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2005  11  29  1  
2012  2  24  

0222 10  
2012  3  1  421  
2014  4  11  163  
2014  6  17  518  
2014  6  18   7 17   
2014  7  24   
2014  7  29  524  

 
 
 

 
2012 6 30  2012 7 1   

        
   *       
        
       
       
       
       
 * 2011 1 13    
 
 

 
2013 10 1    

  *         
  *         
            
           
         
           
   * 2013 10 22  
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CAS No. 7681-76-7 JECFA

EMEA  

 

fluctuation test

 
3

10 20 mg/kg /
2 10 mg/kg /

 

ADI  
 
  

4 



 

I  

 
 

 
 

 
Ronidazole 

 
 

IUPAC 
(1-methyl-5-nitroimidazol-2-yl)methyl carbamate 

CAS (No. 7681-76-7) 
1-Methyl-5-nitroimidazole-2-methanol carbamate (ester) 

 
 

C6H8N4O4 
 

 
200.15 

 
 

 2  
 

 
5-  

1990 JECFA
0.006 0.009% 7 14 0.012%

0.004 0.006% 7 14 0.006
0.008% 3 5 0.012% 0.006% 3 5

3 4  1996 EMEA

5  EU
MRL

6   
 

1   

N

N
O NH2

O2N

CH3 O

5 



 

II  

JECFA EMEA
3 8  

/ 1 2  
 

 
 

  
[ -methyl-14C]  1 14C  
[methylene-14C]  2 14C  
[carbonyl-14C]  14C  
[ring-2-14C]  2 14C  
[ring-4,5-14C]  4 5 14C

 
14C   
 

 
 

  
14C

 
14C 2 10 mg/kg

24 0.09 0.5 g eq/mL
3   

 
 [II.1.(6)] 14C 2

44.69% 39.12%
3.31% 1.97% 2.24%

50% 4  
 

  
14C

3   
 

  

3%
24 30 36% 16 40%

6 



 

 
36 40% 2

2 6% 3   
 

180 200 g 3 / 14C
10 mg/kg 4

1 14C [ -methyl-14C] [methylene-14C]
[ring-4,5-14C] [carbonyl-14C] 2 4 7 11 14

 
1  

T1/2

-
 

7 11
10 30%  [II.1.(3)] 

4   
 [II.1.(2)] 

endogenous substance
1 2 3   

 
 1 14C  

g eq/g  

   
2 4 7 11 

[ -methyl-14C]  0.33 0.27 0.16 0.11 
 0.48 0.41 0.26 0.17 
 0.31 0.26 0.23 0.18 
 0.14 0.13 0.09 0.07 

[methylene-14C]  0.22 0.10 0.07 0.02 
 0.35 0.26 0.11 0.04 
 0.18 0.13 0.10 0.05 
 0.23 0.14 0.08 0.06 

[ring-4,5-14C]  0.18 0.10 0.06 0.03 
 0.26 0.14 0.07 0.04 
 0.17 0.11 0.07 0.06 
 0.04 0.03 0.02 0.02 

7 



 

[carbonyl-14C]  0.40 0.25 0.12 0.04 
 0.19 0.17 0.08 0.04 
 0.12 0.11 0.07 0.06 
 0.07 0.11 0.07 0.05 

 
10 mg/kg

quite possible 4   
 

20 kg 10 1 / [ -methyl-14C]
3 6.7 9.2 mg/kg /

4 72  
70 80%

 

4 74% 16% 28% 14%
72 26% 27%

71% 65%  
72

53.6% 10%
58.3%

6%
14C

 
1- -2-

-5- HMMNI 1- -2-
-5- 4

4 4,500 ng eq/g HMMNI 95 ng eq/g
5 

ng eq/g 2
HMMNI 4  

 
 [II.2.(1)] 3

0 3 42

7 60%
42
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0 90% 70%

3 30%

3 0
8 10% 7

3  
70 80% 14C

4  
 

 
[ring-2-14C] [ -methyl-14C] 3

0.006%
TC  

HMMNI 0
HMMNI

80%
14C- - 14C- [ring-2-14C]

14C-
-

 

4   
 

1  
HMMNI

1 2 -

R

4  
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 1  

 
 

NADH NADPH
NADPH NADH

 
NADPH- P-450

SH
3-

P-450
P-450

3   
 

 
[ -methyl-14C] 3 7 4

4 5 16 g eq

10 



 

[ -methyl-14C] 16 g eq 18 
g 2 late in the day

2   

102.78% 91.33%   

-
92% 0.5%

 

4   
 

 2 [ -methyl-14C]  
%  

       

 44.69 39.12 3.31 1.97 2.24 91.33 

 26.39 25.29 11.20 18.00 21.90 102.78 
[ -methyl-14C] 16 g eq  

[ -methyl-14C] 16 g eq  
 

 
 

20 30 kg 3 / [ -methyl-14C]
1 1 3 7 mg/kg / 0.006%

0 (6 ) 3 7 14 28 42
 

3 4   
 

 3 [ -methyl-14C] 3  
g eq/g   

  
0 6  3 7 14 28 42 

 10.63 1.53 1.15 0.44 0.10 0.06 
 9.37 1.22 0.85 0.27 0.09 0.05 
 6.32 0.49 0.52 0.25 0.18 0.13 
 1.46 0.30 0.25 0.15 0.06 0.05 

11 



 

 
20 kg 4 [ -methyl-14C] 3

6.7 12 mg/kg / 6 72
 

4 4   
 

 4 [ -methyl-14C] 3  
g eq/g  

 6 72 
 

mg/kg /  6.7 12 9.2 12 

 7.8 12.3 1.6 2.4 
 7.9 11.9 1.1 2.5 
 5.0 8.6 0.5 1.1 
 2.5 1.3 0.4 0.2 

 
120 ( 265 kg) 3 / 7

0.012% 1 3

2 ng/g  
1 24 ng/g

4   
 

75 ( 165 kg) 3 / 7
0.012% 0 1 3 5 7

9
2 ng/g  

0 1
5 4   

 
 5 7  

ng/g  

  
0 1 

 ND ND 
 14 ND 
 3,010 80 
 58 ND 

       ND  
 
 

12 



 

25 ( 55 kg) 3 / 7
75 0.009%

0 1 3 5 7 9
2 ng/g

 
0 1

6 4   
 

 6 7  
ng/g  

  
0 1 

 ND ND 
 16 6 
 612 152 
 20 4 

       ND  
 

12 175( 386 kg)
0.009% 0 1

3 5 7 9
2 ng/g  
0 1

7 4   
 

 7 12  
ng/g  

  
0 1 

 ND ND 
 1.3 ND 
 409 9 
 4 ND 

       ND  
 

 
3 [ -methyl-14C] [ring-2-14C] 4

0.006% 0 2 5
10 14 21  

8 21

4   

13 



 

 8 14C 4  
g eq/g  

  
0 2 5 10 14 21 

 4.5 0.5 0.18 0.05 0 0 
 4.7 0.73 0.4 0.14 0.07 0 
 3.0 0.28 0.09 0.26 0.03 0.04 
  0.37     

 
 

[ -methyl-14C] [ring-2-14C]
0.006% 0 2 3

HMMNI
HMMNI TC  

HMMNI 9

4   
 

 9 14C 3
HMMNI g eq/g   

    HMMNI 
[ -methyl-14C] 

0  
 4.15 <0.02 0.0 
 4.00 <0.03 0.0 
 2.58 1.5 0.1 

[ring-2-14C] 
0  

 3.77 0.01 0.0 
 4.43 0.09 0.02 
 2.05 1.6 0.03 

[ring-2-14C] 
2  

 0.38 0.0 0.0 
 0.9 0.0 0.0 
 0.15 0.007 <0.01 

[ring-2-14C] 
3  

 0.13 0.0 0.0 
 0.44 0.0 0.0 
 0.07 0.0 0.0 

 
persistent residue  

50 60%

 

14 



 

4  

 
   

a. f. 4   
a.

20 1 5%
 

b. NADPH P-450 P-450
 

c.  
d. 

4  
e. 2- 4

2- 2  
f. -

 
 

 
2  

 
  

6

a. c. 4   
a. [methylene-14C] 

HPLC
 

b. [ -methyl-14C] 

97% 76% 94%
86% [ring-4,5-14C] 

15 



 

10%
8.7% 9% 6.5%  

c. 3 4
 

 
 

 
10 11

3 7 8   
 

 10   
    

   
TA1530 TA1532 TA1534
LT2  

0.03 mmol/L S9  
 

   TA1530
TA1531 TA1532 TA1534
TA1535 TA1536 TA1537
TA1538 

10 50 g/plate S9  
 

   TA97a
TA98 TA100 TA102 

0.1 g/mL S9   

Luria and 
Delbrück's 
fluctuation test 

 K12HfrH  
 425 

0.01 mmol/L 
 

 
 11  

    
  

 
10 mmol/L  

 CF1S  50 200 mg/kg /
  

Bone 
marrow cytogenic 
assay  

CF1S  50 200 mg/kg /
6 24

48 5
 

 a 

 CF1S  50 200 mg/kg /
2 5   

 Swiss/RIV  280 mg/kg /
  

a 24 50 200 mg/kg abnormal 
chromosome morphology chromosome rearrangements 48

200 mg/kg hyperdiplody
5 100 mg/kg /

200 mg/kg /
 

16 



 

 
fluctuation test

5   

 
 

 

 
12  

1/10 4 1,2,4- -5-
1/10 1,2- -5-

- -1- -2-
 

-
4   

 
 12  

100  
   

 

 
10 

-  

 

0 

- -1- - 
2-  

 
0 

17 



 

1,2- -5-  

 
0 

1,2,4- -5-  

 
1 

 
99% NADPH

S9  

4   
 

 g
4   

 

EMEA
5   

 
 

LD50 13 3   
 

 13 LD50 
   LD50 mg/kg  

 
  2,330 2,440 
  1,250 

  1,730 

 

  2,850 
 3,140 

  1,140 
 969 

  3,080 
 3,350 

   1,250 

18 



 

 
13  

FDRL 15 13
0 50 100 200 mg/kg / 5

14   
200 

mg/kg / 3 100 mg/kg /
100 mg/kg /

 
 

200 mg/kg /
  

200 mg/kg / 100 mg/kg / 11
50 mg/kg /

  
200 mg/kg / 100 mg/kg

/ 200 mg/kg /
200 mg/kg /

3   

NOAEL LOAEL 50 mg/kg
/  

 
 14 13  

 
mg/kg /    

200  
 

 
 

 

 

100   
 

11/15  
 

 
 

50    
 

17  
2 / 17 0

25 50 100 200 mg/kg / 5
15   

25 mg/kg /

19 



 

1 200 mg/kg /
opisthotonus fine tremors

2 100 mg/kg /
50 mg/kg / 4 3

5 8  
1 100 mg/kg / 4 2 Q-T

200 mg/kg / 1  
100 mg/kg /

50 mg/kg / Glu AST
200 mg/kg / 2 ALP
  

200 mg/kg / albuminurea
 

50 mg/kg /
200 mg/kg /

3   
50 mg/kg /

AST NOAEL 25 mg/kg
/  

 
 15 17  

 
mg/kg /   

200 * 1  
Q-T 1  

ALP  
 

 
 

100  * 2  
Q-T 2  

 
50  * 5 8  

Glu AST  
 

25   
*  

 
 

2  
5 / 2 0 10

20 



 

20 40 mg/kg /
34 40 mg/kg / 30 mg/kg

/ 40/30 mg/kg / 1
2 / 2

16   
10 mg/kg /

20 mg/kg /
3 40/30 mg/kg /

1 40/30 mg/kg
/ 10 7  

20 mg/kg / Hb
Ht  

 
40/30 mg/kg / 2 optic chiasma
globus pallidus 20 mg/kg

/ hydrocephalus subdural 
hemorrhage 20 mg/kg /

 
20 mg/kg /

leukomalacia
phagocytosis

3   

NOAEL LOAEL 10 mg/kg
/  

 
 16 2  

 
mg/kg /   

40/30 
 

2  
20   

Hb Ht  
20

 

 
10  10  

 
*  

21 



 

 
81  

Alderly Park 60 / 81
0 (2 ) 5 10 20 mg/kg /

  

  

10 mg/kg /
combined benign and malignant tumour

/ 20 mg/kg /
17 3   

NOAEL 20 mg/kg
/  

 
 17 81  

%  

  mg/kg /  
1 2 5 10 20 

 
 4 6.7%  3 5%  8 13.3%  9 15%  19* 31.7%  

 3 5%  1 1.7%  2 3.3%  3 5%  8* 13.3%  

 7 11.7%  4 6.7%  10 16.7%  12 20%  27* 45%  

 
 1 1.7%  5 8.3%  3 5%  8 13.3%  14* 23.3%  

 0 0%  1 1.7%  1 1.7%  2 3.3%  6* 10%  

 1 1.7%  6 10%  4 6.7%  10 16.7%  20* 33.3%  

* <0.05         n=60 
 

95 /  
Manor Farm 42 / 95

0 10 20 40 mg/kg / /
 
52

  

 
40 mg/kg /

 
52 40 mg/kg /

22 



 

39 0
40 mg/kg / 41 5 10 mg/kg / 41

2 20 
mg/kg /

18 3   
40 mg/kg /

NOAEL 20 mg/kg /
 

 
 18 95 /  

%  

  mg/kg /  
 10 20 40 

 
/  0/34 a 0%  0/40 0%  0/40 0%  5/32 15.6%  

 0/34 a 0%  0/40 0%  0/40 0%  1/32 3.1%  
 0/34 a 0%  0/40 0%  0/40 0%  6/32 18.8%  

 
/  7/39 a 17.9%  13/41 31.7%  21/41 51.2%  19/41 46.3%  

 0/39 a 0%  2/41 4.9%  0/41 0%  5/41 12.2%  
 b 7/39 a 17.9%  14/41 34.1%  21/41 51.2%  20/41 48.8%  

n=42 
a 52 52  
b /

 
 

104 /  
SD 60 / 104
0 (2 ) 5 10 20 mg/kg / /

15 6 13 25
52 78 104

108

  

20 mg/kg /
2 10 mg/kg /

 
20 mg/kg /

 
20 mg/kg / 10 mg/kg /

19 3   
10 mg/kg /

23 



 

NOAEL 5 mg/kg / 20 mg/kg
/ 10 mg/kg /

 
 

 19 104 /  
%  

 mg/kg /  
1 2 5 10 20 

 3 5%  2 3.3%  3 5%  6 10%  8* 13.3%  
 45 75%  42 70%  49 81.7%  53* 88.3%  54* 90%  

* <0.05         n=60 
 

JECFA 2  [II.6.(1)] 104
/  [II.6.(4)] 

NOEL 5 mg/kg /
81  [II.6.(2)] 104 /

 [II.6.(4)] 
NOEL 5 mg/kg / 3   

2  [II.6.(1)] 
104 /  [II.6.(4)] 

NOAEL 5 mg/kg /
81  [II.6.(2)] 

95 104 /  
[II.6.(3) (4)] 

  
 

 
3  

SD 35 10 20 /
0 0.02 0.04 0.089% (0 25 30 60 mg/kg

/ ) 3 2 /
70 3 2

1
  

3
6

 
0.089%

0.02% 0.04%

24 



 

0.04% 1

F3b

3   

NOAEL 0.089% 60 mg/kg /
0.089%

NOAEL 0.04% 30 mg/kg /   
 

 
CF1S 20 / 6 15 0 

(2 ) 50 100 200 mg/kg /  
200 mg/kg /

50 100 mg/kg /

200 mg/kg /
 

200 mg/kg /
200 mg/kg / 4

3   
200 mg/kg /

NOAEL 100 mg/kg /

NOAEL 200 mg/kg /
  

 
 

SD 20 / 6 15 1 0 50 100
200 mg/kg / 2 0 100 150 200 mg/kg /

 
50 100 150 mg/kg /

200 mg/kg / 1
2  

100 mg/kg /
100 mg/kg / 2
150 200 mg/kg / 1 2

1  “40 and 60 mg/kg bw/day 2 0.04%
 

25 

                                            



 

  
1 50 mg/kg /

100 mg/kg / 1
200 mg/kg / 4

2 1 1 200 mg/kg
/ 100 mg/kg / 1

200 mg/kg /
interparietals supraoccipitals zygomatics

 
2

1 200 mg/kg / 1
200 mg/kg /

1/3 200 mg/kg
/ 11

200 
mg/kg /

3   
2 100 mg/kg /

100 mg/kg /
NOAEL 50 mg/kg /

  
 

 
2  

New Zealand 15 / 7 15
1 0 3 10 30 mg/kg / 2 0 10 30 mg/kg /

 
3 10 mg/kg /

30 mg/kg /
 

30 mg/kg /

7 0.4 2.4%
2 30 mg/kg / 2.7 2.8%

3   
30 mg/kg /

NOAEL 10 mg/kg /  

26 



 

III  

 
JECFA  
JECFA 1989 1994 2  
1989 NOEL 5 mg/kg

/ NOEL 5 mg/kg / 200
ADI 0 0.025 mg/kg /

NOEL 2
 

JECFA
1993 3   

1994 JECFA
ADI ADI 9   

 
EMEA  
EMEA 2  
1 CVMP

MRL
2 ng/g 5   

MRL 2
MRL

MRL 1994 1 1 MRL
COUNCIL REGULATAION (EEC) No 2377/90

IV2 10   
 

 

fluctuation test

2 MRL
EU COMMISSION 

REGULATION (EU) No 37/2010 Table 2 6 11  

27 

                                            



 

 
3

10 20 mg/kg
/ 2 10 mg/kg /

 
ADI

 
 
 
  

28 



 

 20 JECFA  

   
mg/kg /  mg/kg /  

 81
/
 

0 5 10 20
 

5 
 

  0 50 100 200
 

100 
 

 
 13

 
0 50 100 200

5  
50 

 
 95

/
 

0 10 20 40
 

 
20  

 104
/
 

0 5 10 20
 

5 
 

 3
 

0 0.02 0.04 0.89 %
0 25 30

60  

30 
 

 
  0 50 100 200

 
100 

50 
 

 
  0 100 150 200

 
  0 3 10 30

 
10 

 
 

  0 10 30  

 17
 

0 25 50 100 200
5  

25 
AST

 
 2

 
0 10 20 40   

10  
ADI ADI  
ADI  NOEL  

SF  
 
  

29 



 

1 /  
 /  

HMMNI 1- -2- -5-  
 1- -2- -5-  
 1- -2- -5-  
 1- -2- -5-  
  

 
 
 

2  
  

ADI  
ALP  
AST  

= GOT  
CVMP  
EMEA  

Glu  
Hb  

HPLC  
Ht  

JECFA FAO/WHO  
LD50  

LOAEL  
MRL  

NADH  
NADPH  
NOAEL  
NOEL  

T1/2  
TC  
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1. 34 370

17 11 29 499       
2. The Merck Index, 15th, 2013      
3. JECFA: Ronidazole. Toxicological evaluation of certain veterinary drug residues in 

food. WHO Food Additives Series, No. 25, 1990, nos 669 on INCHEM.        
4. JECFA: Ronidazole. Residues of some veterinary drugs in foods and animals, 

1989.        
5. EMEA: Committee for Veterinary Medicinal Products, RONIDAZOLE (1), 

Summary Report, 1996.        
6. European Union: COMMISSION REGULATION (EU) No 37/2010 of 22 

December 2009 on pharmacologically active substances and their classification 
regarding maximum residue limits in food stuffs of animal origin.      

7. M Hite, H Skeggs, J Noveroske, H Peck: Mutagenic Evaluation of Ronidazole. 
Mutation Research, 1976; 40: 289-304.        

8. JL Oud, AHH Reutlinger, J Branger: An Investigation into the Cytogenetic 
Damage Induced By the Coccidiostatic Agents Amprolium, Carbadox, 
Dimetridazole and Ronidazole. Mutation research, 1979; 68: 179-182.        
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