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1   

2005  9  13  
0913008  

2005  9  15  111  
2005  11  29  1  
2006  7  18  

0718022  
2006  7  20  153  
2006  11  17  63  
2006  11  30  169  
2007  1  17   
2007  1  18  174  

 
2007  12  12  2  

 
2   

2014  7  2   
0701 6  

2014  7  8  521  
2014  7  17  89  
2014  8  25  91  
2014  12  5  96  
2015  3  20   
2015  3  24  554  

2015 5 12  
 
 

 
2006 6 30  2006 12 20  2009 6 30  

          
         *  
         
         
         
        ** 
         
  * 2007 2 1  

** 2007 4 1  
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2011 1 6  2012 6 30  2012 7 1  
        *  
   *     *    *  
        *  
       *  
        
        
        
* 2009 7 9  * 2011 1 13  * 2012 7 2  
 
 

 
1  
2005 9 30  2007 2 11  2007 9 30  

         
         
                     
                  
                     
                 
                   
               
              
         
 
 

 
2  
2013 10 1    

 *    
 *    
       

        
      
       
      
        
      
       

* 2013 10 10    
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89  

  
 

96  
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CAS No. 80370-57-6
JECFA EMEA

 

 

ADI
 

NOAEL LOAEL
90 91 NOAEL 30 

mg/kg / ADI NOAEL 500 10
10 5 0.06 

mg/kg /  
ADI 0.05 mg/kg /

 
ADI ADI ADI 0.05 

mg/kg /  
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Ceftiofur 
 

 
IUPAC 

(6R,7R)-7-{[(2Z)-2-(2-amino-1,3-thiazol-4-yl)-2-(methoxyimino)acetyl] 
amino}- 3-{[(furan-2-ylcarbonyl)sulfanyl]methyl}-8-oxo-5-thia-1- 
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

 
CAS (No. 80370-57-6) 

(6R,7R)-7-[[(2Z)-2-(2-Amino-4-thiazolyl)-2-(methoxyimino)acetyl]amino]-
3- [[(2-furanylcarbonyl) thio]methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2- 
ene-2-carboxylic acid 

 
 

C19H17N5O7S3             3 4  
 

 
523.56               3 4  

 
 

 3 4  
 

 
 

 

 
Ceftiofur Sodium 

N

HH
O

N
H

O

S

COOH

S

O

O
N

OCH3

S

N
H2N
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IUPAC  
Sodium  (6R,7R)-7-{[(2Z)-2-(2-amino-1,3-thiazol-4-yl)-2-(methoxyimino) 
acetyl]amino}-3-[(2-furoylsulfanyl)methyl]-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylate 

 
CAS (No. 104010-37-9) 

 
   

C19H16N5NaO7S3 
 

 

545.55 
 

 

 
 
 
 
 
 
 
 
 

 
 

 
Ceftiofur Hydrochloride 

 
 

IUPAC  
(6R,7R)-7-{[(2Z)-2-(2-Amino-1,3-thiazol-4-yl)-2-(methoxyimino)acetyl] 
amino}-3-[(2-furoylsulfanyl)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct- 
2-ene-2-carboxylic acid (1:1) 

 
CAS (No. 103980-44-5) 

 
   

C19H18ClN5NaO7S3 
 

N

HH
O

N
H

O

S

COOH

S

O

O
N

OCH3

S

N
H2N

- Na
+
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560.02 
 

 
 
 
 
 
 
 
 

-

5 10  

4 11 12  

22 233 11 1
13 14 15 16  

2000 0.05 mg/kg /
ADI 2007 ADI

10 17  
 

 
JECFA EMEA

 
1 2  

 
 

1 11  

N

HH
O

N
H

O

S

COOH

S

O

O
N

OCH3

S

N
H2N

HCl 
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O
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O
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S
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O
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S

N
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N
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O

N
OCH3

S
N

CO2H

S
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(protein)

S
NH2

CO2H

S

N

H
N
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O

N
OCH3

S
N
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S
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S
NH

O
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S
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1  
 

 

0.5 2
2~4

5  
 

SD 10 / 100 

CO2H

 
 

DCD  

2N

 
DFC  

 
 

DGD  

 
DFC-P  

3,3’-
DFC DFD  

Polar C 

Polar A B 

 
CSCT  

(proteins)

10 



 

mg( )/kg 0 1 2 4 6 10 24 48 72
DFC HPLC-MS/MS

 
1 12 18  

 
1 

 

 Cmax 
g/mL  

AUC0-  
g h/mL  

Tmax 
h  

 2.25 24.0 2.7 
 1.55 19.7 3.2 

 
SD 10 / 14C

100 mg( )/kg 1 2 4 6
12 24 48 72 LSC

 
2 4 19  

 
2 

 

 
Cmax 

g eq/mL  
AUC0-72 

g eq h/mL  
Tmax 

h  
      

 3.43±1.31 1.86±0.51 44.44±17.34 23.62±5.09 3.8 3.5 

 4.78±1.76 2.19±0.60 49.53±11.54 23.53±3.89 3.2 2.9 

  n=22  
 

  

SD 7 14C 200 mg/kg
55%

6 1 mg/kg
0.7 mg/kg

CSCT 9  
 

SD 4 14C 2 mg/kg
55% 30%
DFC

4.4 21% 9  
 

11 



 

2 14C
DFC

-1-
9  

 
 

  

a.  

3 3 4 
mg( )/kg 0.5 1 2 3 5 8 12 24 48 72 96

120 DFC DCA
HPLC  

3 96
11  

 
 3  

Cmax 
g/g  

AUC 
g h/g  

Tmax 

h  
T1/2 

h  
26 182 0.83 5.0 

 
2 A B 2 6 3 /
/ 5 2 4 mg( )/kg /

1 0.5 1 2 3 5 8 12 24 2 4
24 24 48 72 96

DFC DCA HPLC
 

4 5
1 5 24

11  
 

4 5
g/g  

 
 

mg( )/kg
/  

* 

1  2  3  4  5  5
48  

A 
2 1.3 1.6 1.7 1.6 1.6 0.41 
4 1.9 2.1 2.5 2.7 2.6 0.71 

B 
2 1.0 1.2 1.2 1.3 1.2 0.28 
4 1.3 1.7 1.8 2.0 1.9 0.53 

* 1 5 24 5 48 48  
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5 5  

  
mg( )/kg  

Cmax  
g/g  

Tmax 
h  

AUC 
g h/g  

A 
2 10.2 1.7 103.95 
4 19.3 1 170.72 

B 
2 11.7 1.2 96.73 
4 19.7 0.8 148.83 

 
5 / 1

2 mg( )/kg 0 0.5 1 2 3 4 5 6 8
12 24 36 48 60 72 DFC

DCA HPLC
 

6 1 mg( )/kg 72 2/5
0.05 g/g 12 20  

 
 6  

 
mg( )/kg  

Cmax 
g/g  

Tmax 
h  

AUCt 
g h/g  

T1/2 
h  

1 2.07±0.76 3.4±0.9 35.93±8.37 13.4±4.1 
2 4.60±0.58 3.6±0.5 94.14±6.46 13.4±1.3 

n=5  
AUCt t AUC 

 
4 4 2.2

4.4 mg( )/kg / T1/2 3.5 Cmax

2.2 4.4 mg( )/kg / 2 8.8 17.3 
g/mL1 DFC T1/2 9.7 9  

 
b.  

( ) 6 9 6.6 
mg( )/kg 6 12 24 5 7 9 11

14 DFC DCA
HPLC  

7 4 21  
 
 
 

1 9 mg/mL g/mL  

13 

                                            



 

7  
Cmax 

( g/mL) 
Tmax 
(h) 

AUC0-LOD 
( g h/mL) 

T1/2 
(h) 

6.39 ± 1.79 19.8 ± 5.8 412 ± 67 40.7 ± 11.2 
n=15  
 

12 6.6 mg(
)/kg 6 12 24 36 2 10

DFC DCA
HPLC  

8 4 22  
 

8  
Cmax 

( g/mL) 
Tmax 
(h) 

AUC0-LOD 
( g h/mL) 

T1/2 
(h) 

4.44 ± 1.65 19.0 ± 8.0 321 ± 86 43.9 ± 9.8 
n=12  
 

c.  

( ) 14C 12
2 125 mg( )/ Cmax

0.7 g/mL Tmax 17 AUC0-36h 14 g h/mL MRT 19
 

5 70 15
13% 7  

 
( ) 14C 24

2 125 mg( )/ Cmax 0.63 0.72 
g/mL Tmax 8 7 AUC0-<LOQ 19 g h/mL MRT 17

6
58 22 13 6% 7   

 
( ) 250

500 mg( )/ 250 500 mg/
Cmax 0.85 3.74 g/mL Tmax 18 9

AUC0-LOQ 50 128 g h/mL MRT 51 45
7  

 
  

a.  

14 



 

3 3 4 
mg( )/kg 1 DFC

DCA HPLC
 

9 (22 g/g) (10 
g/g) 11  

 
9 g/g  

           
 20 1.0 3.1 3.9 10 2.0 3.5 2.3 1.4 22 

 
( 1 124.5 126.0 kg) ( 2

177.5 191.5 kg) 14C 5 2.2 mg(
)/kg / 8

 
10 6.38 g eq/g

5.54 g eq/g 11  
 

10 14C 5 g 
eq/g  

      
 

 
 0.23 ± 0.05 0.56 ± 0.34 1.35 ± 0.24 5.54 ± 1.30 1.18 ± 0.16 6.38 ± 3.05 

n=6  ±  
5  

 
6 14C 5 2.2 

mg( )/kg / 8
1,350 g eq/kg 5,540 g eq/kg 230 g eq/kg 550 

g eq/kg 1,377 10,543 g eq/kg
6  

 
b.  

( ) 14C 12
2 125 mg( )/ 5

LSC 2 g eq/kg
72 44,200 g eq/L 75 

g eq/L 19 g eq/kg 75 g eq/kg
5 g eq/kg 7  
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1 14C 2 mg(
)/kg 0.5 1 2 4 8

HPLC  
11 DFC DCT

DCT DFC
DFC 11  

 
11 14C  

(%) 

  
(h) 

0.5 1 2 4 8 

DFC 
1 35.9 17.3 21.8 3.6 17.6 
2 11.9 30.4 23.9 12.0 12.6 

DCT 
1 64.0 82.3 77.9 96.3 82.3 
2 75.1 69.5 75.6 87.9 84.9 

 
( 1 124.5 126.0 kg) ( 2

177.5 191.5 kg) 14C 5 2.2 mg(
)/kg / 6 12

HPLC  
12 DFD

11  
 

12 14C 5  (%) 

 

 DCD DFC/ 
DCT 

CSCT DFD 
1 2 3 

6 1 5.8 10.5 1.5 79.6 0.0 0.0 0.0 
12 1 24.7 15.8 0.2 51.1 0.1 0.0 0.0 

2 11.9 21.3 4.1 58.1 0.0 0.0 0.2 
 

2 14C 2 
mg( )/kg

DFC DFD
9  

 
14C

1 DFC
16 24 DFC DFC

16 



 

9  
 

1 14C 2 mg( )/kg
55% 30%

DFC HPLC

87% DFC
9  

 
  

3 3 4 
mg( )/kg  

0 6 33.0% 120
43.1%

11  
 

( 1 124.5 126.0 kg) ( 2
177.5 191.5 kg) 14C 5 2.2 mg(

)/kg / 1.5 3.1
8 80.5 90.2%

11  
 

14C 5 2.3 
mg( )/kg / 63
36 0.15% 6  

 
 

  

a.  

(LW) 2 3
6 mg( )/kg DFC

DCA HPLC
 

0.5 Cmax 0.5
2 120

0.5 g/g 11  
 

(LWD) 5 / 1 3 mg(

17 



 

)/kg 0 0.25 0.5 1 2 3 4 6 8 12
24 36 48 60 72 DFC

DCA HPLC
 

13 12 23  
  

13  

 
Cmax 
( g/g) 

AUCt 
( g h/g) 

Tmax 
(h) 

T1/2 
(h) 

1 mg 2.55 ± 0.52 46.47 ± 10.07 2.2 ± 0.4 11.7 ± 0.8 
3 mg 8.86 ± 0.67 166.02 ± 11.25 3.0 ± 0.7 12.2 ± 0.4 
n=5  ±  

 
40 60 kg 15

5 mg( )/kg 0 6 12
24 2 3 4 5 7 10 DFC

DCA HPLC
 

14 4 24  
 

14  
Cmax 

( g/mL) 
AUC0-LOQ 

( g h/mL) 
Tmax 

(h) 
T1/2 

(h) 
4.17 ± 0.92 373 ± 56.1 22 ± 12.2 49.6 ± 11.8 

n=30  ±  
 

b.  

(YH) 4 5 6 14C 3
5.2 mg( )/kg /

Cmax 2
1 2 3 11.88 ± 1.55 14.53 ± 1.63

15.44 ± 1.63 ppm 1 2
24 2.31 ± 0.54 3.30 ± 0.83 ppm 3 12 7.01 

± 1.42 ppm 9 11  
 

  

a.  

(LW) 2 3
6 mg( )/kg 1

DFC DCA

18 



 

HPLC  
37 g/g

20 10 g/g
1.4 g/g 11  

 
b.  

(YH) 4 5 6 14C 3
5.2 mg/kg / 12

 
15 4.47 ± 0.81 g eq/g

15 0.1 1.9
2.7 1.7 g eq/g 9 11  

 
15 14C 3  

g eq/g  

     
 

  

 0.76 ± 0.24 1.49 ± 0.54 1.55 ± 0.18 4.47 ± 0.81 2.90 ± 1.28 1.22± 0.52 2.93± 0.56 
n=12 n=6  ±              

 
  

(YH) 4 5 6 14C 3
5.18 mg/kg / 12

HPLC TCA
60% 6,000

 
16 17 DFD

23.7 ± 12.8% DCD 22.1 ± 5.8% 14.6 
± 12.1%  

DCD 12.3 ± 4.1%
C 11.3 ± 2.9% 11  

 
16 14C 3

%  
  DCD DFC DFD CSCT 

 14.6 ± 12.1 22.1 ± 5.8 1-2 (3/12) 23.7 ± 12.8 1-5 (6/12) 
 A B C  

  7.70 ± 3.0 1-5 (10/12) 0 2-5 (7/12) 
n=12  ±  
  

19 



 

 
17 14C 3

%  
DCD A B C 

12.3 ± 4.1 7.6 ± 2.3 4.3 ± 3.1 11.3 ± 2.9 
n=12  ±  

 
  

a.  

(LW) 2 3
6 mg( )/kg DFC

DCA HPLC
 

0 6 120
44 50%  

11  
 

b.  

(YH) 4 5 6 14C 3
5.2 mg( )/kg /

LSC  
61.82 ± 4.70 10.75 

± 5.07% 11  
 

 
14C 5 2.25 

mg( )/kg / 98% 108
92% DFD 68%

13% 8  
 

 
 

  
2 3 3 / / 1 /

5 2 4 mg( )/kg /
1 3 15 20 25

DFC DCA
HPLC  

18 15 4 mg/kg /

20 



 

0.05 g/g 20
11  

 
18 5 g /g  

 
 

mg( )/kg
/  

  

1 3 15 20 25 

 

2 
1 0.12  <0.05 <0.05   
2 0.76 0.30 <0.05 <0.05  

4 

1 
0.33 

<0.05
0.68a 

<0.05 <0.05  

2 
0.74 0.43 <0.05 0.16 <0.05 <0.05 

 

2 
1 0.46 <0.05 0.06 <0.05 <0.05  

2 0.51 0.12 <0.05 <0.05  

4 
1 0.64 <0.05 0.11 <0.05 <0.05  

2 1.0 0.21 <0.05 <0.05  

 
2 

1 <0.05 <0.05    
2 <0.05 <0.05    

4 
1 <0.05 0.07 <0.05 <0.05   
2 0.07 <0.05 <0.05   

 
2 

1 0.08 <0.05 <0.05   
2 0.11 <0.05 0.10 <0.05 <0.05  

4 
1 0.12 <0.05 <0.05   
2 0.25 0.07 <0.05 <0.05  

 

2 
1 0.15 <0.05 <0.05   
2 0.11 0.06 <0.05 <0.05  

4 
1 

0.19 <0.05 0.06 <0.05 <0.05  

2 0.22 0.07 <0.05 <0.05  

 

2 
1 5.6 0.13 <0.05 <0.05  
2 3.3 0.22 <0.05 <0.05  

4 
1 

11 <0.05 0.14 <0.05 <0.05  

2 34 0.23 <0.05 <0.05  
 2 1 0.73 <0.05 <0.05   

21 



 

2 0.44 0.08 <0.05 <0.05  

4 
1 1.0 0.06 <0.05 <0.05  
2 1.2 0.13 <0.05 <0.05  

n=3  
0.05 g/g 

a  
 

3 6 4 / / 1 /
5 1 mg( )/kg /

1 3 5 7 9
DFC DCA HPLC

 
19 1

9
12 25  

 
19 5 g/g  

 
 

1 3 5 7 9 
 <0.05 <0.05 <0.05   
 0.46±0.09 <0.05 0.90 a 0.15±0.09 <0.05 0.15 <0.05 0.25 
 0.40±0.14 0.07±0.02 <0.05 <0.05  
 0.08±0.02 <0.05 <0.05   
 0.07±0.02 <0.05 <0.05   

 3.57±1.12 0.34±0.23 0.13±0.10 <0.05 0.11 <0.05 
n=4  

0.05 g/g 
 

a  
 

1 6 4 / / 1 /
5 1 mg( )/kg / 1

3 5 7 9
DFC DCA HPLC

 
20 1

9
12 26  

 
 
 
 

22 



 

20 5 g/g  

 
 

1 3 5 7 9 
 <0.05 <0.05 <0.05   
 0.60±0.40 0.29±0.34 <0.05 0.69 a <0.05 0.35 <0.05 0.20 
 0.36±0.10 <0.05 0.09 <0.05 <0.05 <0.05 
 <0.05 0.22 <0.05 0.05 <0.05 <0.05  
 0.10±0.01 <0.05 <0.05   

 3.04±0.58 0.27±0.04 0.13±0.10 <0.05 0.11 <0.05 0.10 
n=4  

0.05 g/g 
 

a  
 

( ) 14C 5 2.2 
mg( )/kg / 5

12 24 115 g eq/kg
12 24 48 60 20 g 

eq/kg 65% DFC
DCD

14C 60%

380 2,500 80 80 6,720 g eq/kg 6  
 

14C 3
2.2 mg( )/kg / 8 3 21 39

LSC  
21 3

953 766 g eq/kg 39 23 30 g 
eq/kg 6  

 
21 14C 3

g eq/kg  

 
 

8  3  21  39  
 1,294 250 60 11 
 3,508 953 159 23 
 208 20 <10 <10 
 324 37 <10 <10 

 3,924 766 255 30 
10 g eq/kg 

 

23 



 

  
2 5 4 / / 1 /

6.6 mg( )/kg
1 2 5 10

DFC DCA HPLC
 

22 10 1/4
0.05 0.35 g/g

4 27  
 

22 g/g  

 
 

1 2 5 10 
 0.24±0.06 0.12±0.04 <0.05 <0.05 
 0.51±0.08 1.33±0.22 0.73±0.44 0.20±0.13 
 3.32±0.83 1.59±0.54 0.20±0.03 <0.05 0.07 a 
 0.96±0.58 0.54±0.20 <0.05 0.09 <0.05 
 0.54±0.05 0.34±0.07 0.09±0.01 <0.05 0.05 
 0.57±0.11 0.31±0.17 <0.05 <0.05 

 0.74±0.14 0.37±0.11 <0.05 0.06 <0.05 
 0.65±0.10 0.51±0.28 <0.05 <0.05 

n=4 
 

0.05 g/g 
a  

 
2 4 / / 1 /

6.6 mg( )/kg 1 2 5
10

DFC DCA HPLC
 

23 5
10 10

0.29 0.69 g/g 1/4 0.21 g/g
4 28   

 
23 g/g  

 
 

1 2 5 10 
 0.20 0.18 <0.05 <0.05 
 1.75 1.17 1.08 0.40 

24 



 

 2.29 1.83 0.31 <0.05 0.21a 
 0.32 0.29 <0.05 0.06 <0.05 
 0.70 0.64 <0.05 0.10 <0.05 
 0.94 0.48 <0.05 0.06 <0.05 

 0.65 0.65 <0.05 0.09 <0.05 
 0.44 0.44 <0.05 0.09 <0.05 

n=4 
0.05 g/g 

a  
 

  
( ) 14C

24 2 125 mg( )/ 12
2 4 6  

12 49,660 g eq/L
132 88 g eq/L 12

144 g eq/kg 589 g eq/kg 33 g eq/kg 6,860 
g eq/kg 7  

 
 

  
2 1 2 2 6 3 /

5 2 4 mg( )/kg /
1 4 12 24 12 24 36 48 60

72 84 96
DFC DCA HPLC

 
24 4 24 24

11  
 

24 5 g/g  

 
mg( )/kg 

/  

h  

1  2  3  4  5  

12 24 12 24 12 24 12 24 12 24 36 48 

2 

<0.05
0.06a 

<0.05 0.06 <0.05 0.06 <0.05 0.08 <0.05 0.06 <0.05 <0.05  

0.06 <0.05 0.07 <0.05 0.05 <0.05 
<0.05

0.08 
<0.05 

<0.05
0.08 

<0.05 <0.05  

4 0.09 <0.05 0.13 <0.05 0.12 <0.05 0.11 <0.05 0.10 <0.05 <0.05  

25 



 

0.12 <0.05 0.13 <0.05 0.11 <0.05 0.10 
<0.05

0.06 
0.11 <0.05 <0.05  

1 2 
n=3  

0.05 g/g 
a   

 
3 8 12 5 1 

mg( )/kg / 12 24 36 48 60 72 84 96
DFC

DCA HPLC
 

25 84
12 29  

 
25 5 g/g  

 
h  

12 24 36 48 60 72 84 96 

 
0.06±
0.01 

<0.05
0.06a 

<0.05
0.05 

<0.05
0.06 

<0.05
0.07 

<0.05
0.07 

<0.05 <0.05 

n=12  0.05 g/g 
a  

 
2 8 12 5 1 

mg( )/kg / 12 24 36 48 60 72 84 96
DFC

DCA HPLC
 

26 60
12 30  

 
26 5 g/g  

 
h  

12 24 36 48 60 72 84 96 

 
<0.05

0.05a 
<0.05

0.05 
<0.05 

<0.05
0.06 

<0.05 <0.05   

n=12   0.05 g/g 
a   

 
( ) 14C 5

2.2 mg( )/kg / 14 2
10 71 g eq/kg 12 40 g 

eq/kg 6  

26 



 

 
  

4 6 12 6.6 
mg( )/kg 12 24 36 48 60 72 84 96

DFC
DCA HPLC

 
27 12 84 6/12

96
4 31  

 
27 g/mL  

 
 

h  
0 12 24 36 48 60 72 84 96 

 <0.05 
<0.05

0.05a 
<0.05

0.06 
<0.05

0.08 
<0.05

0.08 
<0.05

0.07 
<0.05

0.05 
<0.05

0.05 
<0.05 

n=12  0.05 g/mL 
a  

 
12 6.6 mg(

)/kg 12 24 36 48 60 72 84 96 108 120 132
144

DFC DCA HPLC
 

28 24 48 5/12
60 4

32  
 

28 g /mL  

 
h  

0 12 24 36 48 60 72 

 

<0.05 <0.05 <0.05
0.08a 

<0.05
0.07 

<0.05
0.05 <0.05 <0.05 

84 96 108 120 132 144  

<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

n=12  0.05 g/mL 
a  

 
 

( )

27 



 

250 500 mg( )/ 96
DFC DFC

DCA HPLC
0.010 g/g

4
0.05 g/g

7  
 

( ) 250
500 mg( )/

40 60 96
DFC DFC

DCA HPLC
0.05 g/g

4
0.1 g/g 7  

 
 

  
2 (LW) 2 2.5 3 / / 1

/ 3 3 6 mg( )/kg /
1 3 7 10 15

DFC DCA HPLC
 

29 7 6 mg/kg /
0.05 g/g 11  

 
29 3 g/g  

 
 

mg( )/kg
/  

  

1 3 7 10 15 

 

3 
1 0.17 <0.05 <0.05   
2 0.12 <0.05 <0.05   

6 
1 0.24 <0.05 <0.05   
2 

0.24 
<0.05

0.06a 
<0.05 <0.05  

 3 
1 0.51 <0.05 0.07 <0.05 <0.05  

2 0.30 <0.05 <0.05   

28 



 

6 
1 0.73 0.08 <0.05 <0.05  
2 0.63 0.08 <0.05 <0.05  

 
3 

1 0.17 <0.05 <0.05   
2 0.14 <0.05 <0.05   

6 
1 0.24 <0.05 <0.05   
2 0.22 <0.05 <0.05   

 

3 
1 

0.24 <0.05 0.08 <0.05 <0.05  

2 0.16 <0.05 <0.05   

6 
1 0.31 0.08 <0.05 <0.05  
2 0.27 <0.05 0.06 <0.05 <0.05  

 

3 
1 0.34 <0.05 <0.05   
2 0.15 <0.05 <0.05   

6 
1 0.39 

 
<0.05 0.10 <0.05 

 
<0.05 

 
 

 
2 0.24 <0.05 <0.05   

 

3 
1 0.21 <0.05 <0.05   
2 0.31 <0.05 <0.05   

6 
1 0.56 <0.05 <0.05   
2 0.58 <0.05 0.10 <0.05 <0.05  

 
3 

1 7.1 0.37 <0.05 <0.05  
2 2.3 0.24 <0.05 <0.05  

6 
1 8.7 0.66 0.07 <0.05 <0.05 
2 4.1 0.48 <0.05 <0.05  

0.05 g/g 
a   

 
2 3 2 / / 1 /

3 3 mg( )/kg /
12 24 36 48 72

DFC DCA HPLC
 

30 72
12 33  

 
 
 

29 



 

30 3 g/g  

 
h  

12 24 36 48 72 
 0.26±0.06 0.09±0.02 0.07±0.03 <0.05 0.06a <0.05 
 0.51±0.03 0.22±0.10 0.11±0.05 <0.05 0.05 <0.05 
 1.30±0.22 0.50±0.12 0.26±0.12 0.12±0.01 0.05±0.01 
 0.48±0.06 0.21±0.04 0.12±0.04 0.08±0.01 <0.05 0.05 
 0.62±0.11 0.25±0.06 0.13±0.04 0.07±0.01 <0.05 

 2.14±0.90 1.02±0.44 0.51±0.40 0.18±0.12 <0.05 0.72 
n=4   0.05 g/g 
a  

 
4 3 / /

1 / 3 3 mg( )/kg /
12 120

DFC DCA HPLC
 

31 12
120 3/6

12 34  
 

31 3 g/g  

 
h  

12 120 
 0.24±0.057 <0.03 
 0.589±0.449 <0.1 
 1.192±0.362 <0.1 

 0.398±0.043 <0.1 
 0.360±0.085 <0.1 

 1.318±1.173 <0.03 0.053a 
 1.404±0.359 <0.1 

n=6 
0.03 g/g 0.1 g/g 

a  
 

2 2 / / /
5.0 mg( )/kg

14 28 42 56 70
DFC DCA HPLC

 
32 42 2/4

30 



 

14
4 35  

 
32 g/g  

 
 

14 28 42 56 70 
 <0.10 <0.10    
 <0.10 <0.10    
 <0.10 <0.10    
 <0.10 <0.10    
 <0.10 <0.10    

 10.89 0.45 <0.10 0.28a <0.10 <0.10 
n=4   

0.10 g/g 
a  

 
11 3 / / 1

/ 5.2 mg( )/kg
14 28 42 56 70

DFC DCA HPLC
 

33 14
4 36  

 
33 g/g  

  
14 28 42 56 70 

 <0.10     
 <0.10     
 <0.10 <0.10 <0.10 <0.10 <0.10 

/  <0.10     
 <0.10     

 24.4±13.6 5.89±2.25 1.18±0.94 <0.10 2.07a <0.10 0.405 
n=6   0.10 g/g 
a  

 
 

3 14C 5 2.25 
mg( )/kg / 10 12

9,016

31 



 

619 128 123 1,069 g eq/kg 8  
 

9 5 2 mg( )/kg
/ HPLC Delvo

12 1
50 g/kg2 8  

 
3 / 1 3 1.1 mg( )/kg

2 4 2.2 mg( )/kg 1 2
2  3 4

2
5 1.1 2.2 mg( )/kg /

1.1 mg( )/kg
/ 12

2,700 200 170 170 270 g/kg 2.2 mg(
)/kg / 12

4,170 230 130 200 1,000 g/kg
8  

 
  

 
34 35 6 9 11  

 
34   

     

 
TA98 TA100 TA1535
TA1537 TA1538 

S9 0.125 0.250
0.5 1.0 g/plate  

 9 

TA98 TA100  
TA1535 TA1537 
 

WP2  

2 5
6 a 

TA100 
S9

0.3125 g/plate 
+S9 1.25 

 11 

2 8 mg/kg
g/kg  

32 

                                            



 

 g/plate 

.
TA98 TA1535  
TA1537 

S9 5 
g/plate 

 
.  WP2  

S9 5 
g/plate 
+S9 20 

g/plate 

HGPRT  
V79  

S9 1.0 2.0 4.0 
g/mL 

 9 

 CHO  
S9 211 5,000 

g/mL 
 

 

S9

 

9 

CHO  
 

20  
S9 2,560 3,200  

4,000 g/mL 
+S9 2 +18

3,200 4,000 5,000 
g/mL 

 

 
11 

44  
S9 671.1 g/mL 

+S9 2 +42

5,000 g/mL 
 

S9 274.9 343.7  
429.6 g/mL 

-
S9

 

11 

 SD  0 250 500 1,000 
mg/kg   9 

CD-1  0 250 500 1,000  6 9

33 



 

mg/kg b 
 

11 

DNA
UDS

 

 0 0.03 0.1 0.3  
1.0 mg/mL 

 9 

1,000 4,000 mg/kg
 

 
 

6 

 
CD-1  450 900 1,750 mg/kg

c 
 

 
9 11 

 

CD-1  350 700 1,400 mg/kg
c 

5
 

 

9 11 

a  5,000 g/plate  
b  1,000 mg/kg  

 
c  2,500 mg/kg  

 
 
 

35   
     

 TA98 TA100 TA1535  
TA1537 TA1538 

250 500 1,000 2,000 
 g/plate 

 9 11 

HGPRT  
V-79  

250 500 1,000 1,500 
 g/mLa S9  

 9 11 

UDS   1 3 10 30 100  
300 1,000 mg/mL 

 9 

a  9 mg/mL 11 g/mL g/mL  
 

 

 
 

 
36 9 11  

34 



 

 
36  

 
 

LD50 LC50 
 

  

 ICR
5 /

 
 

>2,000 mg/kg   11 

ICR
5 /

 
 

 2,993 mg/kg  
 2,190 mg/kg  

 

11 

5 /   
2,000 mg/kg   9 

 
3,400 mg/kg   

 SD
10 /

 
 

 >7,760 mg/kg
 

 9 11 

SD
5 /

 
 

 2,146 mg/kg  
 1,680 mg/kg  

 

11 

SD
  

2,200 mg/kg   9 

SD
  

1,250 mg/kg   9 

SD
5 /

 
 

>8.3 mg/L 

 

9 

 
 

30   
SD 15 / 30 0 1,500

3,000 6,000 mg/kg /  
5 29 6,000 mg/kg /

6  
3,000 mg/kg /

 
6,000 mg/kg /  

6,000 mg/kg / RBC Ht Hb
 

35 



 

6,000 mg/kg / Glu  
6,000 mg/kg /

 

9  
NOAEL

 
 

90  
SD 20 / 90 0 30

100 300 1,000 3,000 mg/kg /  
9 91 4 2  

300 mg/kg / 30 100 mg/kg /
3,000 mg/kg /

 
3,000 mg/kg / Glu

 
1,000 mg/kg / 100 mg/kg

/ pH  
3,000 mg/kg / 1,000 mg/kg

/ 3,000 mg/kg /  
1,000 mg/kg / 300 mg/kg /

3,000 mg/kg /

5 6 9 10 11  
100 mg/kg /

NOAEL 30 mg/kg / 3  
 

51  
4 / 51 0 300

1,000 3,000 mg/kg / 1 2  

1,000 mg/kg / 2 3,000 mg/kg /
2

3 JECFA 9 NOEL 100 mg/kg / 100 
mg/kg / EMEA NOAEL 30 mg/kg /

 

36 

                                            



 

 

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

6 9  

NOAEL  
 

91 4  
5 / 91 0 10

30 100 300 mg/kg /  
[II 5 (3)] 51

300 mg/kg /
Ig

100 mg/kg
/

 
300 mg/kg /

9 10  
NOAEL 30 mg/kg /  

 
14 5  

SD 10 / 14 0 100 200
400 mg/kg /  

400 mg/kg /
9 10  

 
21 6  

SD 6 / 21 0 30 150
700 mg/kg /  

700 mg/kg /

 
150 mg/kg /  

700 mg/kg / ALT

4 10 3  
5  
6  

37 

                                            



 

11  
 

12 7  
2 / 12 0 100 200 400 

mg/kg /  
200 mg/kg / 1

12
 

400 mg/kg / 1
9  

 
  

 
 

 
 

SD 30 / 0 100 300
1,000 mg/kg /  

F0 21 17 4 F1 33 18
15 49

1,000 mg/kg / F0

F0 F0 300 mg/kg
/ F0

300 mg/kg / F1 1,000 mg/kg /
F0 F1

300 mg/kg / F1

300 mg/kg /  

F1

300 mg/kg /
Epithelial ballooning, degeneration, focal

secretory product  
 

4 12  
NOAEL

7  

38 

                                            



 

NOAEL 1,000 mg/kg /  
 

 

 
CD-1 7 / 6 15 1,000

2,000 4,000 8,000 mg/kg / 18
4,000 mg/kg

/ 8,000 mg/kg /
9  

NOAEL 2,000 mg/kg /
NOAEL 4,000 mg/kg /

 
 

 
CD-1 30 / 6 15 1,000

2,000 4,000 mg/kg / [II 7 (2)]
 

2,000 mg/kg /
 

6 9 10  
NOAEL 1,000 mg/kg /

NOAEL 4,000 mg/kg /
 

 
 

SD 8 10 24 / 6 15
0 800 1,600 3,200 mg/kg /

20

 

3,200 mg/kg / 2

 

39 



 

6 9 10 11  

NOAEL 3,200 mg/kg /
 

 
8  

JW 6 15 / 9 0 3 15
75 mg/kg / 6 18 28  

75 mg/kg / 1 1
15 mg/kg / 75 mg/kg /

 
 

11  
 

 
37 4 11 12  

 
37  

 
 

 
 

 
 

 
mg/kg  

 
 

 

   
30 100 300
1,000 3,000 

3,000  
300

 
   300  

   100 300 
300 30

 

 

 

  
 30 100 300 100  
 300 1,000  

  
 30 100 300  
 300 1,000  

  
 100 300 

 
 

 100 300  

 
 

  
5×10-5 1.5×10-4

5×10-4 1.5×10-3  

8  
9 11 8 / 1 15  

40 

                                            



 

 

 

 
g/mL  1.5×10-4

 

 
1.5×10-3  

 
1.5×10-3  

 
5×10-4  

 
 

 

 
  

5×10-5 1.5×10-4

5×10-4 1.5×10-3

g/mL  

 

 

  

 
 

 
1.5×10-3  

   
30 100 300
1,000 3,000 

3,000  

   100 300  

  
 300 1,000 

300  
1,000  

 100 300 300  

 

   300 1,000 

1,000 3 1

 

 

 

 

  
30 100 300
1,000 

1,000  
 100  

Na K
Cl  

100
 

 30 * 

 
 

 
 

30 100 300 

300

 
   

41 



 

*
 

 
  

MIC50

38 9  
 

38 MIC50 g/mL  
 

 
 DFC DCD 

a      
 (12 or16) 2 16 16 64 16 128 

 (15) 0.25 ND 8 ND 32 ND 
 (5) 0.016 1 1 8 2 2 
 (13) 1 ND 128 ND 64 ND 
/ 

(10 or15) 
0.25 0.5 4 16 16 32 

 (5 and 2) 128 ND 32 ND 8 32 ND 
 (7) 0.5 0.5 2 1 2 2 
 (5) 0.06 ND 2 ND ND ND 

 (2 or 1) 0.5 1 0.5 16 2 8 4 128 4 ND 4 ND 
ND  

  a 106-7 104-5  
 

58
MIC 106-7 104-5

DFC DFD DCD

MIC50 0.016 0.03
0.03 g/mL MIC50 DCD

2 g/mL 9 10  
 

 
 

-
G BPG

PCA  
KLH

BPG - bovine gamma globulin BGG

42 



 

BPG
BGG BPG BGG BGG BGG CEF

HEA HEA CEF
FSM

 
BPG BPG BGG

PCA
PCA  

HEA CEF
10 mg/kg PCA

FSM
PCA FSM 0.076 g/kg

PCA FSM
CEF HEA
1,000

830 g/kg  

PCA

PCA
9  

 
17

IgE

5 6  
 

  

 

40 mg/kg / 1

1/4,000 10 9  
 
 
 

10 JECFA ADI  

43 

                                            



 

 
 

JECFA  
JECFA ADI 91 NOEL 

30 mg/kg / 500 100
5 ADI 0.06 mg/kg /  

 
ADI 58

DCD MIC50 2 g/mL
JECFA ADI  

 

ADI mg/kg /  2 g/mL 150 g *1 
 0.05 mg/kg /  0.1*2 1*3 60 kg *4 

 
*1 1 g  
*2 90%

0.1  
*3  
*4 kg  

 
ADI 0.05 mg/kg / ADI 0.06 mg/kg /

ADI ADI
9  

 
FDA  

FDA ADI 11 90
NOEL 30 mg/kg /

10 1,000 ADI 0.03 mg/kg
/ 37  

 
EMEA  

EMEA ADI 12 90
NOEL 30 mg/kg / 100 ADI 0.3 

mg/kg /  
 

ADI CVMP  
 
 

11 JECFA 91  
12 JECFA 91  

44 

                                            



 

ADI g/kg /  

2.0  2*1 
g/mL  150*3 g  

 0.02 mg/kg /  1*2 

0.05*4  10*5 60 kg  

 
 

*1 2 pH  
*2 MIC50 1  
*3 1 150 g  
*4 95%

0.05  
*5 10  

 
ADI 0.02 mg/kg / ADI 0.3 mg/kg /

ADI ADI
5  

 
 
 

 
 

 
30 90 51

91 100 mg/kg
/ 90

pH 91
 

NOAEL 90
91 30 mg/kg /  

 
 

 

 
 

45 



 

 

NOAEL NOAEL
1,000 mg/kg / NOAEL 1,000 mg/kg

/ 2 NOAEL

NOAEL 1,000 mg/kg / NOAEL
4,000 mg/kg / NOAEL

NOAEL 3,200 mg/kg /  
 

 
 

-

PCA

 
IgE

 
 

 
ADI  

ADI
 

NOAEL 90
91 30 mg/kg /  

NOAEL LOAEL 90
91 NOAEL 30 mg/kg /

ADI NOAEL 500 10
10 5 0.06 
mg/kg /  

 
ADI  

MIC ADI

46 



 

 
MIC50 DCD 2 g/mL

 
VICH MICcalc MIC

JECFA ADI
 

 
ADI 

mg/kg /   2 g/mL 150 g *1 
 0.05 mg/kg /  0.1*2 1*3 60 kg *4 

 
*1 1  
*2 90%

0.1 38  
*3  
*4 kg  

 
 

ADI ADI ADI
0.05 mg/kg /  

ADI
 

 
  0.05 mg/kg /  

 

47 



 

39 JECFA EMEA  

  
 

mg/kg /  
mg/kg /  

JECFA EMEA 
  1,000 2,000

4,000 8,000 
 

2,000 
4,000

 
8,000  

 

 

 1,000 2,000
4,000 

 

1,000 
2,000

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

14
 

0 100 200 400 
 

200 
400  
400

 

 

30
 

0 1,500 3,000
6,000 

 

 
1,,500

 

 

90
 

0 30 100 300
1,000 3,000 

 

100 
300  

30 
100

 

 
0 100 300
1,000 

 

1,000 
 

1,000 
 

 0 800 1,600
3,200 

 

3,200 
 

 

3,200 
 

 
 

 
 
 
 
 

51
 

 

0 300 1,000
3,000 

 

 
300

 

 
300

 
91

 
0 10 30 100 300 

 
30 
100  
 

30 
300

 
 

 
12

 
0 100 200 400 

 
 

100  
 

ADI 0.06 mg/kg /  0.3 mg/kg /  

48 



 

ADI  NOEL 30 mg/kg /  
SF 500 

91
 

NOEL 30 mg/kg /  
SF 100 

90
 

ADI  0.05 mg/kg /  0.02 mg/kg /  
ADI  MIC50 2 g/mL 

MIC50 
JECFA  

MIC50 2 g/mL 

MIC50 
CVMP  

ADI 0.05 mg/kg /  0.02 mg/kg /  
 
  

49 



 

1  
  

CSCT  
DCA  
DCD  
DCS  
DCT  
DFC  
DFD 3, 3’-  

 
  

50 



 

2  
  

ADI  
ALT  

= GPT  
AUC  

CVMP  
Cmax  

EMEA  
FDA  
Glu  
Hb  

HPLC -MS/MS   
Ht  
Ig  

JECFA FAO/WHO  
LC50  
LD50  

LOAEL  
LSC  
MIC  
MRL  
MRT  

NOAEL  
NOEL  

PCA  
Passive cutaneous anaphylaxis  

RBC  
T1/2  
TCA  
Tmax  

VICH  
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1.  34 370

17 11 29 17 499  
2.  34 370 

19 12 12 19 411  
3.  Merck Index, 2006 
4. C  S 

 
5.  EMEA: Committee for Veterinary Medicinal Products, “CEFTIOFUR”, Summary 

Report (1), 1999 
6.  EMEA: Committee for Veterinary Medicinal Products, “CEFTIOFUR”, Summary 
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