
 

47 28  

   
0.05 mg/L  

Alb TP  
AChE

(20% ) 

AChE (20% ) 

0.005 mg/L
 

 
T.Chol  

AChE (20% ) 

0.0005 
mg/L 

  

 
 

ChE 12  

 ChE  

SD 2 5 48
79 2 4 8 16 24

0 10 mg/kg ChE 

ChE  
ChE 48  

ChE
77 78  

 
48 ChE % ChE  

 ChE ChE 
    

2  29 5 76 115 
4  23 7 96 111 
8  32 13 80 59 
16  52 31 147 87 
24  60 36 139 102 

100  
   ChE 20% 2

ARfD  
 

 ChE  

SD 5 57 81
0 0.04 0.4 4 mg/kg

ChE 3
ChE  

 
12 .( )  

1244



 

ChE 49  
ChE

ChE
4 mg/kg

77 78  
 

49 ChE %  

ChE  

   
0.04 mg/kg  0.4 mg/kg  4 mg/kg  

ChE  123 110 93 
 103 92 89 

 

ChE  107 79 96 
 108 110 98 

ChE  100 100 98 
 118 113 101 

ChE  115 98 105 
 125 121 104 

100  
 

 
ChE 13 

SD 3 43 45
0 10 20 30 40 mg/kg 0 5 10 20 30 mg/kg

ChE
2 4 8 24

ChE  
ChE 50 51

77 79  
 

  

 
13 .( )  
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50 ChE %  

ChE  

   
(mg/kg ) 10 20 30 40 5 10 20 30 

ChE 

2  82* 76* 68* 73* 92 80 81 70 
4  85 81* 86 74** 85 76* 68** 65** 

8  82* 73** 77** 63** 106 89 84 82 
24  88 82* 72** 71** 89 78** 72** 72** 

ChE 

2  84 63** 49** 45** 82 86 35** 26** 

4  83 48** 41** 47** 84 61** 42** 24** 

8  101 70* 60** 45** 101 73 44** 35** 

24  110 90 59** 46** 93 73 49** 33** 

100  
ChE 20% 3

ARfD  
* p<0.05 ** p<0.01 Dunnett  

 
51  ChE  

 

   
40 mg/kg  ( 4 ) 

( 1 )
( 1 8 )

( 2 ) (
5 6 ) 

 

30 mg/kg
 

( 0 4 ) 30 mg/kg  
(1 3 ) 

( 2 5 )
( 2 8 ) (
24 ) 

20 mg/kg
 

a

a ( 2 ) 
( 5 )b 
( 3 6 )c 

( 0 4 ) 

( 1 )
( 2 )d 

( 1 ) 
( 1

) 
10 mg/kg

 
10 mg/kg  

 
( 2 3 ) 

5 mg/kg    
 

 
a 40 mg/kg 1  
b 30 mg/kg 1  
c 30 mg/kg 1 3 40 mg/kg

 
d 30 mg/kg 1 3 8 3
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18 AChE  

SD 10 0 0.5 1 5 10 
ppm 0 0.05 0.1 0.5 1 mg/kg / 14

18 AChE
AChE  

AChE 52  

 
10 ppm AChE 20%

AChE  
AChE

10 ppm 1 mg/kg / 5 ppm 0.5 mg/kg /
2 7  

 

52 AChE % 18  

   
0.5 ppm 1 ppm 5 ppm 10 ppm 

AChE  108 113 101 81* 
 106 103 92 76** 

( )AChE  103 99 100 98 
 106 106 106 101 

100  
* p<0.05 ** p<0.01 Dunnett  

 
104 AChE  

SD 30 15 0 2 4 10 ppm
0 0.104 0.205 0.510 mg/kg / 104
AChE

13 26 52 78 102 AChE AChE
 

AChE 53  

 
10 ppm AChE 20%

AChE  
 

14 4  
15 2 /  .( )

ChE
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AChE 4 ppm 0.205 
mg/kg / 7 68  

 
53 AChE % 104  

   
2 ppm 4 ppm 10 ppm 

AChE 

13  97 93 75** 
26  105 102 70** 
52  98 89* 56** 
78  107 104 78** 
102  109 104 78** 

AChE  98 97 95* 
100  

* p<0.05 ** p<0.01 William’s Shirley’s  
 

2 / .( ) 104
AChE 13.( ) 50 ppm

AChE 20% AChE
20% 10 ppm AChE 20%

AChE 0.41 
mg/kg / 0.205 mg/kg /  
 

ChE  

ChE
 

  

SD 12 12 6 20
0 0.1 0.7 5 mg/kg /

3 ChE
 
ChE 54  

 
5 mg/kg / 19 20

18 20
0.7 mg/kg  

 
5 mg/kg / ChE
20% 0.7 mg/kg / ChE
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20%  
ChE 0.1 mg/kg

/ 0.7 mg/kg / 2 7 79  
 

54 ChE %  

 0.1 mg/kg /  0.7 mg/kg /  5 mg/kg /  

 ChE 97 56** 1** 
ChE 99 95** 10** 

 ChE 124 109 70* 
ChE 96 95 78** 

100  
* p<0.05 ** p<0.01 Dunnett  

 
  

SD 16 11 10 17 21 5
0 0.1 0.7 5 mg/kg

ChE
10 30 1 2 4 24

ChE  
ChE 55  

 
11 21 5 mg/kg ChE 20%

ChE 2
4  

ChE 11 21
0.7 mg/kg 2 7 79  

 
  

 
16 105  
17 11 ChE 2 / /
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55 ChE %  

   
(mg/kg ) 0.1 0.7 5 0.1 0.7 5 

11  

 
ChE 

10  89 106 99 62* 1 68§1 67* 1 
30  121 107 94 100 99 111 
1  103 114 101 96 86 78 
2  97 93 61** 82 133 59 
4  101 103 62* 96 108 67 
24  130 114 67 123 95 63 

ChE 

10  100 100 97 103 98 99 
30  116 100 100 102 103 114 
1  99 93 89* 97 97 93 
2  107 104 90 101 102 92* 

4  88 99 86* 102 88 72 
24  98 98 86 100 97 102 

21  

 
ChE 

10  118 97 113 131 116 100 
30  108 98 132 113 131 103 
1  97 102 102 136 168 65 
2  93 116 67 62§2 73§2 45** 2 
4  98 95 68 143 101 87 
24  130 123 91 135 114 60 

ChE 

10  100 113 95 102 113 102 
30  104 104 97 96 93 92 
1  100 100 92* 101 97 89* 

2  99 95 87* 97 94 83** 

4  101 100 82** 104 101 80** 
24  100 99 86** 94 96 82** 

100  
* p<0.05 ** p<0.01 Dunnett  
§1 2 12,500 U/L 9,130 U/L

7,270 U/L
0.1 0.7 mg/kg

ChE  
§2 2 10,000 U/L 7,530 U/L

6,130 U/L
0.1 0.7 mg/kg

ChE  
 

  

SD 18 11 20 19 21
10 42±2 10
0 0.1 0.7 5 mg/kg

3 4 ChE  

 
18 41  
19 11 ChE 2 / /
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ChE 56  

 
5 mg/kg 21

11 21 ChE
20%  

ChE 20%
 

ChE 11 21
0.7 mg/kg 2

7 79  
 

56 ChE %  

   
(mg/kg ) 0.1 0.7 5 0.1 0.7 5 

11  
 

ChE 133 122 82 73§1 120 56* 
ChE 98 101 85** 100 101 86** 

21  
 

ChE 92 100 63 131 140 68 
ChE 102 110 85 104 99 84** 

42±2  
 

ChE 96 95 77 70§2 67§2 53* 2 

ChE 106 102 100 102 102 99 
100  

  ChE 4 3
 

* p<0.05 ** p<0.01 Dunnett  
§1 0.7 mg/kg 6,690 U/L

7,270 U/L
ChE  

§2 2 8,000 U/L 4,470 U/L
3,370 U/L ChE

0.1
0.7 mg/kg ChE

 
 

  

SD 20 11 10 43 46
10 0 0.1 0.7 5 mg/kg

/ 11 3 4
ChE  

ChE 57  

 
 

20 14  
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5 mg/kg /

ChE 20%  
ChE 11

0.7 mg/kg / 2 7 79  
 

57 ChE %  

   
(mg/kg / ) 0.1 0.7 5 0.1 0.7 5 

11  
 

ChE 86 109 13* 101 86 7** 
ChE 102 96 50** 110 92 35** 

43 46  
 

ChE 99 96 13** 125 86 1** 
ChE 104 101 78** 101 97 43** 

100  
  ChE 4 3

 
* p<0.05 ** p<0.01 Dunnett  

 
13.( )

ChE 0.1 mg/kg
/ 11 21 42 46

0.7 mg/kg 0.7 mg/kg /  
ChE

0.7 mg/kg
0.7 mg/kg / ChE

 
ChE

 
 

ChE
21  

10 20 8 8
17 SD 0 0.4 0.7 20 mg/kg

3
ChE  

ChE 58  
20 mg/kg 20 1

 
21 
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1 20 mg/kg
ChE 20%

0.4 0.7 mg/kg
ChE  

95 98 100  
 

58 ChE U/L  

(mg/kg ) 0 0.4 0.7 20 

(10 )  
ChE 479 

(100) 
371 
(77) 

399 
(83) 

109** 
(23) 

ChE 273 
(100) 

303 
(111) 

326** 
(119) 

85** 
(31) 

(20 )  
ChE 333 

(100) 
321 
(96) 

404 
(121) 

117** 
(35) 

ChE 313 
(100) 

344 
(110) 

349 
(112) 

48* 
(15) 

 
ChE 411 

(100) 
362 
(88) 

471 
(115) 

109** 
(27) 

ChE 329 
(100) 

322 
(98) 

344 
(105) 

78** 
(24) 

( ) 100 % 
*: p<0.05 **: p<0.01 

 
AChE  

D E F H M N O22 0.01 0.1
1.0 mmol/L +/-S9 mix

37 10 AChE
 

AChE

AChE
77 80  

 
BuChE  

ICR 5 D
E F H 10 mg/kg

5 BuChE  
BuChE 681 

 
22 D F H
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IU/L 567 IU/L BuChE
7,660 8,900 IU/L 7,470 IU/L

2 7  
 

 

  

100 mmol/L +S9 mix
37 10

 
AB 77 81  

 
  

SD 6 50 mg/kg
20

 
AB

10.6 g/g 4.7 g/g
77 82  

 
13.( ) ( ) ChE

AB  
 

28  

ICR 10 0 50 100 200 400 
ppm23 59 3 SRBC

28  
 

59 28  

 50 ppm 100 ppm 200 ppm 400 ppma 

 
(mg/kg / )  10 22 44 61 

a 0 3  
 
400 ppm 4 1 2

4 /

 
23 400 ppm 4 1 2

4 200 ppm
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/
0 3

 
200 ppm 6 11 3 7

 
SRBC IgM

 
7 69  
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Q  
24  

SD 2 1 [but-14C]Q 10 
mg/kg

 
60  

0.006%TAR 0.09%TAR 0.04%TAR
0.005%TAR

0.01%TAR 1.02%TAR  

48 69.0% 92.1%  
 
Q

2 7 77  
 

60 %TAR  

   
 No.1 No.2 No.3 

 48  24  
 88.7 63.2 104 
 10.1 28.5 0.52 

a 0.03 0.05 0.03 
 3.33 5.73 3.53 

b 0.05 0.01 0.10 
a 14CO2  
b  
 

 

B D E F H O Q AA  

B O Q AA B
D E F H  

61 2 7 32 34  
 

  

 
24  
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61  

  LD50(mg/kg )    

Ba SD  
6   50 300 

50 300 mg/kg  
300 mg/kg

( 1 2
) ( 1 3 ) 

 
300 mg/kg  

Bb ICR  
5  268 268 

70 105 158 237 355 533 800 
mg/kg  
533 mg/kg ( 6

) 
355 mg/kg ( 3 )

( 1 ) 
237 mg/kg  

( 1 1 )  

( 3 4 ) 
158 mg/kg  

/ ( 3
6 ) ( 7 ) 

/ ( 3 5 )
( 7 ) 

 
105 mg/kg  
158 mg/kg  

Db ICR  
5  2,460 3,560 

1,000 2,000 4,000 mg/kg  
4,000 mg/kg ( 1 6

) 
 

2,000 mg/kg  

Eb ICR  
5  1,410 1,630 

500 1,000 2,000 4,000 mg/kg  
2,000 mg/kg ( 1
6 ) ( 1 ) 
1,000 mg/kg ( 1

1 ) 
 

2,000 mg/kg  
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  LD50(mg/kg )    

Fb ICR  
5  1,300 1,230 

500 1,000 2,000 4,000 mg/kg  
4,000 mg/kg ( 3

) 
2,000 mg/kg ( 2 6 ) 
1,000 mg/kg ( 7 ) 

500 mg/kg ( 1
2 ) 

 
500 mg/kg  
1,000 mg/kg  

Hb ICR  
5  >2,000 >2,000  

Oa SD  
3  

300
500 

300
500 

200 2,000( ) mg/kg  
2,000 mg/kg  

( 0.5 1 ) ( 2 ) 
200 mg/kg  

  

Qb SD  
5  1,580 1,580 

800 1,000 1,400 2,000 3,150 
mg/kg  
3,150 mg/kg
( 1 )  
2,000 mg/kg  

( 1 8 ) 

( 1 2 ) 
1,400 mg/kg  

( 1 4 ) 
( 2

8 ) 
1,000 mg/kg  

( 1 ) 

( 2 2 ) 
800 mg/kg

( 2 1 ) 
 

2,000 mg/kg  
1,400 mg/kg  
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  LD50(mg/kg )    

AAc SD  
6  >2,000 >2,000 

200 2,000 mg/kg  
2,000 mg/kg  

( 0.5 1 )
( 1 ) 

( 0.5 1 )
( 1 ) 
200 mg/kg ( 0.5
1 ) 
 

 
a 0.5%CMC b c  

 

 

Q  

NZW Q

7 35 36  
 

Q  

28  

SD 10 Q 0 100 250
500 1,000 mg/kg / 62 28

 
 

62 28 Q  

(mg/kg / ) 100 250 500 1,000 
 

(mg/kg / ) 
 94.5 236 474 942 
 95.0 237 474 948 

 

1,000 mg/kg / 942 mg/kg
/ 948 mg/kg / 2 7 77  
 

B D E F H O P Q Z AA  

B D E F H O P Q
Z AA
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TK B O P Q Z AA
CHL/IU D E F H

D E F O Q
P Z

 
63  

E
O Z

CHL/IU
P TK

O
2 7 38 67

77  
 

63  

     

B 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 )

4.88 5,000 g/ (+/-S9) 
313 5,000 g/ (+/-S9) 

 

TK  

 
(L5178Y ) 

250 2,000 g/mL 
(-S9 3 24 +S9 3

) 
 

 
 (CHL/IU)

275 1,100 g/mL 
(+/-S9 6 18  -
S9 24 ) 
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D 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

TK a 

 
(L5178Y )

125 2,000 g/mL 
(-S9 3 24 +S9 3

) 
 

 
a 

 720 2,000 g/mL 
(+/-S9 3 18 ) 
1,600 2,000 g/mL 
(-S9 21 ) 

 

a 
ICR   
( ) 

( 5 ) 

500 1,000 2,000 mg/kg /  
(24 2

23 24 ) 
 

E 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

TK  

 
(L5178Y )

15.5 1,490 g/mL(-S9 3
) 

61.9 991 g/mL(+S9 3
) 

31.0 1,490 g/mL(-S9 24
) 

 

 
 

 714 1,190 1,980 g/mL 
(-S9 3 18 ) 
257 714 1,980 g/mL 
(+S9 3 18 ) 

c 

 

ICR  
( ) 

( 5
7

)

250 500 1,000 mg/kg / d 

(24 2
20 22 )  
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F 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

TK a 

 
(L5178Y )

62.5 2,000 g/mL 
(-S9 3 24 +S9 3

) 
 

 
a 

 720 2,000 g/mL 
(+/-S9 3 18  -
S9 21 ) 

 

a 
ICR   
( ) 

( 6 )

500 1,000 2,000 mg/kg /  
(24 2

18 24 ) 
 

H 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

TK b 

 
(L5178Y )

125 2,000 g/mL 
(-S9 3 24 +S9 3

) 
 

 
b 

 720 2,000 g/mL 
(+/-S9 3 18  
-S9 21 ) 

 

O 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 )

156 5,000 g/ (-S9) 
78.1 5,000 g/ (+S9) 

 

TK  

 
(L5178Y )

758 3,030 g/mL 
(-S9 3 24 +S9 3

) 
 

 
 

(CHL/IU)

1,520 2,170 3,100 g/mL 
(+/-S9 6 18
-S9 24 ) 
744 1,060 1,520 2,170

3,100 g/mL 
(-S9 48 ) 

e 

 

ICR  
( ) 

( 5 ) 

25 50 100 mg/kg f 

10 20 40 mg/kg  
( 24

48 ) 
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Pg

(TA98 TA100
TA1535 TA1537 ) 

(WP2 )

156 5,000 g/ (+/-S9) 

TK

(L5178Y )
62.5 2,000 g//mL 
(-S9 3 24 +S9
3 ) 
1,000 2,000 g//mL 
(-S9 24 ) 

h

(CHL/IU)

500 2,000 g//mL 
(+/-S9 6 18
-S9 24 ) 

ICR
( ) 
( 5 ) 

500 1,000 2,000 mg/kg /
(21 2

3 ) 

Q 

(TA98 TA100
TA1535 TA1537
TA1538 ) 

33 5,000 g/ (+/-S9) 

TK
(L5178Y ) 

900 5,000 g/mL(+/-S9) 

(CHL/IU) 

350 1,400 g/mL 
(-S9 6 18
24 ) 
87.5 350 g/mL 
(+S9 6 18 ) 

ICR
( )
[
5 (

20
)

10 ] 

250 500 1,000 mg/kg i 

450 900 1,800 mg/kg j 

250 500 1,000 mg/kg k

(
24 48 72 ) 
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Za 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

156 5,000 g/ (+/-S9) 

 

TK  

 
(L5178Y ) 

62.5 2,000 g/mL 
(-S9 3 24 +S9 3

) 
 

 
 (CHL/IU) 

500 1,000 2,000 g/mL 
(+/-S9 6 18  -
S9 24 ) 

l 

 

ICR  
[ (

)
( )] 

( 5 ) 

500 1,000 2,000 mg/kg / m 

(21 24 3
3 )  

AA 

 
 

(TA98 TA100
TA1535 TA1537 ) 

(WP2 ) 

313 5,000 g/ (+/-S9) 

 

TK  

 
(L5178Y ) 

340 1,360 g/mL 
(-S9 3 24 +S9 3

) 
 

 
 (CHL/IU) 

686 1,400 g/mL 
(+/-S9 6 18 )  

+/-S9  
a D F Z  
b H  
c -S9 1,980 g/mL +S9 714 g/mL

 
d 1,000 mg/kg / 2 2 4.5 1

2 1,000 mg/kg
24 6 48 3  

e -S9 3,100 g/mL 48
 

f 100 mg/kg 2 1
 

g P  
h -S9 2,000 g/mL 24  
i 1,000 mg/kg / 2  
j 1,800 mg/kg / 10  
k 1,000 mg/kg /  
l -S9 2,000 g/mL 24  
m 1,000 mg/kg / 1 48 2,000 mg/kg

1 25 48  
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