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1  
1976  1  13   
2005  11  29  1  
2013  6  11  

0611 15
2 9  

2013  6  17  478  
2013  12  6  33  
2014  10  29  40  
2014  11  28  41  
2015  1  21  118  
2015  2  3  547  
2015  2  4  3 5   
2015  3  12  120  
2015  3  17   
2015  3  24  554  

   10  
2017  7  18  11  

 
2  

2019  8  27  754  
   12  

2020  7  14  13  
 

3  
2023  11  21  

1121 5
14 16  

2023  11  28  922  
2023  1  30  927  

   1 31  
 

 

2015 6 30  2021 6 30   
     
    
     

1024



 

  

    
   

   
    

 
2021 7 1   

  
    
    

    
  

  
   

 
 

2014 3 31    
   

   
*    ** 

**     
   

   
   

   
    

   
    

   
    

   
     

   
    

   
*    

*; 
**  

   

**    
 **  * 2013 9 30  

  ** 2013 10 1  
 

2016 3 31    
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MITC CAS No. 556-61-6
3

 

/
3 2

 
MITC

 
90

1 0.4 mg/kg /
100 0.004 mg/kg / ADI  
MITC

10 mg/kg
100 0.1 mg/kg

ARfD  
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methyl isothiocyanate ISO  
 

 
IUPAC 

 
methyl isothiocyanate 

 
CAS  (No. 556-61-6) 

 
isothiocyanatomethane  

 
 

C2H3NS 
 

 
73.11 

 
 

H C N C S

H

H  
 

MITC 1958 Schering AG

1976 MITC
D-D 2006
 

1028



 

 

 

. MITC
14C [met-14C]MITC

14C [iso-14C]MITC
35S [iso-35S]MITC

MITC mg/kg µg/g  
/ 1 2  

 
 

 

  

a.  

Wistar 4 5 [met-14C]MITC 20 mg/kg
24

.( ) 28
 

1 2  
 

  

Tmax (hr) 0.25 1 
Cmax (µg /g) 18.6 20.5 
T1/2 (hr) 8.05 8.2 
T1/2 ( ) 17.7 

 
b.  

.( ) a. 24
MITC 77.0%

2  
 

  

a.  

Wistar 3 5 [met-14C]MITC 20 mg/kg
 

2  

1029



 

 

28 2.8%TAR
2  

 
 µg/g  

 
  

3  (311) (33.3) (15.1) (14.6) (12.5) (12.5)
(9.59) (8.16) (6.74) (5.94) (1.44) 

1  (7.55) (6.61) (5.73) (4.99) (4.35) (4.14)
(3.92) (3.86) (3.80) (3.73) (3.52) (0.72) 

7  

(4.81) (1.81) (1.51) (1.48) (1.38)
(1.34) (1.31) (1.19) (1.14) (1.10) (1.07)

(1.06) (1.01) (1.01) 1(1.01) (0.85)
(0.67) (0.62) (0.62) (0.61) (0.59) (0.09) 

14  (5.63) (0.86) (0.62) (0.62) (0.61)
(0.59) (0.52) (0.51) (0.51) (0.48) (0.03) 

28  (3.91) (0.63) (0.45) (0.27) (0.25)
(0.25) (0.24) (<0.02) 

5 28 3  
 

b.  

.( ) a. 3
-

1.1%TRR 97%
MITC  

.( ) a 3 7 7

TCA  
3  

80%TRR
30%TRR 60%TRR

3 74%
2  

 
 

 

 

 
1  
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3  1  7  
µg/g %TRR µg/g %TRR µg/g %TRR 

 5.67 38.1 3.50 45.5 1.04 51.5 
 4.94 40.3 2.77 48.8 0.59 41.6 
 0.57 35.8 0.46 39.9 0.20 30.5 
 0.60 34.4 1.29 62.3 0.52 52.1 

 0.85 57.0 0.50 47.5 0.21 35.9 
 3.91 11.7 2.70# 31.0# 0.23 16.9 
 - - 0.15# 19.9# - - 

# 2 5  
-  

 

c.   

Wistar 9,000 g
[met-14C]MITC  
4 [met-14C]MITC

 
9,000 g [met-14C]MITC 54%

5.6 1.5
SH

native
native TCA

MITC
MITC -SH

-NH2 MITC
MITC

SH
MITC

2  
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 [met-14C]MITC  

 (µmol) (%) 
9,000 g   

0.268 
0.211 
0.211 

 
0.049 
0.157 
0.015 
0.051 

 
100 
79* 
79* 

 
18* 
59* 
6* 

19* 

  
1 mM  
1 mM  

 
native  

NADPH 
1 mM  
1 mM SKF525A 

  
0.187 
0.121 
0.123 

 
100 
65* 
65* 

  
native  

NADPH 
[met-14C]MITC  0.5 µmol NADPH  5 µmol 

9,000 g 240 mg  
1 mL 0.2M - pH 7.4 37 20 5% 
TCA  * P<0.01 

 
  

[ .( ) a.] [ .( ) a.]

[ .( ) b.]

 
5  

CO2 84%TRR  
TLC 5

74.2%TRR MITC -
M03

MITC M01 67.9%TRR
M03 2.0%TRR MITC

M02 4.2%TRR  
MITC M01

M02 M03
MITC 56%

MITC
 

CO2

1032



 

 

M01
2 4  

 
 %TAR  

  
 MITC  

 24  ND CO2( 5.2) ( 1.0  
7 1) - CO2(7.1) (1.4  

 
6  2.2# § M03(74.2) # (25.8) # 

7 2) - M03(56.0) (19.5) 
 6  ND M01(67.9) # (28.2) # M02(4.2) # M03(2.0) # 
 3  0.03§ M01+M02+M03(1.9) M04(1.1) 
3) 24  MITC+M01+M02+M03(1.2) M04(0.7) 

3) 
24  MITC+M01+M02+M03(10.1) M04(5.9) 
7  MITC+M01+M02+M03(4.0) M04(2.3) 

1) 24 7  
2) 6 7  
3)  
# %TRR §  -  ND  

 
  

a.  

Wistar 5 [met-14C]MITC 20 mg/kg
7 24

 
6  

7 75.5%TAR
2.44%TAR 1 24

6.18%TAR 2 4  
 

 %TAR  

 24  7  
 70.8 75.5 
 1.3 2.44 
 6.18 8.5# 

( ) 78.3 86.4 
#  

 
b.  

Wistar 5 [met-14C]MITC
20 mg/kg  

1033



 

 

24 10.6%TAR
0.5 1 2  

 
 

Wistar MITC 10 mg
MITC -

M03 5  
 

 

SD 5 [met-14C]MITC 10 mg/kg
 

7
81.0%TAR 24  

7 1.0 µg/g
0.8 µg/g 0.3

0.5 µg/g
0.1 0.3 µg/g  

24 MITC
M03 65%TRR 86%TRR 3
12

70%TRR M05
MITC

7 M05
MITC

MITC

5  
 

 

SD 5 [iso-14C]MITC 4.4 mg/kg
.( ) 33 mg/kg
.( )

SD 2 [iso-14C]MITC 45 
mg/kg  
 
  

7  

1034



 

 

0.5 Cmax 24
72

0.5 Cmax 24
7 8  

 
  

 4.4 mg/kg  33 mg/kg  
     

Tmax (hr) 0.5 0.5 0.5 0.5 
Cmax (µg /g) 1.53 1.60 10.6 11.4 

T1/2(hr) 73.6 83.7 72.0 70.5 
AUC(µg hr/mL) 16.7 24.2 124 155 

 
  

168 8
 

7 8  
 
 168 µg/g  

   

4.4 mg/kg
 

(0.248) (0.119)
(0.080) (0.079)
(0.062) (0.058) (0.038)

(0.037) (0.036) (0.034) 

(0.370) (0.137)
(0.107) (0.094)
(0.080) (<0.078) (0.077)

(0.068) (0.060)
(0.059) 

33 mg/kg
 

(1.58) (0.89)
(0.76) (0.67)
(0.55) (0.41) (0.38)
(0.30) (0.29) (0.25) 

(4.07) (1.57)
(1.04) (0.91)
(0.86) (0.81) (0.65)

(0.62) (0.51) (0.50) 
 

  

[ .( ) ]

TLC
 

24
M03 55.5%TAR 62.2%TAR M07

M02 6.4%TAR 9.3%TAR 4.1%TAR 4.8%TAR
1.7%TAR 4.7%TAR
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M02 6.4%TRR 21.2%TRR
31.6%TRR 67.0%TRR

M03 13.3%TRR 18.3%TRR
7 8  

 
  

9  
80%TAR 168

CO2

7 8  
 

 %TAR  

 4.4 mg/kg  33 mg/kg  
     

 84.4 86.4 87.1 85.6 
 2.74 1.45 1.93 1.83 

MITC 0.95 1.51 0.72 1.67 
CO2 16.1 14.9 7.32 7.23 

COS/ CS2 0.05 0.04 0.43 0.48 
 0.15 0.07 0.18 0.15 

 107 106 99.4 99.2 
168 72  

 
 

 

6 2 4 [met-14C]MITC 0.5 mg/kg
 

3 6
Cmax 72 178
T1/2  

7 CSF
7 16%TAR

25%TAR  
7 57%TAR 70%TAR

50%TAR 56%TAR
3%TAR 8%TAR 7.1%TAR

14CO2  

1036



 

 

4 5  
 

 

Compost soil 20% pH 6.8 4 L 25 
cm 4 [iso-35S]MITC 400 
mg 5 cm 5 [iso-35S]MITC 23

4 5 6
1 8 21 30 52

 
4 5 6

[iso-
35S]MITC 21

22 MITC
 

10  
8 189 µg

30
1% 1,680 µg

 
11  

30 52

MITC 0.15 
mg/kg  

[iso-35S]MITC 22
35.8%TAR 39.1%TAR

MITC
 

[iso-35S]MITC MITC

2  
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10 µg # 

 
([iso-35S]MITC

) 

8 
(31) 

21 
(44) 

30 
(53) 

52 
(75) 

 

 21.6 [6] 17.7 [5] 94.7 [23] 
193 [36]  2.9 [1.4] 11.1 [4] 24.8 [6] 

 9 [8] 5.5 [5] 7.9 [8] 17.8[49]## 
 33.5 34.3 128 211 

 

 50.3 [7] 99 [66]## 500 [50] 
491 [9]  8.5 [1] 21.8 [5] 92.5 [6] 

 17.3 [5] 14.5 [5] 25.2 [8] 
 76.1 135 618 491 

 

 - - 31 [61] 9 [17] 
 7.9 [10] 45.8 [18] 142 [13] 65 [14] 

 57.0 [7] 809 [66] 1,290 [32] 664[27] 
 83.5 [6] 84.9 [5] 175 [6] 283[8] 
 40.3 [6] 20.8 [5] 40.0 [9] 48.2[10] 
 189 961 1,680 1,070 

# [iso-35S]MITC 35S %  ##

 -  [  ] g 
4  5  6  

 
11 %TRR  

( ) 30 ([iso-35S]MITC 53 ) 52 ([iso-35S]MITC 75 ) 

 
  

 

 
 
 

 

 

 
 
 

 - - - 90 7 3 
 65 17 18 81 6 13 

 85 11 4 72 0 28 
 85 11 4 65 30 5 
 56 21 23 77 11 12 

-  
 

 

40% 2.2 10 kg  
[met-14C]MITC 1.07 g 107 mg/kg

0 5 L 2 kg
25 45

68
68

1038



 

 

 
4.0 mg/kg 55%

TLC
2.4 mg/kg

6M
83%TRR 95%TRR

 
/

32 68 75 mg/kg 136
50 mg/kg

MITC 1 2 mg/kg
2  

 
 

 

.( ) First 
in the field Crival Ravel RZ
10 mm 20 mL [met-
14C]MITC 19 22 48

 
12

 
TLC MITC

M01 M02 11.5%TRR 23.5%TRR
12.5%TRR MITC CO2

L-
36.1%TRR 47.6%TRR M01

MITC S-
M02

 

2.9%TRR 0.55 mg/kg 3.0%TRR 0.40 mg/kg
MITC

MITC
 

1039



 

 

12  

   
mg/kg %TRR mg/kg %TRR 

 

 16.1 84.9 11.2 83.6 
MITC 0.15 0.8 0.06 <0.01 
M01 2.73 14.4 3.13 23.5 
M02 4.19 22.1 1.55 11.5 

 - - 1.68 12.5 
 8.99 47.6 4.81 36.1 

 
(  

) 

 2.86 15.1 2.21 16.4 
6M HCl  

(# ) 2.05 10.8 1.48 11.0 

MITC # 0.55 2.9 0.40 3.0 
6M HCl  0.26 1.4 0.33 2.4 

 18.9 100 13.4 100 
-  
# - - -  

 
 

9 mL

[met-14C]MITC 0.34 mg/L
48  

3.1 mg/kg 95.7%TRR
MITC M01 M02

 
 

 

30 cm
[met-14C]MITC 11.1 mg/kg

19±1 7
 

28
28  

13  
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13  

  ( )   

 
 

 

 

36 ( 36 )  

 36 43 50 57 70
  

 
 
 
 

 

2  36 ( 36 )  

4  

36

4
 

4 128  
( 164 )  

 
 

 
 

2  
2

 
36 ( 36 )  

 

 

 

36 ( 36 )  

 36 ( 36 ) 
 70 ( 70 ) 

 
(2 ) 

36 ( 36 ) 

  
 

a.  

14  
0

6.4 mg/kg MITC 0.090 mg/kg
1.4%TAR  

36 164 14CO2

1.7 mg/kg 1.3 mg/kg
MITC 0

 
20.3%TAR

14CO2 5.6%TAR MITC 14.7%TAR
36

56.0%TAR 14CO2 39.1%TAR
16.9%TAR MITC
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14  

 
( ) 

 
/ / 

 
 

 
  %TAR  

 MITC 
0 

( 0 ) 
mg/kg 0.318 0.090 NA 6.04 6.36 54.7 %TRR 5.0 1.4# NA 95.0 100 

36 
( 36 ) 

mg/kg 0.102 ND 0.068 1.52 1.69 NA %TRR 6.1 ND 4.0 89.9 100 
164 

( 164 ) 
mg/kg 0.014 ND 0.025 1.22 1.26 11.8 %TRR 1.1 ND 2.0 90.9 100 

# MITC %TAR  ND  NA  
 

b.  

15  
36

1.3 mg/kg 3.3 
mg/kg 2.9 mg/kg

 

2.9 mg/kg
4.8 mg/kg

14CO2

 
 

15 mg/kg  

 
( )  

 

 
( ) 

 
( )  

 
 

 
 

   
      

36  0.007 3.29 0.004 1.27 0.002 - 2.91 - 4.83 - 
50  - - - 0.554 - - - - - - 
70  - - 0.003 0.189 - - - - - - 

 - - - - 0.003 0.002 - - - - 
128 # - - - - - - 0.227 0.033 - - 

-  # 36 36 4  
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c.  

36 36
41.5%TRR 54.7%TRR

32.8%TRR
MITC

M01 M02 MITC
 

0.026 mg/kg 0.0003 mg/kg
0.083 mg/kg

.( ) MITC
MITC

MITC
 

 
d.  

70 14CO2

48 4.4%TRR 14CO2

0.4%TRR [met-14C]MITC
 

 
e.  

.( ) [met-14C]MITC 48

36

 

TLE TLC  
16  

 

1043



 

 

  

  
 

   
    

 
     
     

 
     
     

 
 

 
 

 

 

 

 

 

 

2  
 
 
 

1044



 

 

17 %TAR  

 

  

  
1) 2) 

 
 

     

0 ND ND ND ND - 73.6 11.6 8.67 94.0 1.33 95.3 
1 71.7 0.02 ND ND 71.7 7.70 2.11 5.82 15.6 4.81 92.2 
3 85.9 0.57 ND ND 86.5 0.51 0.81 1.70 3.02 5.80 95.3 
7 91.3 4.96 ND 0.02 96.2 - 0.62 0.65 1.27 3.55 101 

10 80.2 3.75 ND ND 84.0 0.10 - NA 0.10 6.45 90.5 
14 84.8 4.00 ND ND 88.8 NA NA NA - NA 88.8 

1) MITC N- -N’-  2) CO2  
ND 0.01%   NA   -  

 
18 %TAR  

    
 

 

 
 MITC MITC U1 U2 MITC U1 U2 MITC MITC 

 

0 - 69.4 0.55 1.15 11.2 0.25 0.15 8.65 89.3 
1 71.7 5.55 0.65 0.60 1.55 0.30 0.15 5.80 84.6 
2 65.9 3.55 0.20 0.20 1.10 0.40 <0.10 4.40 75.0 
4 95.4 <0.10 <0.10 <0.10 <0.10 0.20 - 0.95 96.3 
7 91.3 - - - - - - 0.65 91.9 

U1 U2  -  
 

 

4
MITC  

Freundlich KFads 0.32 0.68
KFadsOC 27 46 2  

 
 

 

pH 5.0 pH 7.0 pH 9.0
[met-14C]MITC 76.4 µg/mL

25±0.1
 

19  
M05 pH 9.0

1045



 

 

M06 MITC pH 5.0
85 pH 7.0 490 pH 9.0 110 2  
 

19 %TAR  

pH 5.0 7.0 9.0 
(hr) 0.16 76.2 338 0.75 268 792 0.25 96.6 313 

MITC 94.5 44.5 5.6 96.6 68.1 30.8 94.6 37.7 12.2 

 

M05 3.9 47.3 83.0 3.2 16.8 49.3 0.8 24.9 49.2 
M06 - - - - - - 0.9 24.8 23.3 

 0.7 1.7 1.1 0.2 2.2 2.5 0.4 3.5 1.8 
 0.9 2.7 5.7 - 5.1 1.1 3.3 5.9 8.4 

 100 96.2 95.4 100 92.2 83.7 100 96.8 94.9 
-  

 
 

pH 4.0 pH 7.0 pH 9.0
MITC 50.0 µg/mL

25 35
 

MITC 20  
MITC 25 pH 7 70 35

pH
7  

 
20 MITC  

pH  
( ) 

 
(hr-1) 

 
( ) 

4.0 25 4.82×10-4 60.0 
35 1.57×10-3 18.4 

7.0 25 4.14×10-4 69.8 
35 1.46×10-3 19.8 

9.0 25 4.20×10-3 6.87 
35 1.59×10-2 1.81 

 
 

[met-14C]MITC 5 µg/mL
10 25±2

29.7 W/m2 290 nm

1046



 

 

 
21 MITC

22  
MITC 10

69.6%TAR 75.3%TAR
M05

 
MITC 18.7 71.4

24.9 95.1 2  
 

21 %TAR  

 ( ) MITC M05   

 

 

0 100 ND ND 100 
2 94.1 5.0 ND 99.1 
6 79.1 18.9 0.7 98.7 
10 69.6 29.9 1.7 101 

 

0 99.0 ND ND 99.0 
2 94.4 3.8 ND 98.2 
6 82.5 15.6 1.4 99.5 
10 75.3 22.5 3.0 101 

 

 
0 100 ND ND 100 
6 99.4 ND ND 99.4 
10 98.7 ND ND 98.7 

 
0 99.0 ND ND 99.0 
6 101 ND ND 101 
10 101 ND ND 101 

ND  
 

22 MITC  

 
DT50( ) DT90( ) 

  
( 4 6 )   

( 4 6 ) 
 18.7 71.4 62.2 238 
 24.9 95.1 82.8 316 

 
 

MITC 5 µg/mL
14 25.0 37.0 W/m2

1047



 

 

290 nm
 

23 MITC  
MITC 7  
 

23 MITC  

 ( ) 

 
 28.1 
 42.0 

 
 60.8 
 64.2 

 
 

MITC
24

2  
 

24  

   
 

MITC 

 
 

120 kg ai/ha# 
(MITC  

110 kg/ha) 
1  

(7 ) 

 35.7  

 48.6  

 
 

112 mg/kg 
 3.5  

 4  

95 mg/kg 
 11.5  

 2.5  
# 30.0%   

 
 

MITC
3 MITC 197

0.062 mg/kg 2  
 

 

MITC
25 2  

1048



 

 

25  

   
 

 
(mg/kg ) 
( ) 

 
 

(mg/kg ) 

 
 

(mg/kg ) 
 

 

ddY 
 

(Irwin ) 

 
5  

0 10
30 100 

( ) 

10 30 

30 mg/kg

100 mg/kg

 
100 mg/kg

(4
) 

# 10 30 

30 mg/kg

 
100 mg/kg

 
100 mg/kg

(
) 

      

 

1049



 

 

   
 

 
(mg/kg ) 
( ) 

 
 

(mg/kg ) 

 
 

(mg/kg ) 
 

 
 

 
3  

3.8×10-8 

3.8×10-7 

3.8×10-6 

3.8×10-5  
g/mL 
( ) 

3.8×10-8 
g/mL 

3.8×10-7 
g/mL 

 

 

Hartley 
 

 
5  

 

3.8×10-7 

3.8×10-6 

3.8×10-5 

g/mL 
( ) 

 

 

 

 

3.8×10-6 3.8×10-5 
 

3.8×10-5 - 
 

3.8×10-6 3.8×10-5 

 

ddY 
 

 
10  

0 10
30 100 

( ) 
30 100  

 

ddY 
 

 
6  

0 10
30 100 

( ) 
100 - 

 

  
 

3  

76 760
7,600 

( ) 
760 7,600 

 

 
 
 
 

 
 

( ) 

 
3  

100 
( ) - 100 

 
QRS
 

 
90

124 127

 
  

-  
# 10 mg/kg 1  

 
 

MITC
26 2 4 5 7  

1050



 

 

26  

  LD50(mg/kg )    

 Donryu  
10  175  

 
 

133 mg/kg  

 Donryu  
10   72  

63 mg/kg  

 Wistar  
5  163 147 

 

 
68.1 mg/kg

100 147 mg/kg
 

147 mg/kg  

 dd  
10  90   

59 mg/kg  

 dd  
10   104  

83 mg/kg  

  NMRI  
5  120 100 

 

 

 
100 mg/kg ( 4

3 )  
100 mg/kg  

 Donryu  
10  2,780   

2,123 mg/kg  

 dd  
10  1,870   

1,118 mg/kg  

 Wistar  
5  1,000 1,930 

 

 
 

1,000 mg/kg  

 Donryu  
10  54 56  

48 mg/kg  
     

1051



 

 

  LD50(mg/kg )    

 dd  
10  82 89  

70 mg/kg  

 SD  
5  

LC50(mg/L) 

( ) 
1.5 mg/L  

1.9 1.9 

0.6 3.1 mg/L 1  
/  

 
 

 
NZW

 
Pirbright White Hartley
Maximization Hartley

Maximization
2 4 5 15

16  
 

 

90  

Wistar 12 0 2 10
40 mg/kg / 90  

27  
10 mg/kg /

2 mg/kg /
2 4 5  
 

1052



 

 

27 90  

   
40 mg/kg /  ( 3 ) 

(4 5 ) 

 
Neu  
Lym  

2  
 

( 3 ) 
(4 5 ) 

 
Alb ChE  

 

10 mg/kg /
 

Glu  
a) 

 

 
a) 

2 mg/kg /    
a)  

 
90  

Wistar 10 0 5 10
20 mg/kg / 90  

28  
20 mg/kg / WBC Neu

10 mg/kg
/ 2 4 5  
 

28 90  

   
20 mg/kg /  WBC Neu  

Lym  
(

)# 

# 

10 mg/kg /
 

  

#  
 
90  

dd 12 0 1 5
20 mg/kg / 90  

29  
5 mg/kg /

 
2  

1053



 

 

1 mg/kg /
2 4 5  

 
29 90  

   
20 mg/kg /  BUN  

# a) 
WBC  

 
# a) 

# 
5 mg/kg /

 
ChE  

(
)#  
# 

# 

ALT  
BUN  
ChE  

(
)# 

# 
 

1 mg/kg /    
#  
a)  

 
90  

dd 10 0 2.5 5
10 mg/kg / 90  

10 mg/kg / WBC Neu
Lym

5 mg/kg / 10 mg/kg /
2 4 5  

 
90  

ddY 12 0 0.35 0.5
0.7 1 mg/kg / 90  

30  
1 mg/kg / 0.7 mg/kg /

0.7 
mg/kg / 0.5 mg/kg / 2 4 5  

 
30 90  

   
1 mg/kg /  Glu  

 
WBC Neu  

 
0.7 mg/kg /  0.7 mg/kg /  

 
 

0.5 mg/kg /   

1054



 

 

90  

4 0 0.04 0.4
2.0 mg/kg / 90  

31  
0.4 mg/kg /

1 11.( )

 

2.0 mg/kg /
0.4 mg/kg /

2 4 5 6  
 

31 90  

   
2.0 mg/kg /

 
( )

( 7 ) 
 

( ) 
 

( )
( 7 ) 

 
 

( ) 
 

0.4 mg/kg /
 

  

 
90  

SD 10 0 2 8
32 mg/kg / 90  

32  
8 mg/kg /

2 mg/kg /
2  

1055



 

 

32 90  

   
32 mg/kg /  (1 29 )# 

( 8 ) 
## 

 
 

(1 45 )# 
( 10 ) 

## ## 
 

 
 

8 mg/kg /
 

  

2 mg/kg /    
#

 
## 4 8  

 
90  

Wistar 10 0 3.16
30.7 137 µg/L 1 4 / 5 90

 
137 µg/L

30.7 µg/L 2 4 5  
 

 

SD 10 0 120 240
480 mg/kg / 1  

120 mg/kg /
2 5  

 
 

Wistar 10 0 1 10
100 mg/kg / 1  

1 10 mg/kg /
100 mg/kg /

100 mg/kg / ChE
10 mg/kg / LDH 1 mg/kg /

Alb

1056



 

 

1 mg/kg / 5  
 

 

 

6 0 0.04 0.4
2.0 mg/kg / 1  

33  
2.0 mg/kg /

0.4 mg/kg /
2  

 
33  

   
2.0 mg/kg
/  

PLT APTT  
#  

( )(1 ) 

# 

0.4 mg/kg
/  

  

#  
 

/  

SD 60 10 53
4 57 5 0

2 10 50 ppm 0 50 ppm 34
2 /  

 
34 /  

 2 ppm 10 ppm 50 ppm 
 

(mg/kg / ) 
 0.104 0.514 2.33 
 0.149 0.746 3.43 

 
 

50 ppm
10 ppm

0.514 mg/kg / 50 ppm 3.43 mg/kg /
2 4 6  

 
/  

ICR 58 12 26
52 6 0 5 20

1057



 

 

80 200 ppm 35 2 /
 

 
35 /  

 5 ppm 20 ppm 80 ppm 200 ppm 
 

(mg/kg / ) 
 0.82 3.30 11.8 25.7 
 0.91 3.66 13.0 29.0 

 
36  

 
80 ppm

20 
ppm 3.30 mg/kg / 3.66 mg/kg /

2 4 6  
 
36 /  

   
200 ppm RBC  

 

 

 

 

80 ppm  # 
 

Lym  
Neu( )  

 

# 
 

20 ppm    
# 80 ppm 200 ppm 30  

 
 

 

SD 10 20 0 1 3
10 30 mg/kg / 3

30 mg/kg / 5
1 mg/kg /  

1 mg/kg /
10 mg/kg /

2 4 5  

1058



 

 

 

SD 30 0 2 10 50 
ppm 37 2  

 
37  

 2 ppm 10 ppm 50 ppm 

(mg/kg / ) 

P  
 0.16 0.76 3.58 
 0.21 1.01 4.76 

F1  
 0.15 0.71 3.40 
 0.19 0.87 4.22 

 
P 50 ppm

F1 50 ppm
10 ppm

P 0.76 mg/kg / 1.01 mg/kg / F1 0.71 mg/kg /
0.87 mg/kg / 50 ppm P 3.58 

mg/kg / 4.76 mg/kg / F1 3.40 mg/kg / 4.22 
mg/kg /

2 6  
 

 

SD 24 28 6 15 0 1
5 25 mg/kg /  

38  
25 mg/kg 11/337 3.3

2.7 3.3
 

5 mg/kg /

1 mg/kg /
2 4 5  

 

1059



 

 

38  

   
25 mg/kg /   

(24/27 ) 

 
 

(
) 

5 mg/kg /  #( 6
15 ) 

(1/28 ) 

( ) 

1 mg/kg /    
# 5 mg/kg /  

 
 

Wistar 25 6 15 0 3
10 30 mg/kg /  

10 mg/kg /
8 10 30 mg/kg /

30 mg/kg /
30 mg/kg /

 
3 mg/kg / 10 

mg/kg / 5
6  

 
 

NZW 17 6 18 0
1 3 10 mg/kg /  

3 mg/kg / 3 mg/kg / 1 10 
mg/kg / 7 1

10 mg/kg / 10 
mg/kg /  

1 mg/kg / 3 mg/kg /
5  

 
 

NZW 16 7 19 0 1
3 5 mg/kg /  

5 mg/kg /
7 19

3 mg/kg /

1060



 

 

2 4 5  
 

 

16 6 18 0
1 3 10 mg/kg /

 
10 mg/kg /

3 mg/kg /
10 mg/kg /
5 6  
 

 

MITC DNA
V79

UDS  
39

V79 CHL/IU

MITC
2 4 6 9  

 
39 MITC  

    

 

DNA  
 (H17 M45 ) 

20 2,000 µg/ (-S9) 
 

DNA  
 (H17 M45 ) 

1 10,008 µg/ (+/-S9)  

 
 (TA98 TA100 TA1535

TA1537 TA1538 ) 

5 2,500 µg/ (+/-S9) 
 

 
 

(TA98 TA100 TA1535
TA1537 TA1538 ) 

(WP2hcr ) 

0.5 1,000 µg/ (+/-S9) 

 

 
 (TA98 TA100 TA1535

TA1537 TA1538 ) 

10 5,000 µg/ (+/-S9) 
 

1061



 

 

    

 
 (TA98 TA100 TA1535

TA1537 ) 

20 5,000 µg/ (+/-S9) 
30 500 µg/ (+/-S9)  

 

(TA98 TA100 TA1535
TA1537 ) 

(WP2 uvrA ) 

TA100 WP2  
78.13 5,000 µg/ (+/-S9) 
TA1535  
31.25 1,000 µg/ (-S9) 
78.13 5,000 µg/ (+S9) 
TA98 TA1537  
15.63 500 µg/ (-S9)  
15.63 1,000 µg/ (+S9) 

 

 (V79)  
( ) 

0.1 1.00 µg/mL (-S9) 
0.25 2.50 µg/mL (+S9)  

 
 (V79) 

0.10 1.00 µg/mL (-S9) 
0.25 2.50 µg/mL (+S9)   

 
 

(CHL/IU) 
(6 ) 

0.8 6 µg/mL (-S9) 
1.8 14 µg/mL (+S9) 

 
1.3 5 µg/mL (24 ) 
0.6 5 µg/mL (48 ) 

# 

 
 

 0.05 0.5 µg/mL (-S9) 
0.1 0.5 1.0 µg/mL (+S9)  

 
 

 3.0 5.0 µg/mL(+/-S9)  

 V79  
0.1 3.5 µg/mL (-S9) 
0.1 5.0 µg/mL (+S9)  

UDS  F344
 

0.253 15.2 µg/mL  

 ICR  ( ) 

( 5 ) 
110 mg/kg  
( )  

+/-S9  
    #  

 
 

 

Wistar 10 50 100
150 mg/kg 10 25 50 100 mg/kg

/ MITC  

150 mg/kg 1 100 mg/kg
1 3 6 7 50 mg/kg 3
3

1062



 

 

50 mg/kg
100 mg/kg

 
10

100 mg/kg 2 4 6
3 50 mg/kg 2

25 mg/kg

 
MITC 50 mg/kg 25 mg/kg /

2
5  

1063




