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2005  11  29  1  
2006  10  16  

1016002  
2006  10  19  164  
2008  6  25  95  
2013  9  10  76  
2013  12  2  496  
2013  12  3  2014 1 1   
2014  1  10   
2014  1  20  500  

    
 
 

 
2006 12 20  2009 6 30  2011 1 6  

          
      *     *  
         
         
         
     **    
         
 * 2007 2 1  

** 2007 4 1  
* 2009 7 9  

 
2012 6 30  2012 7 1  

       
   *     *  
      *  
     *  
      
      
      
* 2011 1 13  * 2012 7 2  
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2007 2 11  2007 9 30  2008 3 31  

         
         
                     
                  
                   
                   
                   
                 
                 
         
 

2009 9 30  
   
   
       
      
     
       
     
     
      
   
 

 
2011 9 30  2013 9 30  2013 10 1  

       *  
       *  
                   
                  
                   
                  
                   
                
               
             
  * 2013 10 10  
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CAS No. 70458-96-7
 

 

DNA

ADI
 

NOAEL LOAEL
81 / LOAEL 18 mg/kg /

ADI 1,000 10 10
LOAEL

10 0.018 mg/kg /
 

ADI VICH 0.014 mg/kg /  
ADI ADI ADI

0.014 mg/kg /
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Norfloxacin 
 

 
  IUPAC  

1-ethyl-6-fluoro-4-oxo-7-piperazin-1-ylquinoline-3-carboxylic acid 
 

CAS(No.70458-96-7) 
1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3- 

      quinolinecarboxylic acid 
 

 
C16H18FN3O3 

 
 

319.33 
 

 
 

NN

HN

O

F COOH

CH3

          2  
 

 

DNA
DNA
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3  

 
1

1  
 

 

 
1 2  

 
  

 
ddY 5 / Wistar 5 6 /

5 / 3 /
50 mg/kg 30 mg/kg

 
30 1

Cmax Cmax 0.5 0.9 0.6 
g/mL 4.9 g/mL

18 50 mg/kg 1
3 g/mL 2 3  

1 2

1.7 10.0 1.4 4.6  
6 24 20 g/mL

48 72 23 g/mL 24
5.1 6.1 3.5%

13.6%  
3 31.0 g/mL 24

2.43% 4  
 
 

1 17  499 1  
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 1 g/g g/mL  

 
 

  
hr  hr  

0.5 1 2 4 6 0.5 1 2 4 6 
 0.2±0.0 0.2±0.0 0.1±0.0 ND ND 2.0±0.4 1.4±0.5 0.8±0.3 0.3±0.0 0.3±0.1 

 0.4±0.1 0.5±0.0 0.2±0.1 0.2±0.0 0.2±0.0 2.8±0.7 1.6±0.2 1.2±0.2 0.5±0.1 0.5±0.2 

 1.0±0.1 0.7±0.1 0.5±0.0 0.5±0.0 0.5±0.0 1.7±0.6 0.7±0.2 0.4±0.1 0.3±0.1 0.2±0.1 

 0.5±0.0 0.3±0.0 0.2±0.0 0.1±0.0 0.1±0.0 1.0±0.1 0.5±0.0 0.4±0.1 0.2±0.0 0.2±0.1 

n=5 
ND  

 
 2 g/g g/mL  

 
 

 

n=6  n=5  
hr  hr  

0.5 1 2 4 6 0.5 1 2 4 6 
 0.7±0.2 0.9±0.2 0.5±0.8 0.2±0.0 ND 4.1±0.6 2.9±1.3 2.1±0.2 1.0±0.4 0.3±0.1 

 7.4±1.4 6.8±1.2 4.4±0.6 1.9±0.1 1.0±0.1 10.5±1.0 8.3±0.6 4.7±0.3 1.7±0.3 1.6±0.5 

 4.1±0.9 3.7±0.6 2.5±0.5 1.2±0.2 0.7±0.1 13.6±1.1 8.5±0.7 5.5±0.7 1.6±0.2 1.1±0.3 

 0.9±0.1 0.8±0.1 0.5±0.1 0.2±0.0 0.1±0.0 3.0±0.5 2.3±0.4 1.6±0.7 0.8±0.2 0.8±0.3 

 
ND  

 
 

ICR 8 Wistar 7 18
6 14C

2 14C
5  

 
  

5 / 3 / 1 / 3 / 14C
50 mg/kg 25 mg/kg

 
3  

 
 

2 1 ethyl 1 .6.  
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 3  14C  
 

  
 

 
mg/kg  

Tmax 
hr  

Cmax 
g/mL  

T1/2 
hr  

 5 50 0.5 0.87 4.4 
 3 50 0.5 1.41 3.0 

 1 25 1 3 2.3 
 3 25 1 1.61 2.9 

 
  

3 / 14C

 
 

  
3 4 / 14C 50 mg/kg

 
4 0.25

10.0 g/mL  
 

 4 g/g g/mL  

 hr  
0.25 0.5 1 2 3 6 24 

 2.4±0.1 1.8±0.1 1.6±0.3 0.5±0.0 0.4±0.0 0.4±0.0 0.1±0.0 
 44.8±30.6 15.1±11.7 23.3±11.4 10.3±1.8 8.7±3.0 5.4±3.0 5.3±3.5 

 0.9±0.1 1.3±0.3 2.1±0.2 1.9±0.4 0.5±0.4 1.1±0.4 0.1±0.1 

 3.8±1.1 1.5±0.1 2.2±0.2 2.2±0.7 0.2±0.1 0.3±0.1 ND 
 1.8±0.1 1.7±0.2 1.3±0.2 0.4±0.0 0.1±0.1 0.2±0.1 ND 

 2.3±0.3 1.9±0.3 2.1±0.8 0.4±0.0 0.3±0.0 0.7±0.3 ND 
 19.9±1.0 11.1±2.7 6.5±2.0 1.5±0.2 1.0±0.2 1.1±0.3 0.3±0.2 

 7.3±0.9 2.5±0.4 3.2±0.7 0.9±0.1 0.3±0.0 0.8±0.4 ND 
 3.1±0.5 3.2±1.5 2.2±0.5 0.5±0.0 0.3±0.0 0.4±0.1 0.1±0.0 

 3.9±0.7 0.7±0.4 1.7±0.5 ND ND ND ND 
 16.2±1.6 11.4±1.4 12.5±6.7 3.7±2.3 1.0±0.1 1.4±0.6 0.3±0.1 

 11.4±3.2 3.4±1.4 3.3±0.7 0.9±0.1 0.4±0.1 0.9±0.5 ND 
ND  
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3 / 4 5 / 1 / 3 / 14C

50 mg/kg
25 mg/kg 5 mg/kg 5 mg/kg

96  
5  

 
 5  14C 96  

%  

   
 

 
mg/kg  

%  
  

  3 50 6.1 91.4 

  5 50 8.4 85.4 
 4 5 67.3 34.5 

  1 25 16.6 73.8 
 1 5 54.7 44.1 

  3 25 17.0 72.4 
 
  

18 3 / 14C 50 mg/kg
30

 
3/4

1/10 0.01%
 

 
6 3 / 14C 50 mg/kg

 
3 6 0.79 0.68 g/g

0.6 0.4% 24 0.18 g/g
0.08% 24

 
 

 3  
4 5 / 14C 3 50 mg/kg

/  
0.66 g/mL

24

10 



 

3 0.66%
 

 
14C 1 4.1%

93.9% 96 98.6%
 

 
  

14C 5 mg/kg 0.5 6
24  

0.5

 
6

 
24  

 
 

 
14C 50 mg/kg 25 

mg/kg 24
8 TLC HPLC MS

14C
 

83 83 89%  

3- A B N- C
N- D E

F
G

 

A 12.4 9.7%  

3  

11 

                                            



 

F 3.5% 6  
 

 
  

(LWD) 1.5 4 /
6 10 mg/kg

0.5 1 2 4 6 8 12 24 HPLC
 

1 2
Cmax 0.90 1.65 g/mL 24

0.02 g/mL 0.04 g/mL One-compartment
6 8  

 
 6 4  

a Tmax hr  Cmax g/mL  T1/2 hr  AUC g hr/mL  
1 1.28 1.55 3.94 10.42 
2 1.54 1.03 2.98 6.37 
3 2.23 0.88 2.43 5.69 
4 1.60 0.99 4.37 7.77 

a 1 200M 
2  
3  
4  

 
  

(LWD) 2 4 /
10 mg/kg 1 2 4

HPLC  
7

1

4
9  
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 7 
g/g g/mL  

 hr  
1  2 4 

 1.17±0.40 0.79±0.22 0.65±0.09 
 6.59±3.20 2.90±0.54 2.65±1.03 
 6.95±2.61 4.61±0.73 4.76±1.18 
 28.39±15.17 3.94±1.25 1.73±1.15 
 0.96±0.90 0.71±0.27 1.31±0.45 
 0.26±0.16 0.13±0.04 0.17±0.08 

 202.69±44.48 47.40±18.26 11.70±5.46 
 9.78±9.63 4.40±1.89 5.53±1.25 

 261.28±169.07 344.44±147.58 452.63±102.77 
0.02 g/g g/mL 

 
 

8 A B
A

B A  
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 8 
g/g g/mL  

 hr  
 

A B C D E G 

 
1 0.07 0.05  ~ 0.02 ~ 0.02  
2 0.05 ~ 0.05     
4 0.04 ~ 0.05   ~ 0.02  

 
1 0.06 0.04 ~ 0.03 ~ 0.05 ~ 0.02  
2 0.04 ~ 0.03     
4 0.07 ~ 0.03  ~ 0.02 ~ 0.03  

 
1 ~ 0.06   ~ 0.06   
2       
4       

 
1 0.19 0.26 ~ 0.03 0.11 0.03 ~ 0.02 
2 0.08 0.07  0.05   
4 0.23 ~ 0.30  ~ 0.07 ~ 0.08  

 
1 0.72 0.34 ~ 0.03 0.06 0.07  
2 0.24 0.17 ~ 0.03 0.05 0.08  
4 0.41 0.26 ~ 0.05 0.06 0.08  

 
1 4.76 1.77 0.26 0.84 0.35  
2 5.89 2.40 0.30 0.92 0.47  
4 6.27 3.25 0.35 1.00 0.66 ~ 0.04 

A 3- B C N- D N-
E G  

0.02 g/g g/mL   
 
  

(LWD) 3 3
10 mg/kg 0 24 24 48  48 72

HPLC 10  

 
a  

24 48 48 72 0 24
145.19 22.81 0.47 g/g

 
0 72

97.5% D 1.1% B 0.6% A C
0.3% G 0.2% E 0.0%
0 72 87.7% 24 48 12.0% 48 72

14 



 

0.3% 0 24  

28.3% 28.3% 72
 

 
b  

0 24 24 48 48 72
144.58 58.72 1.78 g/g  

0 72
98.1% A 1.0% B 0.5% D 0.3%

G 0.1% C E 0.0% 0
72 65.0% 0 24 33.9% 24 48

1.1% 48 72  

37.5% 37.5% 72
 

 
 

  
3 8 /

20 mg/kg 0.5 1 2 4 6 8
12 24 HPLC  

1 Cmax 1.05 g/mL 24
0.02 g/mL One-compartment

Tmax 1.51 Cmax 1.10 g/mL AUC0~24 5.36 g hr/mL
T1/2 2.08 11  

 
  

6 20 /
20 mg/kg 1 2 4

HPLC 5
1  

9
1 2 4

2 4
1

2
4 12  

 
 

15 



 

 9 
g/g g/mL  

 hr  
1 2 4 

 1.21±0.21 0.99±0.05 0.51±0.11 
 12.40±4.15 20.38±1.22 14.79±1.47 
 4.74±2.29 5.29±0.91 3.50±0.61 

 1.06±0.56 4.85±2.28 2.44±1.55 
 3.42±2.71 11.97±3.74 11.51±1.32 
 0.44±0.29 0.85±0.19 0.96±0.09 
 0.14±0.03 0.22±0.08 0.24±0.12 

 49.15±13.88 100.65±21.41 96.95±23.43 
 471.80±81.63 959.10±184.10 1171.30±142.42 

n=4   0.02 g/g g/mL 
 

 
10 A B

A
B A  
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 10  
g/g g/mL  

 hr  
 

A B C D E G 

 
1       
2 0.06 0.06 ~ 0.03 ~ 0.04   
4 ~ 0.04 ~ 0.06 ~ 0.02 ~ 0.03   

 
1       
2 ~ 0.03 ~ 0.02     
4  ~ 0.03     

 
1       
2 ~ 0.02   ~ 0.02   
4 ~ 0.03   ~ 0.02   

 
1 0.13 ~ 0.06 0.04 0.09 ~ 0.02  
2 0.16 0.15 0.06 0.14 0.07 0.02 
4 0.48 0.28 0.10 0.26 0.06 0.06 

 
1 1.65 2.17 0.37 0.79 0.45 0.12 
2 5.70 6.68 1.25 2.94 0.61 0.36 
4 5.79 9.22 1.64 4.01 0.71 0.75 

A 3- B C N- D N-
E G  

n=4   0.02 g/g g/mL  
 
  

3 8 /
20 mg/kg 0 24 24 48  48 72

HPLC 2
1  

0 24
48 72 A G 4/4

E 2 2/4 C 1 1/4 0.02 g/g
 

0 72
96.7% D 1.3% B 0.9% A 0.5%

C E 0.3% G 0.1% 0 72
92.0% 0 24  

44.3% 44.3%
11  
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3 4 12
14C 1 1 14 30 mg/kg /

50 mg/kg / 1 5 14 0.3% 50 L/
20 

mg/5mL/kg
 

24 433 g 
eq/g 1 276 g eq/g 6 89.6 g eq/g

24 90.3 g 
eq/g  

24
6.74 2.03 g eq/g  
1 7 13

4 6 g eq/mL 1 17 g eq/mL
13 24

1 g eq/mL  

 

13  
 

 
1 1 1 40

40 mg/kg / 0.3% 1 3 1
1 24 HPLC  

54.3 g/g
343.6 g/g 47.8 

262.6 g/g
3 g/g 0.3 g/mL 0.6 g/mL  

14  
 

 
 

2 2 1 / / 1 /
5 10( )

18 



 

20(2 ) mg/kg /
4 1 3 5 7

A HPLC  
A 11 12

 
4

3 0.02 g/g g/mL  
A 4 2

1
0.02 g/g g/mL 15  

 
 11  5  

g/g g/mL   

  
 

4  1 3 5 

 

 0.19±0.01    

 0.56±0.06 0.03±0.02   

 0.10±0.02    

 0.95±0.05 0.10±0.03   

 1.05±0.04 0.12±0.04   

 1.13±0.53 0.05±0.02   

2

 

 0.42±0.06 0.03±0.01   

 1.26±0.08 0.14±0.05   

 0.20±0.03    

 2.13±0.21 0.21±0.04   

 2.10±0.30 0.24±0.06   

 2.21±0.82 0.09±0.03   

0.02 g/g g/mL            n=3 
 

 
 
 
 
 
 
 
 

19 



 

 12  5  

A g/g g/mL  

  
 

4  1 3 

 

    

    

    

 0.07±0.01   

 0.06±0.01   

    

2

 

    

    

    

 0.08±0.02   

 0.11±0.07   

 0.07±0.02   

0.02 g/g g/mL         n=3 
 

 

 
(LWD) 2 1 2 / / 1 /

5 10( )
20(2 ) mg/kg /

4 1 3 5 7 A
HPLC  

A 13 14
 

4
3 2 5

0.02 g/g g/mL  
A 4 2

1
0.02 g/g g/mL 16  
 
 
 
 
 

20 



 

 13  5
g/g g/mL  

  
 

4  1 3 5 

 

 0.21±0.06    

 0.63±0.15 0.12±0.01   

 0.10±0.02    

 1.08±0.32 0.10±0.04   

 1.21±0.10 0.09±0.02   

 1.67±0.78 0.05±0.02   

2

 

 0.54±0.09 0.04±0.02   

 1.59±0.10 0.26±0.02   

 0.23±0.04    

 2.76±0.40 0.28±0.01   

 2.92±0.21 0.26±0.05 0.10  

 2.97±2.48 0.15±0.07   

0.02 g/g g/mL            n=3 
 

 
 14  5  

A g/g g/mL  

  
 

4  1 3 

 

    

    

    

 0.04±0.01   

 0.05±0.01   

    

2

 

    

    

    

 0.04±0.01   

 0.05±0.00   

 0.03   

0.02 g/g g/mL            n=3 
 

 

21 



 

 
( ) 6 3 / / 3

20( ) 40(2 ) mg/kg /
4 1 3 5

7 A HPLC
1 2 1  

A 15 16
 

4
3 2 5

0.02 g/g g/mL  
A 4

0.02 g/g g/mL 2 4
1

0.02 g/g g/mL 17  
 

 15  3  

g/g g/mL  

  
 

4  1 3 5 

 

 0.09±0.02    

 0.20±0.02    

 0.49±0.10    

 0.08±0.07    

 8.80±1.29 0.81±0.23   

 1.60±0.49 0.07±0.06   

 4.81±1.20 0.24±0.17   

2

 

 0.21±0.05    

 0.28±0.03    
 0.84±0.11 0.08±0.01   

 0.14±0.04    

 13.67±0.67 2.00±0.44 0.07  

 2.51±0.20 0.23±0.03   

 10.24±2.20 0.55±0.27   

0.02 g/g g/mL            n=3 
 

 

22 



 

 16  3  

A g/g g/mL  

  
 

4  1 3 

 

    

    

    

    

    

    

    

2

 

    

    

    

    

 0.06 0.07   

    

 0.06±0.03   

0.02 g/g g/mL            n=3 
 

 
 

( ) 45 3 / / 3
20( ) 40(2 )mg/kg /

4 1 3 5 7
A HPLC

1 2 1  
A 17 18

 
4

3 2 5
0.02 g/g g/mL  
A 4 2

1 0.02 g/g
g/mL 18  

 

23 



 

 17  3  

g/g g/mL  

  
 

4  1 3 5 

 

 0.13±0.04    

 0.11±0.01    

 0.56±0.14    

 0.03    

 6.60±1.07 0.28±0.08   

 1.36±0.45 0.06±0.04   

 3.65±2.77    

2

 

 0.33±0.09    

 0.19±0.03    
 1.09±0.08    

 0.06±0.03    

 14.15±1.31 0.50±0.17 0.05  

 3.26±1.17 0.10±0.02   

 9.77±3.86 0.07±0.03   

0.02 g/g g/mL            n=3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

24 



 

 18  3  

A g/g g/mL  

  
 

4  1 3 

 

    

    

    

    

 0.04   

    

    

2

 

    

    

    

    

 0.05±0.01   

 0.03 0.04   

 0.04±0.02   

0.02 g/g g/mL            n=3 
 

 
 

 
19

20 19 20 21 22  
 

 19  

     

 TA98 TA100 TA1535
TA1537 TA1538

WP2uvr A  

0 0.001 0.01 0.05
0.1 g/plate 
±S9  

 

 TA98 TA100 
0.001 0.005 0.01 0.05 
g/plate 
±S9  

 

DNA  
H-17(Rec+) 
M-45(Rec-) 

62.5 125 250 g/mL 1) 

25 



 

 
CHL  

50 100 200 g/mL 
±S9  

 

 
 0 2.5 12.5 25  

g/mL 
 

Don  
0 5 10 25 50  
g/mL 

 

1) 62.5 125 250 g/mL H-17(Rec+)
M-45(Rec-) 5 mm

500 1,000 g/mL 10 mm  
 

 20  
    

 SCL:CDF1 10
 

 

300 800 mg/kg  
 

 

 
10  

250 500 mg/kg  
 

 

Wistar 6  1,000 mg/kg /  
38  

 

  500 1,000 mg/kg 
 

 

 
 

8

pH13
 

WTK-1 p53 8 62.5
1,000 g/mL 2 4 20  

4 20
DNA

6 DNA  
20

pH10 pH12.1  pH13 DNA pH12.1
pH13 DNA pH10

 
WTK-1 4

15.63 125 g/mL 20

26 



 

3  
DNA

DNA
23  

 
DNA

WTK-1 DNA
WTK-1

DNA
DNA 24  

DNA

 
 

 
 

ddY 10 / Wistar 10 /

10 7
 

LD50 21  
 

 21 LD50 mg/kg  
    

 

  >4,000 >4,000 
  >1,500 >1,500 

 470 480 
 220 237 

 

  >4,000 >4,000 
  >1,500 >1,500 

 >500 >500 
 270 245 

 

30 60

27 



 

25  
 

 
ddY 10 / Wistar 10 /

A B C
D E G

A D E 2,000 mg/kg B
C G 4,000 mg/kg 7

 
 

LD50 22 26  
 

 22 LD50 mg/kg   
    

 
( ) 

A >2,000 >2,000 
B >4,000 >4,000 
C >4,000 >4,000 
D >2,000 >2,000 
E >2,000 >2,000 
G >4,000 >4,000 

 
 

A >2,000 >2,000 
B >4,000 >4,000 
C >4,000 >4,000 
D >2,000 >2,000 
E >2,000 >2,000 
G >4,000 >4,000 

 
 

1  
Wistar 6 10 / 1

0 250 500 1,000 mg/kg /
 

 
250 mg/kg / K

 
1,000 mg/kg / 3

28 



 

 

25  

NOAEL 1,000 mg/kg /  
 

6  
Wistar 7 10 / 6

0 125 250 500 mg/kg /
 

 

250 mg/kg /
 

 

 
500 mg/kg / K+

 
 

 

27  
NOAEL

500 mg/kg /  
 

7 99  
3 5 2 3 /

7 0 30 60 100 250 500 mg/kg
/ 99 4 200 mg/kg /

 
2

500 mg/kg /
250 mg/kg / 100 

mg/kg /
30 60 mg/kg / 99

4  

29 

                                            



 

6 8
 

100 mg/kg /

99
200 mg/kg / 30 60 

mg/kg /  
100 mg/kg /
100 250 mg/kg / blister

500 mg/kg /
ruptured blister 99 200 mg/kg /

erosion

100 mg/kg
/ 250 mg/kg /

500 mg/kg /
99 200 mg/kg / 7 250 
mg/kg /  

1 2
3

4
5

28  
NOAEL 60 mg/kg /  

 
 

81 / 5  
Fischer344 5 50 / 81

0 500 2,000 ppm /
3 12 14  

 

5 Fischer 344 675 725 100
60.8 53.8% 19 3
98 100  

30 

                                            



 

500 ppm 23 35 18 30 mg/kg / 2,000 ppm
90 140 70 120 mg/kg /  

 
A/G TG

2,000 ppm Glu  
 

7 29%
2 22% 11 23% 5 19% 86

89% 7 17%  

2,000 ppm

29  

NOAEL LOAEL 500 ppm 18 30 mg/kg /   

 
 

13  
6 4 / 13

0 25 50 100(200) mg/kg / 6 /
10 100 mg/kg

/ 3 200 mg/kg /  
 

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

 
 

BSP
 

50 mg/kg / 1
100(200) mg/kg / 1

30  

NOAEL 100(200) mg/kg /  
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Fischer344 7 4 0 750
1,500 3,000 mg/kg / 14 15
0.015% 2- 10 19

0.8 mL/kg 34 GST-P
 S-  

 
1,500 mg/kg / GST-P

3 GST-P
31  

 
   

 

2/3 Fischer344 7
3 0 750 1,500 mg/kg /

2 51
 

17 34 51 5 mm
GST-P

 
GST-P

 

32  
 

 
3 52 30 40 mg/kg

/ 0.3% 1 1 3
 

33  
 

32 



 

 

 
 

 
ICR 6 12 20 /

0 125 250 500 mg/kg /
61

15 6 18
 

 

500 mg/kg /

 
500 mg/kg / 2

250 500 mg/kg / 1 500 mg/kg /
1 125

500 mg/kg / 1 2 500 mg/kg /
1

250 mg/kg / 5
500 mg/kg / 500 mg/kg

/
34  

500 mg/kg
/ NOAEL

500 mg/kg / 250 mg/kg /
 

  
 

ICR 31 / 6 15 0
125 250 500 mg/kg / 21

18 10
F1

F1 10 11
F1 2/3 14 1/3 F1

F2  
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125 mg/kg / 125
250 mg/kg /

125 mg/kg / 1
250 mg/kg / 1 500 mg/kg / 1

500 mg/kg / 1
250 mg/kg / 14 500 

mg/kg /
 

F1 250 mg/kg / 1

F2 500 mg/kg
/ F1 5

F1 F2

35  

NOAEL 500 mg/kg / 500 mg/kg
/ F1 NOAEL

250 mg/kg /   
 

 

ICR 21 / 15 21
0 125 250 500 mg/kg /

F1 13 F1

F1 3/4 14 1/4 F1

F2  
 

F1 F2 125 mg/kg
/ 2

F1 F2

F1 F2

36  

NOAEL 500 mg/kg
/  

34 



 

 
 

12 13 / 6 18
0 25 50 100 mg/kg /

29  
100 mg/kg /

100 mg/kg /
 

100 mg/kg /
100 mg/kg / 1

1
37  

100 mg/kg /

NOAEL 50 mg/kg /
 

 
 

1990 
DNA 

6 8 
1 

38 39  
8

300 mg/kg
 8 COR 8

40  

41 42  

 
 

 
MIC 

18

35 



 

5×106 CFU/spot
MIC 23 43  

 
 23 MIC50 

  µg/mL  
MIC50  

 
30 0.06 0.06~0.5 

 sp. 30 8 1~16 
 

sp. 30 128 64~>128 
 sp. 20 32 16~64 
 sp. 30 32 8~>128 

 sp. 20 64 4~>128 
 sp. 30 32 8~128 
 sp. /  sp. 30 16 8~128 

 sp.  20 4 2~8 
 sp. 30 32 8~>128 

sp. 30 8 4~8 
 

MIC50  sp.  4 
g/mL MICcalc6 3.775 g/mL 0.003775 mg/mL  
 

 
ddY 5 1 1 10 12.5

25 50 100 200 mg/kg / 1 2 10 100 200 mg/kg
/ 1 3 10 150 mg/kg /

 
 

1 1 50 mg/kg /
enterobacteriaceae 3 1 2 1 3

1 1 enterobacteriaceae
1 25 mg/kg / 2 3
enterobacteriaceae 11

11 20 12.5 mg/kg / 3
1  

lactobacilli bacteroidaceae streptococci staphylococci

6 MIC50 90 %  

36 

                                            



 

pseudomonas yeast
 

50 mg/kg / 20
10 species MIC species

 
1 1 100 mg/kg /

44  

 
 

 
Hartley 10 / 0.8%

1 1 7 2 4 mg/
8 0.4% 1

0.2 mg/ 24 2

45  
 

 
Hartley 10 / 50 mg/kg

FREUND’s complete 
adjuvant FCA 0 5 50 mg/kg

24
7 FCA 10

0.1%

45  
 

 24  
 

   
 3

7 10 14
17  

6
50 mg/kg /  

7  
 

10 mg 

FCA 7 3
 

5 50 mg/kg /  

10  
 

10 mg 

37 



 

 
 

6 / -
BGG HSA

1 mL FCA 2 mL
2 10 HSA

 
10

HSA
45  

 
 

 

25 3 46 47  
 

 25  

 
 

 
 

 
mg/kg

 
 

 

 
 

IRWIN  
30 100  
300 1,000
2,000 

30~300  
1,000 2,000

 
 
 

IRWIN  
30 100
300 1,000 

 

 

 
 
  

100 1,000  

 
 
 

 

100 1,000  

 

 
 

 100 1,000 
 

 
 

TTG-2

 
100 1,000  

 
 
 

ANIMEX
 

100 1,000  

   100 1,000  
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 100 1,000  

 
 
 

 
100 1,000  

 

 
 

 

100 300
1,000 

1,000  

 
 

 
 

10 20 
 

 

10 30 
 

 
 

 
 

3 10 
 

 
 
 

Pole climbing  100 1,000 
 

 

 

 
 
 
 

  

10-5~3×10-4 
g/mL 

10-5  
10-4

 
3×10-4

 

 
  

3×10-5~10-4 
g/mL 

3×10-5  
10-4

 

  
 

10-4~3×10-4 
g/mL 

10-4  
3×10-4
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1 3 10 

1 3
2~5%  

10
25 10%  

 
 

 
 

1 3 10  

 

 
 

 
 

1 10  

 
 

  
1 3 10 

 

 
 

 

 

1 3 10  

 
 
  

100 1,000  

 

 

 

 

 

LANGENDORFF
 

10 100
1,000 g 

10 100  
1,000 10%

7% 45%
 

 

 

  

100 300
1,000 g 

100  
1,000

 

 
 
 

 

100  
1,000 g 

 

40 



 

 
 

 
 

20  

 

 
 

  
3 10 30 

3 10
30 20 mmHg

 
 

30 15~18%  

 

 
 

5 mg/kg /
 

 
1 10 

1 42 
mmHg  10 58 
mmHg  

R

 
300 2,000 g

 

 

 
 

180 mg/ /
 

 

3 

1/8 30 mmHg 5/8
3~13 mmHg  

2/8 10~20 mmHg
 

2/3 10~20 
mmHg  1/3 10 
mmHg  

 

 

 
 
 

 
100 1,000  

 
 
 

TAKAGI and 
OKABE  

50 200  

41 



 

 
 

 
 
 

24
 

50 200 
50

  
200  

 
 
 

18

 
100 1,000  

 
 
 

18

 
100 1,000  

 
 
 

8

 

100 1,000  

 
 
 

24  

0.2%
24

 

100 1,000 

100  
1,000 30%  
Na K

45%  
 

 
  

3 5 /
A B C D E

G 3 mg/kg 5 mg/kg /  
A 25% 15

3 48  
 
  

SD 6 5 / A
B C D E G

3 mL/100 g 0.2 %
 

A 3 5 10 mg/kg
3 24 Na+ 5

10 mg/kg K+ 3 5 10 mg/kg
10 mg/kg

3 48  

42 



 

 
  

4 /
A B

3 mg/kg 5 mg/kg /  

3 49  
 

 

1 3 300 mg/
1 3 600 mg/ 61 3

 

80%
1,500 mg/kg 105 mg/kg

 

GABA GABAA

GABA
GABA

GABAA

50  
 

 
 

 

51  
  

free base 50%
0.06 g/mL MIC50 0.1 g/mL 50% 0.25 g/mL
MIC50 0.78 g/mL  
  

CHO-K1 HeLa
free base 1.56 3.13 6.25 12.5 25 50 100 g/mL

CHO 100 g/mL
20% HeLa 100 g/mL

10%  

43 



 

free base
CHO

10 g/mL 20% 100 g/mL 40%  
N-18 Neuroblastoma 18
0.001 0.01 0.1 1 10 100 g/mL

0.1 g/mL 10% 1 g/mL 30% 10 g/mL
60% 100 g/mL

1 10 g/mL
 

 
 

 
 

 
6

DNA CHL
Don

4
DNA

 
WTK-1 DNA

WTK-1
DNA

DNA  
DNA

 
 

 

LD50 4,000 mg/kg
LD50 2,000 mg/kg  

 
 

1 6
NOAEL

44 



 

1,000 500 mg/kg /  
7 99

60 mg/kg / NOAEL
 

 
 

81 /
13

LOAEL 18 mg/kg /

 

3 51

 
 

 

500 mg/kg / 250 mg/kg / NOAEL
50 mg/kg /

NOAEL  
 

 

8

 
 

ADI  

DNA

ADI

45 



 

 
NOAEL LOAEL 81

/ LOAEL 18 mg/kg /
ADI 1,000 10 10 LOAEL

10
0.018 mg/kg /  

 
 

18

VICH ADI  
MICcalc 0.003775 mg/mL 1 220 g

60 kg VICH  
 

ADI  0.003775 (mg/mL)a × 220b  0.014 mg/kg /  
1c× 60d 

a MIC50 90 %  
b (g) 
c  

3
4.1 %  

 1  0.041  0.959  1 
*d kg  

 
 ADI  

ADI 0.014 mg/kg / ADI 0.018 mg/kg /
ADI

 
 

  0.014 mg/kg /  
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1  
  

A 3- M-1  
B M-2  
C N- M-4(1)  
D N- M-4(2)  
E M-5  
F M-6  
G M-3  
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2  
  

ADI  
A/G  /  
AUC  

BSP   
CFU  

CHO   
Cmax  
Glu  

HPLC  
LD50  

LOAEL  
MIC  

MIC50 50%  
MS  

NOAEL  
T1/2  
TG  

TLC  
Tmax  

VICH  
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