   300 2,000 mg/kg  6 24 

 

     

  

 
TA98 TA100

TA1535 TA1537  
 WP2 A 

3 10 33 100 333

1,000 2,500 5,000 g/plate

S9  

TA100

TA1535
S9  

5 

 
 

  229 1,321 g/mL 4

20
S9 24 -S9  

 5 

 

Fischer 344 Big Blue

 

150 300 600 mg/kg

/ 28

56  

250 500 1,000 mg/kg
/ 28

31  

 5 

 Fischer 344 Big Blue

 

4 29

 

 5 



 

27 

 

CByB6F1 Hybrid 7 8 10 / 3-NOP 28

0 100 300 700 mg/kg /

 

22  

700 mg/kg /

6%

300 mg/kg /

700 mg/kg /

 

700 mg/kg / MCH 700 mg/kg

/ RBC Hb 300 700 mg/kg /

MCV

 

700 mg/kg / Na

ALP

Cl A/G

300 700 mg/kg / K P TG

ALT

 

700 mg/kg / 7.1%

5.4% 21.9% 21.5%

 

700 mg/kg /

5 6 14  

700 mg/kg /

NOAEL 300 mg/kg /  

 

22 28  

mg/kg

/  

 

  

700 



 

28 

 

 

300    

 

Wistar Han 6 15 / 3-NOP 90

0 50 100 300 mg/kg / 300 mg/kg /

90 13 5 /

 

23  

300 mg/kg / 1

5 1

300 mg/kg

/

 

300 mg/kg /

 

300 mg/kg /

 

300 mg/kg / K  Ca

50 300 mg/kg

/

 

300 mg/kg /

 

300 mg/kg / FSH

7 5 6 25  

300 mg/kg /

NOAEL 100 mg/kg / 300 mg/kg /

                                            
7  



 

29 

 

 

23 90  

mg/kg

/  

 

  

300 /

 

 

 

100    

 

6 4 / 3-NOP 90 0 10

30 100 300 150 2  mg/kg / 4

 

300 mg/kg / 1

3

M2 3-NOP

5  

300 mg/kg /

NOAEL 300 mg/kg /

100 mg/kg /  

 

Wistar Han 6 20 8/ 3-NOP 52

0 25 50 100 300 mg/kg / 0 50 100 600 mg/kg /

 

24  

                                            
8 100 600 mg/kg / 300 mg/kg / 1

 



 

30 

 

100 mg/kg /

Na Cl WBC

600 mg/kg / AST

TG P Ca 100 mg/kg /

 

300 mg/kg / 100 600 mg/kg /

pH

 

600 mg/kg 100 

mg/kg 1

5 6 11  

300 mg/kg /

NOAEL

100 mg/kg / 600 mg/kg /  

 

24 52  

mg/kg 

/  

 

  

600   

300 

/

 

 

100    

 

 

Wistar Han 7 50 / 3-NOP 104

0 25 50 100 mg/kg / 0 50 100 300 mg/kg /

 

25  

14 26% 20 30%
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300 mg/kg /

 

300 mg/kg / 3 9

104

 

50 100 mg/kg / 1

300 mg/kg / 2 100 mg/kg / 2

5 6 12  

NOAEL 100 mg/kg /

300 mg/kg 100 mg/kg /

 

 

25 104  

mg/kg 

/  

 

  

300   

100    

 

Wistar Han 11 10 / 3-NOP 0 20

100 500 mg/kg / 14 29

14 4 42 52

 

500 mg/kg /

500 mg/kg /

500 mg/kg

/ 500 mg/kg /

                                            
9 
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500 mg/kg /

 

100 mg/kg /

5 26  

500 mg/kg /

500 mg/kg / NOAEL

100 mg/kg / 500 mg/kg /

 

 

 

Wistar Han 5 24 / 3-NOP 0

25 50 100 mg/kg / 0 25 50 100 mg/kg /

71 21 71

21 21 21

600 mg/kg / 10 /

14 21 0 mg/kg / 21

21  

P F1 F2

 

P F1 5 1

 

P F1

100 mg/kg /

600 mg/kg /

P 3 1 2

1 1

 

F1 F2 25 mg/kg /

50 mg/kg / 100 mg/kg /

5 6 27  

100 mg/kg /

NOAEL 100 mg/kg /
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Wistar Han 5 10 22 / 3-NOP 6 20

0 100 300 1,000 mg/kg / 20  

26  

 

 

100 mg/kg / 1,000 

mg/kg /

100 mg/kg / 1,000 mg/kg /

1,000 mg/kg /

1,000 mg/kg / 7

5 6

28  

NOAEL 300 mg/kg / NOAEL

1,000 mg/kg /  

 

26  

mg/kg

/  

 

  

1,000 

 

 

300    

 

15 17 22 / 3-NOP 6

29 0 50 150 450 mg/kg / 29

 

1 2

 

150 450 mg/kg / 1 50 mg/kg

/ 2 150 mg/kg /
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50 mg/kg /

150 mg/kg / 450 mg/kg /

50 150 mg/kg /

1

150 mg/kg / 1
10 450 mg/kg /

150 mg/kg /

450 mg/kg /

5 6 29  

NOAEL 450 

mg/kg /  

 

 

Wistar Han 12 13 5 / 3-NOP 10

0 800 mg/kg / 1,000 mg/kg /

NOPA HPA NOPA 10 425 mg/kg

/ HPA 3 250 mg/kg / 1 2 350 mg/kg

/ 10 350 mg/kg /

 

3-NOP /

NOPA

HPA NOPA HPA 3-NOP

5 6

13  

3-NOP NOPA

HPA 3-NOP 3-NOP
11 NOPA  

 

Wistar Han 22 7.5

3.5 3 NOPA

FACS13

                                            
10  
11  
12  
13 
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FACS  

NOPA

 

NOPA

6 30  

 

 

NOPA

 

 

NOPA

5 6 30  

 

EFSA 3-NOP

5  

 

 

OECD No.431 OECD

No.439  

3-NOP 5  

 

OECD No.437  

3-NOP 5  

 

OECD No.429  

3-NOP 5  
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EFSA 2021 3-NOP 3-NOP

53 80 mg/kg

ADI 1 mg/kg / 1

5 31  

 

 

FSA FSS 2023 3-NOP 3-NOP

52.8 88 mg/kg

ADI POD BMD

BMDL5 95.6 mg/kg / 300 0.3 mg/kg /

32  

 



 

37 

 

3- 3-NOP

1,3-  

3-NOP

1 2 3-NOP

M2 NOPA M7 HPA CO2

M8

M2

M7 CO2

M13  

3-NOP M2

2 M2

 

M2 M7

M2 3-NOP

3-NOP M2

M7  

3-NOP

NOPA

TA100 TA1535

3-NOP

NOPA

 

NOAEL 100 mg/kg /  

NOAEL 100 mg/kg /

3-NOP
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2 100 mg/kg /

NOAEL 100 mg/kg /

 

NOPA

HPA

3-NOP NOPA HPA

3-NOP 3-NOP

NOPA  

3-NOP

NOAEL 52 104

2 100 mg/kg /

100 1 mg/kg /  

 

3-NOP ADI

 

 

ADI 1 mg/kg /  
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27  

  

mg/kg

/  

mg/kg /  

EFSA FSA/FSS  

 28

 

0 100

300 700 

100 

TG  

 300 

 

 90

 

0 50

100 300 

100 

 

 

300

 

 100 

 

 

300

 

52

 

0 25

50 100

300 

0 50

100 600 

100 

 

 

600

 

 100 

 

 

600

 

104

 

0 25

50 100 

0 50

100 300 

100 

 

 

 

50 

 

 

 

100

 

 

100 

 

 

0 20

100 500 

100 

 

 100 
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29

42

52  

 

  

2

 

92

134

 

0 25 50

100 

100

 

 

100

 

 100

 

 

100

 

 

6

20  

0 100

300

1,000 

 

300 

 

 

1,000

 

 

 

 300 

 

 

1,000

 

 

 

 

 

6

29  

0 50

150 450 

 

450

 

 

450

 

 

 

 450

 

 

450

 

 

 

 90

 

0 10 30

100 300

150 2

 

300

 

 

100 

 

 300

 

 

100 

 

ADI mg/kg /  1a 

NOAEL 100 

100 

0.3 

BMDL5 95.6 

300 

1 

NOAEL 100 

100 

ADI  104

 

 52

104
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2

 

ADI mg/kg /  1 a 0.3 1 

a EFSA  
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1  

   

M2 

 

3-  

NOPA  

M7 

 

3-  

HPA  

M8 

 

1,3-  

M9 

 

M13 

 

Lactose 

 

M14 
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2  

  

ADI Acceptable Daily Intake  

A/G Albumin/globrin /  

ALP Alkaline phosphatase  

ALT Alanine aminotransferase  

AST Aspartate aminotransferase

 

AUC Area under the blood concentration time curve

 

AUCinf Area under the blood concentration time curve extrapolated to 

infinity  

AUClast Area under the concentration-time curve till the last 

observation 0

 

BMD Benchmark dose BMR

 

BMDL Benchmark dose lower confidence limit BMD

 

BMR Benchmark response

 

CLtot Total Clearance  

Cmax Maximum observed concentration  

EFSA European Food Safety Authority  

EU European Union  

FACS Fluorescence-Activated Cell Sorting  

FSA Food Standards Agency  

FSH Follicle-Stimulating Hormone  

FSS Food Standards Scottoland  

Hb Hemoglobin  

HPLC High-Performance Liquid Chromatography

 

LC/MS 

 

Liquid Chromatography Mass Spectrometry

 

LC/MS/MS Liquid Chromatography-tandem Mass Spectrometry

 

LD50 50% Leathal Dose  

LOQ Limit of Quantification  
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LSC Liquid Scintillation Counter  

MCH Mean Corpuscular Hemoglobin  

MCV Mean Corpuscular Volume  

MRT Mean Residence Time  

MRTinf Mean Residence Time extrapolated to infinity

 

NMR Nuclear Magnetic Resonance  

NOAEL No-Observed-Adverse-Effect Level  

NOEL No-Observed-Effect Level  

OECD Organisation for Economic Co-operation and Development

 

POD Point of Depature  

RBC Red blood cell  

T1/2 Half-life  

Tlast Last drug concentration time  

Tmax Maximum drug concentration time  

TG Triglyceride  

TLC Thin Layer Chromatography  

Vdss Volume of distribution at steady state

 

Vz Volume of distribution at terminal phase

 

WBC White blood cell  
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