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AER apical ectodermal ridge  

AUC area under the blood concentration-time curve  

Cmax maximum concentration  

EFD embryo-fetal development study  

IFTS international federation of teratology societies  

JW Japanese white  

NZW New Zealand white  

RT-PCR reverse transcription polymerase chain reaction  

SP sensitive period study  

Tmax maximum drug concentration time  

WISH whole mount in situ hybridization 

 

 

Bmp bone morphogenic protein 

c-Jun c-Jun 

Crbn cereblon 

Dkk dickkopf 

Fgf fibroblast growth factor 

Gremlin gremlin 

Hox homeobox 

Irs insulin receptor substrate 

Msx Msh homeobox 

NF- B nuclear factor- B 
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p53 p53 

Sall spalt-like transcription factor 

Tbx T-box 

Twist twist 

Wnt wingless-related MMTV integration site 
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Kbl:JW ( )

 

(NZW New Zealand white) NZW
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Kbl:NZW( ) Kbl:JW

 

NZW

JW

JW

Kbl:JW

Kbl:JW  
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1-2  

 

 

(1)

(2)

(3)

3

2

( 1997 )

1 1

(

2010 )

38 165

80 50% 60 70% (Federal Register 1980 )

(

2009 )  
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28-29
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1-3  

 

Grünenthal GmbH ( ) 1957

1961

McBride Lenz (McBride 1961 Lenz 1961 )

 

(Schardein 2000 ) 37 (1962 )

38 (1963 ) 4

(

2010 )

(Schardein 2000 )

 

( )

( ) ( )
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(Knobloch 2011 )  

 



 

11 
 

1-4  

 

DNA

-phenyl N-t-butylnitrone DNA

DNA

(Parman 1999 ) Fgf2

(D’Amato 1994 )

(Therapontos

2009 )

 

Fgf8 Fgf10 Twist

Fgf8 Fgf8 Fgf10

whole mount in situ hybridization (WISH)

(Hansen 2002 Ito 2010 ) Fgf8

Fgf10 Bmp4 Bmp5 Bmp7 Dkk1 Irs2 Tbx5

Sall4 Knobloch RT-PCR (Knobloch 2007

2008 2011 Knobloch Ruther 2008 ) Bmp4 Dkk1 (AER)

WISH (Knobloch 2007 )

Knobloch

NF-kB Bmp Twist

p53 c-Jun Dkk1
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(Knobloch 2011 )  

Ito cereblon

(Ito 2010 ) cereblon E3 1

E3

cereblon zCrbn

zCrbnYA/AA

cereblon (Su 2004 )

cereblon
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(Hirasawa Takeiri 1981 Kurishita 1987 )
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JW 2

(Ikeda 1965 Matsubara 1983
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20 (1990-2010 ) Kbl:JW

5 6

1988 1995 2007
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2-1-2  

 

 

 

1990-2010 98 2006 78

1998 1 2006-2010 19

2000 International Federation of Teratology Societies (IFTS)

Version 1 (Horimoto 1998 )

2000 5 6 4 ( 1990-1994 1995-1999

2000-2004 2005-2010 )  

 

 

Kbl:JW 14

1 1

0 15-21

6  

20-27

40-80 1 8-25 (12 ) 7:00-19:00( )

(1993 RC4 1994 LRC4

)  

 

 

5%

0.5% 73

15 8 2
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6-18 1 1 6

 

 

 

0-28 1 2 (

0.5-2 ) 1 1 0

6 28

(

)

10 vol%

10 vol%

95 vol% Dawson (Dawson 1926 )

S

 

 

 

1988 1995 2007

1988 1995 2007

1988 1995

2007 5 

w/v% 0.5 w/v%

1988 JW 300 

mg/kg/ (Ikeda 1965 )
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1988 1995

2007 6 1988

6-18 1995 2007 7-15
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2-1-3  

 

 

Kbl:JW

( )

 

 

 

928 1

 (Table 2-1-1) I 307 7 (II 234

0 III 224 2 IV 163 1 )

( 1 )

6 ( )

6 28 ( 2 3 )

(

)

(Table 2-1-1 2)  
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Table 2-1-1 Kbl:JW  
 I 1990-1994  II 1995-1999 III 2000-2004 IV 2005-2010
 16-21 17-20 16-18 16-19 

 307 234 224 163 
† 0 0 1§ 0 
 7 0 2 1 
 0 0 0 0 

 ( 6 ) (kg)‡ 3.50±0.23 3.50±0.24 3.45±0.18 3.37±0.20 
 

 ( 6-28 ) (kg)‡ 
0.35±0.15 0.31±0.13 0.34±0.11 0.33±0.12 

‡ 10.5±2.0 10.3±2.1 10.2±1.9 9.8±2.0 
‡ 8.9±2.6 8.4±2.8 8.3±2.4 8.5±2.4 

 (%)‡ 15.2±18.3 18.7±21.4 18.7±20.2 13.3±16.4 

† ‡ ± § 19 1  
 
 
Table 2-1-2 Kbl:JW  

 I 1990-1994  II 1995-1999 III 2000-2004 IV 2005-2010
† 300 234 221 162 

 2514 1790 1689 1277 
 (%)‡ 6.0±9.9 9.5±15.8 8.3±13.5 8.8±15.5 
     

‡ 0.0±0.2 0.0±0.4 0.0±0.1 0.0±0.2 
‡ 0.2±0.5 0.4±0.8 0.4±0.8 0.4±0.7 
‡ 0.3±0.7 0.3±0.7 0.2±0.5 0.2±0.6 

‡ 8.4±2.5 7.6±2.8 7.6±2.4 7.9±2.4 
 (%)‡ 49.0±18.1 49.5±20.6 52.5±19.8 51.3±19.0 

 (g)‡ 
 38.5±4.8 38.6±5.1 38.2±4.3 38.0±4.0 
 37.4±4.8 37.5±5.0 37.1±4.4 36.9±4.2 

[ /( + )]×100 † ‡ ±  
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II III IV 3

(Table 2-1-3) I 3

(Table 

2-1-3) I 26 5

1 2 ( )
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Table 2-1-3 Kbl:JW  
 I 1990-1994  II 1995-1999 III 2000-2004  IV 2005-2010

 300 231 219 159 
 2514 1790 1689 1277 

  % (n) 0.76 (19) 0.56 (10) 0.47 (8) 0.39 (5) 
  % (n) 0.04 (1) 0.11 (2) 0.08 (1) 
  % (n) 0.06 (1) 
  % (n) 0.08 (2) 
  % (n) 0.08 (1) 
  % (n) 0.08 (2) 0.11 (2) 
  % (n) 0.08 (2) 
  % (n) 0.04 (1) 0.06 (1) 
  % (n) 0.44 (11) 0.12 (2) 0.08 (1) 
  % (n) 0.40 (10) 0.12 (2) 0.08 (1) 
  % (n) 0.08 (1) 
  % (n) 0.08 (2) 0.08 (1) 
  % (n) 0.08 (2) 
  % (n) 0.16 (4) 
  % (n) 0.04 (1) 0.12 (2) 
  % (n) 0.08 (1) 
  % (n) 0.08 (2) 0.11 (2) 
  % (n) 0.04 (1) 0.06 (1) 0.16 (2) 
  % (n) 0.06 (1) 
  % (n) 0.06 (1) 
  % (n) 0.08 (1) 
 ( ) % (n) 0.12 (3) 
 ( ) % (n) 0.12 (3) 0.08 (1) 
 ( ) % (n) 0.04 (1) 0.11 (2) 
 ( ) % (n) 0.08 (1) 
 ( ) % (n) 0.04 (1) 
 ( ) % (n) 0.04 (1) 
 ( ) % (n) 0.08 (2) 
 ( ) % (n) 0.06 (1) 0.16 (2) 
 ( ) % (n) 0.08 (1) 
 ( ) % (n) 0.04 (1) 
 ( ) % (n) 0.04 (1) 
 ( ) % (n) 0.08 (1) 
  % (n) 0.08 (2) 
  % (n) 0.12 (3) 0.12 (2) 
  % (n) 0.12 (3) 0.06 (1) 0.08 (1) 
  % (n) 0.28 (7) 0.11 (2) 0.12 (2) 
  % (n) 0.28 (7) 0.11 (2) 0.12 (2) 
  % (n) 0.08 (2) 0.11 (2) 0.18 (3) 

(n)  
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I III II IV

3 (Table 

2-1-4) I  III

2

( )
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Table 2-1-4 Kbl:JW  
 I 1990-1994  II 1995-1999 III 2000-2004  IV 2005-2010

 229 174 219 159 
 1933 1351 1689 1277 

  % (n) 1.40 (27) 0.89 (12) 1.36 (23) 0.63 (8) 
  % (n)  0.07 (1) 0.12 (2)  
  % (n)   0.06 (1)  
  % (n) 0.10 (2) 0.07 (1)   
  % (n)  0.07 (1)   
  % (n) 0.05 (1)    
  % (n) 0.10 (2)  0.06 (1) 0.08 (1) 
  % (n)   0.06 (1) 0.08 (1) 
  % (n)    0.08 (1) 
  % (n)    0.08 (1) 
  % (n) 0.10 (2)    
  % (n)   0.06 (1)  
  % (n) 0.05 (1) 0.15 (2) 0.12 (2)  
  % (n) 0.16 (3)  0.06 (1)  
  % (n) 0.10 (2) 0.15 (2) 0.24 (4)  
  % (n)  0.07 (1)   
  % (n)    0.08 (1) 
  % (n)  0.07 (1) 0.36 (6) 0.16 (2) 
  % (n)  0.15 (2)   
  % (n) 0.16 (3) 0.15 (2)  0.16 (2) 
  % (n) 0.05 (1)    
  % (n)    0.08 (1) 
  % (n) 0.05 (1) 0.07 (1) 0.06 (1) 0.08 (1) 
  % (n)   0.06 (1)  
  % (n)  0.07 (1) 0.12 (2)  
  % (n) 0.26 (5)    
  % (n) 0.05 (1)  0.06 (1) 0.08 (1) 
  % (n)  0.07 (1)   
  % (n) 0.05 (1)    
  % (n) 0.16 (3)  0.06 (1)  
  % (n)  0.07 (1) 0.06 (1)  
  % (n) 0.10 (2)   0.08 (1) 
  % (n) 0.05 (1)  0.06 (1)  
  % (n) 0.05 (1)    
  % (n) 0.05 (1)    
  % (n) 0.05 (1)    
  % (n) 0.10 (2)    
  % (n) 0.10 (2)    
  % (n)  0.15 (2)   
  % (n)   0.18 (3)  
  % (n)   0.06 (1) 0.08 (1) 
  % (n) 0.05 (1)    

(n)  
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II IV I III  (Table 2-1-5)

3

IV 2 ( )

 

 

Table 2-1-5 Kbl:JW  

 I 1990-1994  II 1995-1999 III 2000-2004  IV 2005-2010
 229 174 219 159 

 1933 1351 1689 1277 
  % (n) 0.10 (2) 0.30 (4) 0.18 (3) 0.31 (4) 

 % (n) 0.10 (2) 0.07 (1) 0.12 (2) 0.31 (4) 
 % (n) 0.05 (1) 0.08 (1) 
 % (n) 0.22 (3) 

 % (n) 0.07 (1) 0.06 (1) 
 % (n) 0.06 (1) 

(n)  
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I IV

3  (Table 2-1-6) III IV

III I III

4 (Table 2-1-6)

2 ( )

3 ( 18 )

( 143 )

( ) 2000

IFTS Version 1 (Horimoto 1998 )
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Table 2-1-6 Kbl:JW  
 I 1990-1994 II 1995-1999 III 2000-2004  IV 2005-2010

 219 179 219 159 
 1839 1393 1689 1277 

  % (n) 1.47 (27) 1.72 (24) 2.37 (40) 1.96 (25) 
  % (n) 0.07 (1)  0.08 (1) 
  % (n) 0.05 (1)  0.08 (1) 
  % (n) 0.11 (2)  
  % (n) 0.05 (1) 0.12 (2) 
  % (n) 0.11 (2)  
  % (n) 0.05 (1)  
  % (n)  0.08 (1) 
  % (n)  0.08 (1) 
  % (n) 0.16 (3) 0.14 (2) 0.41 (7) 0.63 (8) 
  % (n) 0.06 (1) 
  % (n) 0.11 (2)  
  % (n) 0.16 (3)  
  % (n) 0.06 (1) 
  % (n)  0.08 (1) 
  % (n) 0.06 (1) 
  % (n) 0.05 (1) 0.12 (2) 
  % (n) 0.22 (4) 0.14 (2) 0.12 (2) 0.08 (1) 
  % (n)  0.08 (1) 
  % (n) 0.05 (1)  
  % (n) 0.14 (2)  0.08 (1) 
  % (n) 0.07 (1) 0.06 (1) 
  % (n)  0.08 (1) 
  % (n) 0.22 (3)  
  % (n) 0.14 (2)  
  % (n) 0.22 (4) 0.14 (2) 0.12 (2) 
  % (n)  0.08 (1) 
  % (n) 0.49 (9) 0.50 (7) 0.41 (7) 0.31 (4) 
  % (n) 0.22 (3) 0.12 (2) 
  % (n) 0.06 (1) 
  % (n)  0.08 (1) 
  % (n) 0.12 (2) 
  % (n) 0.07 (1)  
  % (n) 0.22 (4) 0.14 (2) 0.12 (2) 
  % (n) 0.22 (3) 0.06 (1) 0.08 (1) 
  % (n) 0.06 (1) 0.08 (1) 
  % (n) 0.11 (2)  
  % (n) 0.05 (1)  
  % (n) 0.16 (3) 0.14 (2) 0.12 (2) 
  % (n) 0.11 (2) 0.07 (1) 0.06 (1) 
  % (n) 0.16 (3) 0.14 (2) 0.12 (2) 
  % (n) 0.05 (1)  
  % (n)  0.08 (1) 
  % (n)  0.08 (1) 
  % (n) 0.05 (1)  
  % (n)  0.08 (1) 
  % (n)  0.08 (1) 
  % (n) 0.05 (1)  
  % (n) 0.05 (1)  0.08 (1) 
  % (n) 0.05 (1)  
 ( ) % (n)  0.08 (1) 
 ( ) % (n)  0.08 (1) 
 ( ) % (n) 0.05 (1)  
 ( ) % (n) 0.05 (1)  
  % (n) 0.14 (2)  
  % (n) 0.53 (9) 0.23 (3) 
  % (n) 0.76 (14) 0.29 (4) 0.59 (10) 0.23 (3) 

(n)
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I

I (35.67%) II (25.18%) (Table 2-1-7) IFTS

Version 1 (Horimoto 1998 ) 2000 (III

IV ) I II

I

(35.67%) [III 26.88% (7.28%+19.60%) IV 24.75% (7.52%+17.23%)]

I

I

III

2000 (

)

 (Table 2-1-7)  
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Table 2-1-7 Kbl:JW  
 I 1990-1994 II 1995-1999 III 2000-2004  IV 2005-2010

 219 179 219 159 
 1839 1393 1689 1277 

  

  

 % (n) 37.89 (698) 29.91 (417) 27.83 (470) 26.86 (343) 
  % (n) 0.07 (1)  
  % (n) 0.07 (1)  
  % (n) 0.12 (2) 0.39 (5) 
  % (n) 1.95 (36) 3.44 (48) 2.61 (44) 3.13 (40) 
  % (n) 35.67 (657) 25.18 (351) NE NE 
  % (n) NE NE 7.28 (123) 7.52 (96) 
  % (n) NE NE 19.60 (331) 17.23 (220) 
 12  % (n)  0.08 (1) 
  % (n) 0.11 (2) 0.29 (4) 0.36 (6) 0.16 (2) 
  % (n) 0.05 (1) 0.79 (11)  0.31 (4) 
  % (n) 0.11 (2) 0.72 (10) 0.12 (2) 0.39 (5) 
  % (n) 0.43 (8) 0.79 (11) 0.24 (4) 0.39 (5) 
  % (n) 0.07 (1)  
  % (n) 0.22 (4) 0.43 (6) 0.06 (1) 0.16 (2) 
  % (n) 1.47 (27) 0.29 (4) 3.02 (51) 4.07 (52) 
  % (n)  0.16 (2) 
  % (n) 1.01 (17) 0.16 (2) 

† 19.0±0.7 19.1±0.8 18.9±0.8 18.9±0.8 

n † ±  
NE  (2000 ) 
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1988 1995 2007 (

) 1995 2007

(Table 2-1-1 8) 1988 2

1984-1986 11 [

( ) 7.5-11.8 ( )

63.5-96.9%] (Kurishita 1987 ) 500 mg/kg

3 (Hay 1964 ) 6

JW-NIBS 500 mg/kg

(Matsubara Mikami 1985 )

2007

(Table 2-1-2 8) 2007

(Table 2-1-9) 8 1

( 0%)

10 2

2007
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Table 2-1-8  
  

 1988 1995 2007 
 (mg/kg/ ) 300 

 6-18  7-15  
 10 4 4 

 
† 10.6±3.2 10.3±2.1 10.8±1.5 
† 7.1±3.6 8.3±1.5 9.5±3.1 

 (%)† 33.5±27.3 18.3±14.8 13.2±21.2 
 51 24 28 

 (%)† 27.0±23.2 27.6±12.9 31.0±19.8 
    

† 0.0±0.0 0.0±0.0 0.0±0.0 
† 1.5±1.8 1.8±1.3 2.0±0.8 
† 0.5±1.3 0.5±0.6 0.5±0.6 

† 5.1±3.0 6.0±1.6 7.0±3.5 
 (%)† 43.7±31.6 56.9±16.8 35.0±23.8  

 (g)† 
 32.4±6.2 24.8±5.0 32.7±1.5 
 32.7±7.0 23.7±7.6 31.8±1.6 

[ /( + )]×100 † ±  
2007 Table 2-1-9  

 
Table 2-1-9 2007  

   ( )  (%) 
1 10 0 8 0 
2 11 4 4 50 
3 5 1 1 50 
4 12 4 6 40 

[ /( + )] ×100 
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1988 1995 2007

85.1-96.9%  (Table 2-1-10) (Table 2-1-3)

(Fig. 2-1-1) 3 ( )(Fig. 2-1-1)

2007 1998 1995

2007  

 

 

Table 2-1-10  

 1988 1995 2007 
 (mg/kg/ ) 300 

 6-18  7-15  
 10 4 4 
 51 24 28 

  % (n) 85.1 (44) 91.7 (22) 96.9 (27) 
  % (n) 2.5 (1) 14.6 (3) 6.3 (2) 
  % (n) 12.5 (1) 
  % (n) 12.2 (7) 4.2 (1) 
  % (n) 9.2 (4) 
  % (n) 5.0 (2) 
  % (n) 2.6 (2) 6.3 (1) 
 ( ) % (n) 11.3 (6) 25.0 (5) 66.3 (16) 
 ( ) % (n) 6.3 (1) 28.1 (3) 
 ( ) % (n) 18.8 (9) 25.0 (5) 60.0 (14) 
 ( ) % (n) 6.3 (1) 25.0 (2) 
 ( ) % (n) 3.3 (2) 25.0 (5) 
 ( ) % (n) 12.5 (1) 
 ( ) % (n) 6.3 (1) 6.3 (2) 
 ( ) % (n) 3.3 (2) 12.5 (3) 3.1 (1) 
  % (n) 0.9 (1) 
  % (n) 6.3 (1) 
  % (n) 69.6 (37) 75.0 (19) 81.3 (22) 
  % (n) 12.5 (2) 

% (n)  
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Fig. 2-1-1  
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1988 1995 2007

53.1-83.1% (Table 2-1-11) (Table 2-1-4)

2007

 

 

 

Table 2-1-11  

 1988 1995 2007 
 (mg/kg/ ) 300 

 6-18  7-15  
 10 4 4 
 51 24 28 

  % (n) 68.9 (38) 53.1 (13) 83.1 (22) 
  % (n) 16.9 (11) 14.6 (3) 37.5 (9) 
  % (n) 2.5 (1) 
  % (n) 13.5 (7) 21.9 (4) 
  % (n) 3.1 (1) 5.6 (2) 
  % (n) 2.5 (1) 12.5 (3) 6.3 (2) 
  % (n) 0.9 (1)  
  % (n) 10.8 (5) 11.5 (3) 9.4 (3) 
  % (n) 9.1 (4)  
  % (n) 9.6 (5)  
  % (n) 4.2 (4) 4.2 (1) 25.0 (2) 
  % (n) 3.3 (1) 7.3 (2) 29.4 (10) 
  % (n) 4.2 (1) 3.1 (1) 
  % (n) 3.1 (1) 
  % (n) 9.4 (3) 
  % (n) 39.6 (20) 16.7 (4) 41.3 (10) 
  % (n) 1.7 (1)  
  % (n) 4.8 (2)  
  % (n) 4.2 (1)  
  % (n) 5.6 (2) 
  % (n) 0.9 (1)  
  % (n) 0.9 (1) 4.2 (1)  
  % (n) 1.7 (1) 3.1 (1)  
  % (n) 4.2 (1)  

  % (n) 2.2 (2)  

% (n)  
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1988 1995 2007

39.8%-73.1% (Table 2-1-12) (Table 2-1-5)

 

 

 

Table 2-1-12  

 1988 1995 2007 
 (mg/kg/ ) 300 

 6-18  7-15  
 10 4 4 
 51 24 28 

  % (n) 39.8 (14) 49.0 (12) 73.1 (18) 
  % (n) 39.8 (14) 42.7 (11) 70.6 (17) 
  % (n) 1.7 (1) 12.5 (3) 11.9 (4) 

  % (n) 6.3 (1)  

% (n)  
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1988 1995 2007

62.1-94.4% (Table 2-1-13) (Table 2-1-6)

(Fig. 2-1-2)

(Fig. 2-1-2)

2007 1988 1995

2007

2000 IFTS Version 1 (Horimoto 1998 )
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Table 2-1-13  
 1988 1995 2007 

 (mg/kg/ ) 300 
 6-18  7-15  

 10 4 4 
 51 23 28 

  % (n) 62.1 (31) 72.9 (16) 94.4 (26) 
  % (n) 3.1 (1) 
  % (n) 51.3 (14) 
  % (n) 2.5 (1) 16.7 (3) 15.6 (2) 
  % (n) 3.1 (1) 
  % (n) 7.5 (3)  
  % (n) 43.1 (8) 
  % (n) 3.1 (1) 
  % (n) 43.8 (8) 
  % (n) 5.0 (2)  
  % (n) 6.0 (4) 7.1 (2)  
  % (n) 25.0 (2) 
  % (n) 1.0 (1)  
  % (n) 14.3 (4)  
  % (n) 30.3 (11) 46.4(9) 23.8 (9) 
  % (n) 26.7 (18) 11.3 (3) 39.4 (7) 
  % (n) 2.0 (1)  
  % (n) 12.5 (4) 
  % (n) 15.6 (2) 
  % (n) 5.0 (2) 12.5 (2) 33.1 (8) 
  % (n) 12.5 (1) 
  % (n) 25.0 (2) 
  % (n) 8.3 (1) 25.0 (2) 
  % (n) 3.1 (1) 
  % (n) 8.3(1) 25.0 (2) 
  % (n) 12.5 (1) 
 ( ) % (n) 17.3 (8) 33.3 (6) 68.8 (17) 
 ( ) % (n) 8.3 (1) 25.0 (2) 
 ( ) % (n) 4.2 (1)  
 ( ) % (n) 4.2 (1)  
 ( ) % (n) 8.3 (1) 3.1 (1) 

% (n)  
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Fig. 2-1-2  
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1988 1995 2007

28.8-43.5% (Table 2-1-14)

26.86-37.89% (Table 2-1-7)

(Tables 2-1-7

14)

 

 

 

Table 2-1-14  

 1988 1995 2007 
 (mg/kg/ ) 300 

 6-18  7-15  
 10 4 4 
 51 23 28 

  % (n) 33.6 (25) 43.5 (10) 28.8 (10) 
  % (n) 10.7 (3) 2.5 (1) 
  % (n) 33.6 (25) 32.7 (7) NE 
  % (n) NE NE 23.1 (8) 
  % (n) 11.3 (3) 3.1 (1) 
  % (n) 4.2 (1)  
  % (n) 2.5 (1) 
  % (n) 4.4 (4) – 

% (n)  
NE:  (2000 ) 
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2007

( ) ( )

( ) 1988 1995

3 2007

1988 1995

2007 (

)

JW

300 mg/kg

72.8% (44 32 8-15 ) (Ikeda 1965

) 65.7% (35 23 6-18 Matsubara

1983 ) 92.3% (52 48 JW-NIBS

6-18 Matsubara 1983 ) 3

3 11.3-66.3% 0.0-28.1%

(Matsubara 1983 ) JW

51.4% ( ) 28.6% ( )

JW-NIBS 9.6% 34.6% Kbl:JW JW

JW-NIBS

JW

Kbl:JW
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2-1-4  

 

20 (1990~2010 ) Kbl:JW

1988 1995 2007 Kbl:JW

3

3 Kbl:JW
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2-2 Kbl:JW Kbl:NZW  

 

 

NZW NZW

JW

 

 

2-2-1  

 

NZW JW

 (Somers 1962 Seller  1962 Dekker

Mehrizi 1964 Fabro Smith 1966 Ikeda 1965 Sterz 1987 Staples

Holtkamp 1963 Hay 1964 Ingalls 1964 ) NZW

JW

Kbl:JW

 

(Fraser Fainstat 1951 ) A (Nolen 1969 )

(Watanabe Endo 1989 )

(Collins 2006 )

NZW NZW (Sawin 1965 )

JW( ) JW-NIBS (

) (Matsubara 1983 )
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NZW JW

 

2 (Kbl:JW Kbl:NZW) (EFD Embryo-Fetal 

Development study) 2 7-8

9-10 11-12 (SP Sensitive Period study)
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2-2-2  

 

 

Kbl:JW Kbl:NZW

0

16-18 1 2  

20-26

40-80 1 8-25 (12 ) 7:00-19:00( )

(LRC4

)  

 

 

( 98.0% ) 0.5 

w/v% 1 1 6

0.5 w/v%

 

 

 

1988 1995 6-18 7-15 300 mg/kg

(Table 2-1-10 13) EFD Kbl:JW Kbl:NZW 300 

mg/kg  

SP Kbl:JW 50 150 300 mg/kg

Kbl:NZW 150 300 mg/kg EFD 300 mg/kg

Kbl:JW 50 100 150 mg/kg EFD



 

48 
 

 ( 8.3 3.1 36.0% )

50 150 mg/kg Kbl:JW SP 50 mg/kg

Kbl:NZW SP 50 mg/kg

EFD 7-15 SP

7-8 9-10 11-12  

 

 

28

( )

10 vol%

95 

vol% Dawson (Dawson 1926 ) S

 

 

 

( 0.5 mL)

( 7 9 11 ) 0.5 1 2 4 8 24

3-5

UV

(60 μL) 10 μL

( 10 μL )

150 μL 30 10 1,500 rpm 5

100 μL 300 L 0.01 mol/L

 (pH 5.4) 100 L HPLC L (4.6 x 250 



 

49 
 

mm, I.D., CERI) 0.01 mol/L  (pH 5.4)-  (75:25, v/v)

1.0 mL 40

9 0.05 g/mL 60 g/mL

0.05 20 g/mL  

 

 

 

 

 

EFD Kbl:JW Kbl:NZW

(2 )  

SP 1

[Kbl:JW SP 1 2-4 ( 7-8 ) 5-7 ( 9-10

) 8-10 ( 11-12 ) Kbl:NZW SP 1 2-3 ( 7-8

) 4-5 ( 9-10 ) 6-7 ( 11-12 ) ]  

Fisher (Siegel 1956 )

 

1 Shirley-Williams

(Shirley 1977 Williams 1986 )

Shirley-Williams

Steel (Steel 1959 )  

( )

Bartlett (Snedecor Cochran 1980 )
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Williams (Williams 1972 )

Williams Dunnett (Dunnett 1955 )

Shirley-Williams

(Shirley 1977 Williams 1986 )

Shirley-Williams

Steel (Steel 1959 ) Bartlett 5 %

Williams Shirley-Williams 5% 5 % 1 %

Dunnett Steel Williams Shirley-Williams SAS

PROBMC (SAS Institute Inc. 1996 )
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2-2-3  

 

 

EFD SP

( ) SP 7-8 300 mg/kg Kbl:JW

Kbl:NZW 0 3 (Table 2-2-2) SP

EFD

1 (Table 2-2-1) SP

 

 

 

EFD

Kbl:NZW Kbl:JW (Table 2-2-1) SP

7-8 300 mg/kg Kbl:NZW 9-10

11-12  (Table 2-2-2)  

 

Table 2-2-1 EFD  
 Kbl:JW Kbl:NZW 

 † ‡   
 (mg/kg/ ) 0 300 0 300 

 5 6 5 2 7 
 0 1 0 1 
( ) 39 55 28 19 20 

 (%)§ 4.5 10.4 31.0±19.8 9.1±12.9 60.5±23.7 
     

§ 0.0 0.0±0.0 0.0±0.0 0.0±0.0 
§ 0.2 0.8 2.0±0.8 0.5±0.7 4.3±1.9 
§ 0.0 0.4 0.5±0.6 0.5±0.7 0.3±0.5 

( )§ 7.2 9.2 7.0±3.5 9.5±0.7 3.3±2.5 

EFD † 5 EFD  
‡ 2 2-1 2007 § Kbl:JW ( ) ±  
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Table 2-2-2 SP  
 Kbl:JW Kbl:NZW 

     
 (mg/kg/ ) 0 50 150 300 0 150 300 

 7 12  7 8  7 12  7 8  
 5 5 5 5 6 5 8 
 0 0 0 0 1 0 3 
 0 0 0 0 1 0 0 
( ) 39 35 37 40 42 39 31 

 (%)§ 4.7±6.5 7.8±8.3 17.2±15.5 17.9±23.7 2.5 5.0 12.7 19.9 35.0 30.4 
        

§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
§ 0.4±0.5 0.4±0.9 1.0±1.0 1.2±1.3 0.3±0.5 0.8±1.3 3.2±3.7 
§ 0.0±0.0 0.4±0.5 0.2±0.4 0.4±0.9 0.0±0.0 0.6±0.9 0.2±0.4 

( )§ 7.8±0.8 7.0±2.9 7.4±3.0 8.0±3.1 10.5 2.4 7.8 2.7 6.2 3.3 
 7 12  9 10  7 12  9 10  

 5 4 4 5 6 4 5 
 0 0 0 0 1 0 0 
 0 0 0 0 1 0 0 
( ) 39 30 26 34 42 31 40 

 (%)§ 4.7±6.5 0.0±0.0 5.6±6.6 7.1±6.7 2.5 5.0 6.3 12.5 15.8 11.4 
        

§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
§ 0.4±0.5 0.0±0.0 0.3±0.5 0.4±0.5 0.3±0.5 0.3±0.5 0.4±0.9 
§ 0.0±0.0 0.0±0.0 0.3±0.5 0.2±0.4 0.0±0.0 0.3±0.5 1.0±1.2 

( )§ 7.8±0.8 7.5±3.1 6.5±1.9 6.8±2.9 10.5 2.4 7.8 2.2 8.0 2.7 
 7 12  11 12  7 12  11 12  

 5 5 4 4 6 5 4 
 0 0 0 0 1 0 0 
 0 0 0 0 1 0 0 
( ) 39 46 34 34 42 48 39 

 (%)§ 4.7±6.5 7.7±7.8 0.0±0.0 6.3±7.4 2.5 5.0 4.0 5.6 15.0 19.1 
        

§ 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
§ 0.4±0.5 0.2±0.4 0.0±0.0 0.3±0.5 0.3±0.5 0.4±0.5 1.0±1.2 
§ 0.0±0.0 0.6±0.9 0.0±0.0 0.3±0.5 0.0±0.0 0.0±0.0 0.0±0.0 

( )§ 7.8±0.8 9.2±2.2 8.5±3.1 8.5±1.9 10.5 2.4 9.6 1.1 9.8 5.9 

SP § ±  
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EFD Kbl:JW

 Kbl:NZW

(Table 2-2-3) SP ( ) 7-8

Kbl:JW 150 300 mg/kg Kbl:NZW 300 mg/kg

(Table 2-2-4) EFD

SP 9-10

Kbl:JW Kbl:NZW

EFD SP

EFD SP 300 mg/kg Kbl:JW

Kbl:NZW SP

9-10 Kbl:JW EFD

SP Kbl:NZW 11-12

SP
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Table 2-2-3  – EFD  
 Kbl:JW Kbl:NZW 

 † ‡   
 (mg/kg/ ) 0 300 0 300 
 39 55 28 19 20 

 %(n) 0.0 (0) 96.9 (27) 5.0 (1) 91.7 (18) 
 %(n) – 6.3 (2) – – 

 %(n) – 12.5 (1) – – 
 %(n) – – – 16.7 (2) 

 %(n) – – – 22.2 (3) 
( ) %(n) – 66.3 (16) 5.0 (1) 35.4 (7) 

( ) %(n) – 60.0 (14) – 66.7 (13) 
( ) %(n) – 25.0 (5) – 26.4 (5) 

( ) %(n) – 3.1 (1) – 16.0 (3) 
( ) %(n) – 28.1 (3) – 37.5 (6) 

( ) %(n) – 25.0 (2) – – 
( ) %(n) – 6.3 (2) – 8.3 (1) 
( ) %(n) – 12.5 (1) – 2.1 (1) 
 %(n) – 81.3 (22) – 35.4 (5) 

 %(n) – – 5.0 (1) – 

EFD † 5 EFD  
‡ 2 2-1 2007 % (n) –  
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Table 2-2-4  – SP  
 Kbl:JW Kbl:NZW 

     
 (mg/kg/ ) 0 50 150 300 0 150 300 

 7 12  7 8  7 12  7 8  
 39 35 37 40 42 39 31 

 %(n) 2.9 (1) 0.0 (0) 12.2 (5) 16.8 (8) 0.0 (0) 3.3 (1) 40.7 (13)s 
 %(n)  2.5 (1) 2.0 (1)    

 %(n)  8.6 (4)s   25.3 (10)s 
 %(n)  7.2 (3) 6.1 (3)   2.0 (1) 

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   

 %(n) 2.9 (1) 2.5 (1)   
 %(n) 2.9 (1) 2.5 (1)   
 %(n)  2.5 (1) 2.5 (1)   

( ) %(n)    6.7 (1) 
 %(n)   3.3 (1) 
 %(n)   3.3 (1) 

 %(n)   3.3 (1) 
 %(n) 2.9 (1) 2.5 (1)   

 %(n)  2.5 (1)   6.7 (1) 
 7 12  9 10  7 12  9 10  

 39 30 26 34 42 31 40 
 %(n) 2.9 (1) 16.7 (2) 51.3 (11)s 83.3 (27)s 0.0 (0) 8.3 (2) 17.8 (7) 

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   

( ) %(n)  8.6 (2) 51.1 (14)s   5.6 (2) 
( ) %(n)    11.7 (4) 

( ) %(n)  53.3 (15)s   6.7 (2) 
( ) %(n)  8.3 (1) 8.6 (2) 26.7 (4)  8.3 (2) 

( ) %(n)  20.0 (4) 16.1 (7)s   4.4 (2) 
 %(n) 2.9 (1) 8.3 (1) 27.8 (6) 76.1 (24)s   10.6 (4)s 

 %(n)  8.3 (1) 5.0 (1)   
 7 12  11 12  7 12  11 12  

 39 46 34 34 42 48 39 
 %(n) 2.9 (1) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   

 %(n) 2.9 (1)   

SP % (n) –  
s (p 0.05 Shirley-Williams )  
 



 

56 
 

 

EFD

(Table 2-2-5)

Kbl:NZW Kbl:JW

Kbl:JW Kbl:NZW

Kbl:NZW SP

7-8 (Table 2-2-6) 150 mg/kg

Kbl:JW Kbl:NZW

(Table 2-2-5 6)

Kbl:NZW Kbl:JW

Kbl:NZW 7-8 9-10 SP 150 300 

mg/kg

Kbl:JW 50 mg/kg  
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Table 2-2-5  – EFD  
 Kbl:JW Kbl:NZW 

 † ‡   
 (mg/kg/ ) 0 300 0 300 
 39 55 28 19 20 

 %(n) 0.0–1.9 (1) 83.1 (22) 30.0 (6) 95.8 (19) 
 %(n) – 37.5 (9) – 28.5 (5) 
 %(n) – 2.5 (1) – 13.9 (2) 

 %(n) 0.0–1.9 (1) 21.9 (4) – 4.2 (1) 
 %(n) – 5.6 (2) – – 

 %(n) – 6.3 (2) – 4.2 (1) 
 %(n) – 9.4 (3) – 4.2 (1) 

 %(n) – 25.0 (2) – – 
 %(n) – 29.4 (10) 30.0 (6) 77.1 (15) 

 %(n) 0.0–1.9 (1) 3.1 (1) – 20.8 (2) 
 %(n) – 3.1 (1) – – 

 %(n) 0.0–1.9 (1) 9.4 (3) – 27.1 (5) 
 %(n) – – – 50.7 (9) 

 %(n) – 41.3 (10) – 22.9 (5) 
 %(n)  5.6 (2) – 4.2 (1) 

 %(n) 0.0 (0) 73.1 (18) 0.0 (0) 29.2 (8) 
 %(n) – 70.6 (17) – 25.0 (7) 
 %(n) – 11.9 (4) – 6.3 (2) 

EFD † 5 EFD  
‡ 2 2-1 2007 % (n)  
–  
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Table 2-2-6  – SP  
 Kbl:JW Kbl:NZW 

     
 (mg/kg/ ) 0 50 150 300 0 150 300 

 7 12 7 8  7 12  7 8  
 39 35 37 40 42 39 31 

 %(n) 2.9 (1) 19.4 (6)s 61.5 (23)s 62.5 (25)s 3.1 (1) 54.0 (19)s 67.1 (21)s 
 %(n)  12.9 (3) 48.6 (19)s 43.7 (20)s 3.1 (1) 11.0 (4) 27.1 (11) 
 %(n)  1.8 (1) 1.8 (1)   3.3 (1) 

 %(n)  5.5 (3)   
 %(n)  3.6 (2)   

 %(n)  1.8 (1)   
 %(n)  2.0 (1) 4.4 (2) -  11.1 (5) 13.3 (2) 

 %(n)  1.8 (1)   
 %(n)  2.0 (1) 6.7 (1) 12.1 (4)  29.6 (8)s 38.0 (12)s 

 %(n)   4.0 (2) 2.2 (1) 
 %(n) 2.9 (1)   

 %(n)   4.0 (2) 2.2 (1) 
 %(n)  1.8 (1)   
 %(n)  2.5 (1)   
 %(n)  6.7 (1)  3.3 (1) 6.7 (1) 

 %(n)    6.7 (1) 
 %(n) 2.9 (1) 0.0 (0) 1.8 (1) 9.8 (5) 0.0 (0) 5.3 (2) 34.2 (8)s 

 %(n) 2.9 (1) 1.8 (1)   
 %(n) 2.9 (1) 6.1 (3)  5.3 (2) 34.2 (8)s 
 %(n)    3.6 (2)    

 7 12 9 10  7 12  9 10  
 39 30 26 34 42 31 40 

 %(n) 2.9 (1) 0.0 (0) 6.3 (2) 5.6 (2) 3.1 (1) 8.3 (2) 17.7 (6) 
 %(n)  3.1 (1)  

 %(n)   4.2 (1) 2.5 (1) 
 %(n)  2.8 (1) 5.6 (2)  4.2 (1) 8.0 (2) 

 %(n) 2.9 (1)   
 %(n)    9.0 (3)s 

 %(n)  3.6 (1)   
 %(n)    2.2 (1) 

 %(n) 2.9 (1) 0.0 (0) 0.0 (0) 18.9 (5) 0.0 (0) 25.6 (7) 16.3 (5) 
 %(n) 2.9 (1) 16.7 (4)  3.6 (1) 6.7 (2) 
 %(n) 2.9 (1)  22.0 (6) 9.7 (3) 
 %(n)  6.7 (3)   

 7 12 11 12  7 12  11 12  
 39 46 34 34 42 48 39 

 %(n) 2.9 (1) 0.0 (0) 15.3 (3) 2.5 (1) 3.1 (1) 12.2 (6) 25.0 (12) 
 %(n)   2.5 (1) 
 %(n)  3.1 (1)  

 %(n) 2.9 (1)   
 %(n)  15.3 (3) 2.5 (1)  9.7 (5) 25.0 (12)s 

 %(n) 2.9 (1) 3.3 (1) 0.0 (0) 2.5 (1) 0.0 (0) 4.3 (2) 4.5 (2) 
 %(n) 2.9 (1) 3.3 (1)   
 %(n) 2.9 (1) 2.5 (1)  4.3 (2) 4.5 (2) 

SP % (n) –  
s (p 0.05 Shirley-Williams )  
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EFD

(Table 2-2-7) SP

7-8 150 mg/kg

Kbl:JW Kbl:NZW (Table 2-2-8) EFD

SP

9-10 EFD Kbl:JW

( ) ( )

Kbl:NZW SP

Kbl:JW Kbl:NZW

EFD SP 300 mg/kg

Kbl:JW Kbl:NZW EFD

SP 9-10 EFD SP

Kbl:JW Kbl:NZW 11-12

Kbl:JW 7-8 150 300 

mg/kg
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Table 2-2-7  – EFD  
 Kbl:JW Kbl:NZW 

 † ‡   
 (mg/kg/ ) 0 300 0 300 
 39 55 28 19 20 

 %(n) 0.0–4.8 (3) 94.4 (26) 0.0 (0) 100.0 (20) 
 %(n) – 51.3 (14) – 45.1 (8) 
 %(n) – 15.6 (2) – 16.7 (2) 

 %(n) – 3.1 (1) – – 
 %(n) 0.0–3.2 (2) – – – 
 %(n) – 43.1(8) – 22.2 (3) 
 %(n) – 3.1 (1) – 10.4 (2) 

 %(n) – 3.1 (1) – – 
 %(n) – 43.8 (8) – – 

 %(n) – – – 18.1 (3) 
 %(n) 0.0–1.9 (1) – – 22.2 (3) 

 %(n) 0.0–1.7 (1) – – – 
 %(n) 0.0–2.8 (1) – – – 

 %(n) – 15.6 (2) – 16.7 (2) 
 %(n) – 33.1 (8) – 14.6 (4) 

 %(n) – 12.5 (1) – – 
 %(n) – 25.0 (2) – 8.3 (1) 

 %(n) – 25.0 (2) – 41.7 (6) 
 %(n) – 3.1 (1) – 4.2 (1) 
 %(n) – 25.0 (2) – 8.3 (1) 
 %(n) – 12.5 (1) – 8.3 (1) 

( ) %(n) – 68.8 (17) – 66.7 (12) 
( ) %(n) – 25.0 (2) – 16.7 (2) 

( ) %(n) – – – 5.6 (1) 
( ) %(n) – 3.1 (1) – – 
 %(n) – 25.0 (2) – – 

 %(n) – 23.8 (9) – – 
 %(n) – 39.4 (7) – 39.6 (8) 

 %(n) – 12.5 (4) – 2.1 (1) 

EFD † 5 EFD  
‡ 2 2-1 2007 % (n) –  
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Table 2-2-8  – SP  
 Kbl:JW Kbl:NZW 

     
 (mg/kg/ ) 0 50 150 300 0 150 300 

 7 12 7 8  7 12  7 8  
 39 35 37 40 42 39 31 

 %(n) 2.9 (1) 10.5 (4) 57.7 (22)s 51.2 (19)s 2.1 (1) 15.7 (5) 54.4 (19)s 
 %(n)  2.1 (1)  
 %(n)  4.0 (1) 29.6 (12)s 28.5 (10)s   7.8 (3) 

 %(n) 2.9 (1) 17.3 (6) 5.5 (3)  5.0 (1) – 
 %(n)  12.4 (5)s 6.8 (3)s  – 4.0 (2) 
 %(n)  6.3 (3)s  – 25.3 (10)s 

 %(n)  2.5 (1)   
 %(n) 2.9 (1) 5.2 (2)  2.0 (1) 2.0 (1) 

 %(n)  4.0 (1) 2.5 (1)  5.0 (1) 2.0 (1) 
 %(n)  5.0 (2) 8.0 (4)   

 %(n)   5.0 (1) 
 %(n)   3.3 (1) 

 %(n)  4.0 (2)  2.0 (1) 
 %(n)  2.5 (1)   

 %(n) 2.9 (1)   
 %(n)   3.3 (1) 

 %(n)  6.7 (1)   
 %(n)   3.3 (1) 
 %(n)   3.3 (1) 6.7 (1) 

 %(n)  2.5 (1) 3.6 (2)   
 %(n)    6.7 (1) 

 7 12 9 10  7 12  9 10  
 39 30 26 34 42 31 40 

 %(n) 2.9 (1) 27.8 (6)s 39.8 (10)s 70.6 (22)s 2.1 (1) 14.2 (4) 24.4 (10) 
 %(n)  7.8 (3)   
 %(n)  2.1 (1) 3.6 (1) 

 %(n) 2.9 (1)   
 %(n) 2.9 (1)   3.3 (1) 

 %(n)    2.2 (1) 
 %(n)  5.3 (2) 4.4 (2)   

 %(n)    1.7 (1) 
 %(n)    1.7 (1) 
 %(n)  2.2 (1)   

 %(n)  23.3 (6)s   
 %(n)  36.7 (9)s   
 %(n) 2.9 (1)   6.7 (2) 
 %(n)    7.2 (3)s 
 %(n)  2.2 (1)   
 %(n)    3.3 (1) 

( ) %(n)  8.6 (2) 54.4 (15)s  8.3 (2) 6.7 (2) 
( ) %(n)  10.0 (2) 4.7 (2)   

 %(n)  3.3 (1)   2.2 (1) 
 %(n)  11.5 (2) 23.6 (7)s   

 %(n)  24.9 (6)s 8.9 (3)s  2.3 (1) 1.7 (1) 
 %(n)  11.1 (2) 12.7 (4) 4.4 (2)   3.3 (2) 

 7 12 11 12  7 12  11 12  
 39 46 34 34 42 48 39 

 %(n) 2.9 (1) 0.0 (0) 0.0 (0) 2.5 (1) 2.1 (1) 0.0 (0) 0.0 (0) 
 %(n) 2.9 (1)   

 %(n)  2.1 (1)  
 %(n) 2.9 (1) 2.5 (1)   

 %(n) 2.9 (1)   

SP % (n) –  
s (p 0.05 Shirley-Williams )  
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EFD

(Table 2-2-9) SP Kbl:NZW 9-10

(Table 2-2-10)

 

 

 

Table 2-2-9  – EFD  
 Kbl:JW Kbl:NZW 

 † ‡   
 (mg/kg/ ) 0 300 0 300 
 39 55 28 19 20 

 %(n) 22.0 (10)–41.3 (20) 28.8 (10) 78.3 (15) 79.2 (16) 
 %(n) 2.5 (1)–21.5 (10) 2.5 (1) – – 

 %(n) 3.7 (2)–12.1 (6) – 57.8 (11) 66.7 (14) 
 %(n) 12.9 (5)–16.0 (9) 23.1 (8) 20.6 (4) 18.1 (3) 

 %(n) 0.0–2.4 (1) 3.1 (1) – 2.1 (1) 
 %(n) – 2.5 (1) – 4.2 (1) 

 %(n) 0.0–2.8 (1) – – – 
 %(n) 0.0–12.5 (5) – – 11.1 (2) 

EFD † 5 EFD  
‡ 2 2-1 2007 % (n) –  
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Table 2-2-10  – SP  
 Kbl:JW Kbl:NZW 

     
 (mg/kg/ ) 0 50 150 300 0 150 300 

 7 12 7 8  7 12  7 8  
 39 35 37 40 42 39 31 

 %(n) 18.2 (7) 28.7 (10) 56.7 (21) 21.4 (11) 81.9 (35) 84.9 (33) 100.0 (31)s
 %(n)  2.2 (1)   

 %(n)  4.0 (1) 3.3 (1) 2.0 (1) 3.1 (1) 8.0 (4) 
 %(n) 5.4 (2) 6.0 (3) 27.0 (10) 11.8 (6) 63.1 (27) 67.8 (25) 82.2 (26) 
 %(n) 12.9 (5) 18.7 (6) 27.0 (12) 7.8 (4) 22.5 (10) 26.4 (12) 25.3 (8) 

 %(n)  2.0 (1) 9.2 (2) 1.8 (1)  7.2 (2) 6.7 (1) 
 %(n)   2.0 (1) 

 %(n)  25.2 (9) 7.5 (4) 42.4 (17) 39.6 (13) 53.8 (19) 
 %(n)  2.2 (1) 2.5 (1) 5.2 (2) 2.0 (1) 

 7 12 9 10  7 12  9 10  
 39 30 26 34 42 31 40 

 %(n) 18.2 (7) 37.2 (10) 29.1 (7) 20.0 (5) 81.9 (35) 38.1 (12)s 28.3 (13)s 
 %(n)  13.9 (3) 12.2 (2) 3.1 (1) 7.1 (2) 2.5 (1) 

 %(n) 5.4 (2) 5.0 (1) 63.1 (27) 10.4 (4)s 9.7 (5)s 
 %(n) 12.9 (5) 24.1 (6) 3.3 (1) 22.5 (10) 19.3 (6) 15.0 (7) 

 %(n)  24.2 (5)   
 %(n)  2.5 (1) 4.4 (2)  3.6 (1) 
 %(n)  5.0 (2)   

 %(n)    4.4 (2) 
 %(n)  42.4 (17)  
 %(n)  5.2 (2)  

 7 12 11 12  7 12  11 12  
 39 46 34 34 42 48 39 

 %(n) 18.2 (7) 21.1 (10) 11.8 (3) 9.8 (3) 81.9 (35) 56.5 (26) 53.4 (25) 
 %(n)  3.3 (2) 4.2 (1) 3.1 (1) 2.0 (1) 3.1 (1) 

 %(n) 5.4 (2) 4.4 (2) 63.1 (27) 28.8 (13) 43.5 (20) 
 %(n) 12.9 (5) 15.6 (7) 11.8 (3) 5.6 (2) 22.5 (10) 28.2 (13) 12.7 (7) 

 %(n)  1.7 (1)   
 %(n)  42.4 (17) 4.4 (2) 24.9 (12) 
 %(n)  5.2 (2)  

SP % (n) –  
s (p 0.05 Shirley-Williams )  
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Cmax ( ) AUC0-24h ( 24

)

Kbl:JW 150 mg/kg Tmax (

) (Table 2-2-11 Fig. 2-2-1) Kbl:JW Kbl:NZW

Tmax Cmax AUC0-24h

 

Cmax AUC0-24h

 

 

  

Table 2-2-11 SP  

 Kbl:JW Kbl:NZW 
 (mg/kg/ ) 50 150 300 150 300 

  4 4 4 4 5 
7  Tmax (hr) § 4.3 2.9 8.0 0.0 8.0 0.0 8.0 0.0 6.6 3.1 

 Cmax ( g/mL) § 5.65 1.46 13.90 3.60 16.76 3.25 13.21 3.37 16.59 2.39 
 AUC0-24h ( g·hr/mL) § 73.8 14.4 210.9 63.1 284.8 25.7 191.7 34.5 307.4 25.3 
  3 4 4 3 4 

9  Tmax (hr) § 4.7 3.1 7.0 2.0 7.0 2.0 8.0 0.0 6.3 3.5 
 Cmax ( g/mL) § 5.82 0.75 12.14 0.69 17.74 2.36 13.65 2.64 16.15 2.46 
 AUC0-24h ( g·hr/mL) § 82.8 6.5 189.7 9.3 313.7 46.3 195.5 21.9 304.1 16.0 
  4 4 3 4 3 

11  Tmax (hr) § 6.0 2.3 8.0 0.0 13.3 9.2 8.0 0.0 8.0 0.0 
 Cmax ( g/mL) § 5.45 0.47 11.36 1.79 12.68 1.20 12.81 2.38 18.76 0.36 
 AUC0-24h ( g·h/mL) § 77.6 8.0 164.1 24.6 269.2 7.9 182.8 32.7 312.3 32.1 

SP § ±  
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Fig. 2-2-1 SP  
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2-2-4  

 

 

EFD Kbl:NZW Kbl:JW

SP Kbl:NZW 7-8 300 mg/kg Kbl:JW

Kbl:NZW

Kbl:JW  

 

 

EFD

SP

 

 

 

EFD SP Kbl:JW

300 

mg/kg 6-18 JW ( )

( ) 51.8%(18/35 )

( ) 28.6%(10/35 ) (Matsubara 1983

) EFD Kbl:JW

Christian 180 mg/kg

7-19 Hra:(NZW) ( ) 142 13

( ) 142 11 8 22

(Christian 2007 )

EFD Kbl:NZW JW NZW
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( )

 

 

 

EFD SP

Kbl:JW Kbl:NZW

Kbl:JW Kbl:JW Kbl:NZW

JW

NZW 300 mg/kg

8-15 JW ( ) 18.2%(8/44 )

(Ikeda 1965 ) NZW 180 mg/kg

7-19 Hra:(NZW) 142 69

53 54 (Christian 2007 )

JW NZW

 

 

 

EFD SP Kbl:NZW

Kbl:JW Kbl:JW 20

1 2 (Table 2-1-4

5) EFD Kbl:NZW 19 6

Hsdlf:NZW E7115 ( ) EFD

156 3 148 1 (Okuda 1999

) Okuda

Hra:(NZW)
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EFD 200 2 (Christian 2007 ) NZW

JW

EFD Kbl:JW Kbl:NZW

SP  

 

 

EFD Kbl:NZW Kbl:JW

SP Kbl:NZW 7-8 9-10

50 150 mg/kg EFD ( )

180 mg/kg 7-19 Hra:(NZW) 142

14 (Christian 2007 )

NZW  

 

 

EFD Kbl:NZW Kbl:JW

SP Kbl:JW

200 mg/kg 8-11

(Sterz 1987 )

Kbl:NZW  

 

 

EFD Kbl:JW

SP EFD
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Kbl:NZW EFD

SP 300 mg/kg 7-8 SP Kbl:JW

150 mg/kg

 

SP Kbl:JW 150 mg/kg 7-8

300 mg/kg 9-10

Kbl:NZW

SP EFD

 

SP Kbl:NZW 9-10

Kbl:NZW EFD Kbl:JW

 

 

 

(Ronald 

2006 ) 9-10

10.5-11.0  

(Ronald 2006 ) Fgf8 Fgf10

Twist 10

(Hansen 2002 ) 10

9-10

7-12 10.5
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15 (Ronald 2006 )

 

Sivaraman

JW NZW (Sivaraman 2008

)

 

 

 

JW NZW  

NZW

(Sawin 1965 ) NZW

Kbl:JW Kbl:NZW NZW

Kbl:JW Kbl:NZW

NZW

JW NZW

( 2007 ) Kbl:JW

Kbl:NZW  
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2-2-5  

 

NZW :JW

Kbl:JW
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3  

 

3-1 Kbl:JW Fgf8 Bmp4 Hoxa11  

 

Kbl:JW 3 (Fgf8 Bmp4 Hoxa11)

 

 

3-1-1  

( )

NZW

Fgf8 Fgf10 Twist 1 (Hansen 2002

) Fgf8 (Ito 2010 ) Fgf8 Fgf10 Bmp4

Bmp5 Bmp7 Dkk1 Irs2 Tbx5 Sall4 (Ito 2010 Knobloch

2007 2008 2011 Knobloch Ruther 2008 ) 

JW

Kbl:NZW Kbl:JW 3

(Fgf8 Bmp4 Hoxa11)  

Fgf8 AER AER

(Fig. 3-1-1 A B) Fgf8

NZW 10

AER 12

WISH (Hansen 2002 ) Fgf8

(Knobloch 2011
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Ito 2010 )  

Bmp (Bmp2 Bmp4 Bmp7) AER AER

(Fig. 3-1-1 A B) Bmp

Bmp4 WISH

(Knobloch 2007 )  

Hoxa11 (Small Potter 

1993 ) Hoxa11 Hoxd11

(Davis 1995 ) Hox

Kbl:JW

Hoxa11 Hoxa11

Hoxd11

(Nelson 1996 )

Hoxd11 Hoxa11

(Kamiyama 2012 )

Hoxa11 (Fig. 3-1-2 A B)  

JW
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Fig. 3-1-1 Fgf Bmp  

   

 

A: Fgf10

Bmp (Bmp2 Bmp4 Bmp7) Msx2 (AER)

AER Fgf4 Fgf8  

 

B: AER Fgf4 Fgf8

AER Bmp Fgf

AER  

A B 
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Fig. 3-1-2 Hoxa10-13 Hoxd10-13  

 

 

 

 

 

 

 

 

Hoxa10 Hoxd10 Hoxa11 Hoxd11 Hoxd12  

Hoxa13 (
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B

A
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3-1-2  

 

 

Kbl:JW 1 1

0

20-26 40-80 1 6-25

(12 ) 7:00-19:00( ) (LRC4

)  

 

 

( 98.0% ) 0.5 

w/v% 1 1

10 9 300 mg/kg

11 9 10 300 mg/kg 12 9

10 300 500 mg/kg Kbl:JW 300 mg/kg 9 10

(14/34 ) (Table 

2-2-4) 300 mg/kg 12 Fgf8

500 mg/kg  

 

 

10 11 12 (0.5 g )

4 % PBS

WISH -20  
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RNA  

Fgf8 Bmp4 RNA (antisense RNA) ( )

Hoxa11 RNA ( ) Digoxygenin RNA dig-RNA

Fgf8 Fischer cDNA 

(Accession No. AF474181) 174–763 590 bp (Fischer 2002 )

Bmp4 Hopf cDNA (Accession No. 

NM_001195723.1) 689-1181 493 bp (Hopf 2011 ) Hoxa11

cDNA (Accession No. 001171404.1) 236-504 269 bp

 

 

Whole mount in situ hybridization 

Dig RNA WISH Cold Spring Harbor Protocol 

(Püschel 2010 ) 70  

 

 

( )(Fig. 3-1-3 A) AER

Fgf8 (Fig. 3-1-3 B)

Hoxa11

(Fig. 3-1-3 C)  
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Fig. 3-1-3 Fgf8 Hoxa11  

 

  

A.  

B. Fgf8 ( )

 

C. Hoxa11 ( )  

( )  

 

 

(Table 3-1-1 4) F (Snedecor Cochran 

1980 ) Student

t (Snedecor Cochran 1980 ) Aspin-Welch t (Snedecor

Cochran 1980 ) (Fgi. 3-1-5 7)

(Snedecor Cochran 1980 )

F 20% 5% 1%  

 

 

A B C
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3-1-3.  

 

 

10 11 12

10 11

(Table 3-1-1) 12

 (Table 3-1-1)  

 

 

Table 3-1-1
10  11  12  

    
 3 2 3 3 7 9 

 18 16 21 22 36 39 
(mm) † 3.22±0.32 3.10±0.19 5.14±0.37 4.52±0.37** 6.29±0.35 6.27±0.37 

(mm) † 1.32±0.16 1.27±0.08 2.61±0.21 2.17±0.25** 3.41±0.30 3.41±0.26 
† 24.9±1.4 24.1±0.9* 37.4±0.9 35.6±1.3** 45.1±1.4 45.2±1.2 

WISH † ±  
* ** (* p 0.05 ** p 0.01 Student t Aspin-Welch t ) 
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Fgf8  

10 11 AER Fgf8

( )

(Table 3-1-2) 10 1 (Fig. 

3-1-4 C) 10 11

(Fig. 3-1-4 A-B E-H) 12

(Table 

3-1-2 Fig. 3-1-4 I-L)  

(

10 11 )

(Fig. 3-1-5) 11

(Fig. 3-1-5) 12 (Fig. 

3-1-5) 10 11

 

 

Table 3-1-2 Fgf8  
10  11  12  

    
 2 1 2 3 5 6 

 7 7 7 8 15 14 
(mm) † 3.37±0.37 3.13±0.22 5.18±0.46 4.69±0.36* 6.25±0.40 6.29±0.38 

(mm) † 1.39±0.19 1.29±0.09 2.68±0.26 2.27±0.22** 3.30±0.24 3.38±0.31 
† 25.9±1.3 24.6±0.8* 37.6±1.1 36.1±1.2* 44.7±1.5 44.9±1.3 

(mm) 
† 0.61±0.20 0.48±0.14 0.76±0.07 0.56±0.13** 1.33±0.23 (13) 1.41±0.24 
† 0.62±0.18 0.42±0.11* 0.76±0.06 0.55±0.13** 1.34±0.23 1.39±0.23 
† 0.35 (1)  0.73±0.05 0.54±0.12** 1.16±0.15 (13) 1.25±0.15 
† 0.3 (1)  0.76±0.04 (6) 0.54±0.11** 1.17±0.15 1.24±0.15 (13)

† ± ( )  
* ** (* p 0.05 ** p 0.01 Student t Aspin-Welch t ) 
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Fig. 3-1-4 Fgf8  

 
  

   
  

 

10 Fgf8 AER 10 11

(B, F) 11 (H)

(A, E, G) 12

(I-L)  
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Fig. 3-1-5 Fgf8  
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Hoxa11  

10 Hoxa11 (Fig. 3-1-6 A-B)

11 (Table 3-1-3)

Hoxa11

(Fig. 3-1-6 C-F) 11 Hoxa11

12

12

( )

(Table 3-1-3 Fig. 3-1-6 G-J)  

12

3

(Fig. 3-1-7)

(Fig. 3-1-7) Hoxa11
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Table 3-1-3 Hoxa11
11  12  

     
 3 2 5 5 

 7  7  13  12  
(mm) † 5.03±0.29 4.42±0.41** 6.34±0.33 6.32±0.33 

(mm) † 2.55.19 2.10±0.25** 3.50±0.29 3.39±0.26 
† 37.0±0.6 35.0±1.2** 45.8±1.1 45.3±1.0 

12  
   

 13  12  
 (mm) 

† 
 0.45±0.03 0.34±0.06** 

 0.25±0.02 0.25±0.02 
 0.33±0.03 0.34±0.04 

† 
 0.44±0.04 0.35±0.06** 

 0.26±0.03 0.26±0.03 
 0.32±0.02 0.33±0.03 

† 
 0.63±0.13 0.65±0.08 

 0.46±0.05 0.44±0.05 
 0.60±0.10 0.61±0.10 

† 
 0.59±0.13 0.58±0.07 

 0.43±0.04 0.43±0.04 
 0.58±0.07 0.61±0.10 

† ± ** (p 0.01 Student t Aspin-Welch t ) 
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Fig. 3-1-6 Hoxa11  

 

 
    

 

10 Hoxa11 (A, B)

11 (C-F)

(H ) (G )

(G, H )

(I, J )

(C-F) (G-J) (G-J)

(G-J)  
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Fig. 3-1-7 12 Hoxa11  
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Bmp4  

10

11 (Table 3-1-4) 12

(Table 3-1-4) Bmp4

(Fig. 

3-1-8 A-J) Bmp4 11 12

 

 

Table 3-1-4 Bmp4
10  11  12  

       
 1 1 3 3 3 5 

 7  7  7  7  8  13  
(mm) † 3.24±0.23 3.08±0.17 5.20±0.39 4.42±0.31** 6.29±0.30 6.20±0.41 

(mm) † 1.34±0.07 1.26±0.08 2.59±0.17 2.12±0.29** 3.46±0.36 3.45±0.22 
† 24.7±1.0 23.7±0.8 37.6±0.8 35.6±1.5** 45.0±1.1 45.3±1.3 

† ± ** (p 0.01 Student t Aspin-Welch t ) 
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3-1-4  

 

 

Lee CJ 9 48

17% 71%

(Lee 2011 ) 10 11

(Fig. 3-1-4 6 8) Lee 117 

M (30.2 g/mL) 300 mg/kg 9

Cmax 17.7 g/mL (Table 2-2-11)

Lee in vitro

9 10

11 12

(D’Amato 1994 )

Hansen NZW 12

(Hansen 2002 )

(Fig. 3-1-4 I-J 6 G-H

8 G-H) (300 mg/kg 9 10 ) ( )

34 14  (Table 2-2-4)

Hansen ( 8

9 9 10 ) (400 mg/kg 300 500 mg/kg)

(NZW JW)
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Fgf8  

Hansen 400 mg/kg 8 9 NZW

Fgf8 10 12

AER (Hansen 2002 ) Fgf8

10 11 12

(Fig. 3-1-5) Fgf8

Fgf8

Hansen 10

Fgf8 12 AER

Fgf8

(Knobloch 2011 Ito 2010 )

( 9 Cmax 17.7 g/mL) (

750 g/kg)

(200 400 M 51.6 103.3 g/mL)

 

 

Hoxa11  

Hoxa11 Hoxa11

(Small Potter 1993 )

Hoxa11

Hox

 

Hoxa11 Hoxa11
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(Table 3-1-3) 9 10

(Table 2-2-8

34 6 9 )

Hoxa11  

cereblon E3

(Ito 2010 ) cereblon Hoxa11

Kbl:JW 9 10

Hoxa11 12

Hoxa11 Hoxa11 cereblon E3

cereblon Hoxa11

a-phenyl-N-tertbutylnitrone DNA

(Parman 1999 ) Hoxa11

 

 

Bmp4  

Bmp4

(Fig. 3-1-8)

Bmp4

(Knobloch 2007 )

Bmp4

Bmp4

Bmp4
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Fgf8 Bmp4 Hoxa11 Gremlin Wnt5a Hoxc11

Gremlin Wnt5a (Nissim

2006 Yamaguchi 1999 )

Hoxa11

Hoxd11

(Davis 1995 ) Hoxa11 Hoxc11 Hoxd11

 (Wellik Capecchi 2003

) Hoxc11 (Hostikka Capecchi 1998 ) Hoxa11

Hoxc11

Hox
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3-1-5  

 

Kbl:JW 3 Fgf8 Bmp4 Hoxa11

10 11

12 Fgf8 Bmp4

Hoxa11

Hoxa11

Hoxa11  
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4  

 

20 Kbl:JW

3 Kbl:JW Kbl:NZW

Kbl:JW  

 

4-1  

 

Kbl:JW 2 2-1  

20 (1990-2010 ) Kbl:JW

( 928 7270 ) 5 6

1988 1995

2007

3 20

3

Kbl:JW

 

 

Kbl:JW Kbl:NZW 2 2-2  

Kbl:JW Kbl:NZW
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7-15 EFD 7-8 9-10 11-12

SP EFD

SP

7-8 300 mg/kg/ Kbl:NZW

EFD

SP

Kbl:JW Kbl:NZW

Kbl:JW

Kbl:NZW

Kbl:NZW

Kbl:JW

 

 

Kbl:JW Fgf8 Bm4 Hoxa11  

3  

9 10 1 1

Fgf8 Bmp4 Hoxa11 mRNA WISH

 

10 11 AER

Fgf8 Fgf8

12

Fgf8 Bmp4 10 11 12
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Hoxa11 11 12

11

12

Hoxa11

Fgf Bmp

Hoxa11
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4-2  

 

Kbl:JW

Kbl:JW Kbl:NZW Kbl:JW

Kbl:JW 1988 1995

Kbl:JW Kbl:NZW (Morita 1987

Ema 2012 )

Kbl:JW

(

1991 ) International Federation of Teratology Societies Version 1 

(Horimoto 1998 )

 

Kbl:JW Kbl:NZW

Kbl:JW Kbl:NZW 9-10

Kbl:JW (Table 2-2-4

Kbl:JW 51.1% 0% Kbl:NZW 5.6% 11.7%)
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Kbl:JW Hoxa11 mRNA

mRNA

Kbl:NZW

Kbl:JW Kbl:NZW

cereblon
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