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1958-1967
204 1968-1977 122



1978-1987 88 1988-2003
98 2
1958-1967 11 5.4% 1968-1977

21 17.2% 1978-1987 1
1.1% 1988-2003 3 3.1%

1958-1967

1968-1977 5.64
1978-1987 0.22 1988-2003
0.64 10

(p<0.001)
1958-1967 14

7.3% 1968-1977 14 13.9%
1978-1987 6 6.9% 1988-2003

10 10.5%
1958-1967

1968-1977 2.18
1978-1987 1.00 1988-2003
1.25 10
(p=0.05)

1958-1967 3
1.7% 1968-1977 6 6.9%

1978-1987 2 2.5% 1988-2003
3 3.5%

1958-1967
1968-1977 4.98 1978-1987

1.48 1988-2003 2.24
10 (p=0.02)

1958-1967 16
8.3% 1968-1977 16 15.8%

1978-1987 7 8.0% 1988-2003
10 10.5%
1958-1967

1968-1977 2.24
1978-1987 1.03 1988-2003
1.06 10

(p=0.03)
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Yu-cheng
6.8% 7.4%

10



1.
.

- 17

2. Yu ML, Guo YL, Hsu CC, Rogan 
WJ. Menstruation and 
reproduction in women with 
polychlorinated biphenyl (PCB) 
poisoning: long-term follow-up 
interviews of the women from the 
Taiwan Yucheng cohort. Int J 
Epidemiol. 2000;29:672-7. 
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102(47.7)
56(26.2)
56(26.2)

   
59.4(12.2)a

  38-49 67(31.3) 
  50-59 35(16.4) 
  60-69 64(29.9) 
  70-82 48(22.4) 
   

 2.8(1.3) a

  1 24(11.2) 
  2 76(35.5) 
  3 64(29.9) 
  4-10 50(23.4) 
   

 2.3(1.0) a

  0 6(2.8) 
  1 26(12.2) 
  2 114(53.5) 
  3 46(21.6) 
  4-6 21(9.9) 
   

  1958-1967 204(39.8) 
  1968-1977 122(23.8) 
  1978-1987 88(17.2) 
  1988-2003 98(19.2) 
   

27.8(4.4)[n=512]b,c

  17-24 115(22.5) 
  25-34 358(69.9) 
  35-44 39(7.6) 

a, Mean(SD); b, Mean(SD)[n]; c,



1958-1967 1968-1977 1978-1987 1988-2003 
204 122 88 98 

     
(SD) 26.9(3.9) 27.7(4.9) 26.9(3.7) 30.9(4.0) 

     
11(5.4) 21(17.2) 1(1.1) 3(3.1) 

(90%CI) (3.1-8.8) (11.8-23.8) (0.1-5.3) (0.8-7.7) 
1(Referent) 55.64 0.22 0.64 

(90%CI) - (2.50-12.70) (0.04-1.36) (0.19-2.17) 
P - <<0.001 0.09 0.27 
     

193 101 87 95 
14(7.3) 14(13.9) 6(6.9) 10(10.5) 

(90%CI) (4.4-11.1) (8.6-20.8) (3.0-13.2) (5.8-17.2) 
1(Referent) 22.18 1 1.25 

(90%CI) - (1.02-4.66) (0.39-2.58) (0.51-3.06) 
P - 00.05 0.5 0.34 
     

179 87 81 85 
176(98.3) 81(93.1) 79(97.5) 82(96.5) 

a 3(1.7) 6(6.9) 2(2.5) 3(3.5) 
(90%CI) (0.5-4.3) (3.0-13.2) (0.4-7.6) (1.0-8.9) 

1(Referent) 44.98 1.48 2.24 
(90%CI) - (1.36-18.23) (0.29-7.59) (0.51-9.90) 
P - 00.02 0.35 0.19 
     

193 101 87 95 
a 16(8.3) 16(15.8) 7(8.0) 10(10.5) 

(90%CI) (5.3-12.3) (10.2-23.1) (3.8-14.6) (5.8-17.2) 
1(Referent) 22.24 1.03 1.06 

(90%CI) - (1.12-4.50) (0.43-2.43) (0.46-2.44) 
P - 00.03 0.48 0.45 

CI, confidence interval; a, 



42 150
 P

1958-1967 1968 (90%CI)
77 73   

5 (6.5) 15 (20.5) 7.27 
(2.14 24.67) <0.01

     
72 58   

5 (6.5) 12 (16.4) 4.82 
(1.59 14.56) <0.01

a 6 (7.8) 14 (19.2) 5.24 
(1.84 14.95) <0.01

a,    



39.1
11 46.2 % 33 59.4 %

21.7% 11 7.7% 33
16.7%



39.1 11
46.2 % 33 59.4 %

21.7%
11 7.7%

33 16.7%

2002

PCB



 60: 462-463, 1969 
 68: 139-144, 1977 
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Barbieri S, et al. Neuroepidemiology 7: 
29-37, 1988 







  2006 94

PCB PCDF
PCB

50 PCDF

PCDF

1968 4
PCB

PCDF
1) 30

PCB
PCB

PCDF

(PCDD)

Ah

PCB

1976

2)

3)

16 1984

4)

28 1996
PCB

3.0 ppb PCB 3.0
ppb PCB

41 8 19.5
40 1 2.5

5)



PCDF

2006

15 94

(chemiluminescence immunoassay
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PCB PCDF

mean S.D.
t

2006
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94 71
12 1

10 66.3 13.5 23
87 PCB

r=0.5517, P 0.001
PCB

94
PCB
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PCB

r= 0.3051, P 0.005
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r= 0.2330, P 0.05
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r= 0.1156

r= 0.1111
r= 0.1886

PCDF
200 pg/g 30
PCDF PCDF 200
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PCDF
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56.3  pg/g PCDF
PCDF 720.7 504.3  pg/g

PCDF
12.8 10.3 ng/ml
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PCDF 0.9 4.0 ng/ml
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P 0.05
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dibenzofurans inpatients with 
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significance A Review Amer J Ind 
Med 5 31-44,1984

2. Mocarelli P. Brambilla P. Gerthoux 
PM. Patterson DG Jr. Needham LL. 
Change in sex ratio with exposure 
to dioxin. Lancet 348 409, 1996. 

3. Egeland GM. Sweeney MH. 
Fingerhut MA. Wille KK. Schnorr 
TM. Halperin WE. Total serum 
testosterone and gonadotropins in 
workers exposed to dioxin. 
American Journal of Epidemiology 
139 272-81, 1994
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SS-A
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E.
1) Oakley GG. et al, Oxidative DNA 

Damage Induced by Activation of 
Polychlorinated Biphenyls (PCBs): 
Implications for PCB-Induced Oxidative 
Stress in Breast Cancer. Chem. Res. 
Toxicol., 9, 1285-1292 (1996) 

2) Shimizu k et al Lipid peroxidation is 
enhanced in Yusho victims 35 years after 
accidental poisoning of polychlorinated 
biphenyls in Nagasaki, Japan. J Appl. 
Toxicol. 2006 Dec 22; [Epub ahead of 
print] 

3) SSA/Ro
SSB/La V. D.

48
501-504, 1990. 
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  ( )
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SOD,
GPX

Catalase
240,000 H2O2
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4)

SOD
Cu,Zn-SOD

Mn-SOD
3) O2
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feed back

E.
1) Gregory G. Oakley et al, Oxidative DNA 
Damage Induced by Activation of 
Polychlorinated Biphenyls (PCBs): 

Implications for PCB-Induced Oxidative 
Stress in Breast Cancer. Chem. Res. Toxicol. 
9, 1285-1292 (1996) 
2) Shimizu k et al Lipid peroxidation is 
enhanced in Yusho victims 35 years after  
accidental poisoning of polychlorinated 
biphenyls in Nagasaki, Japan. J Appl. 
Toxicol. 2006 Dec 22; [Epub ahead of print] 
3) Shimizu K et al Serum antioxidant levels 
in Yusho victims over 30 years after the 
accidental poisoning of polychlorinated 
biphenyls in Nagasaki, Japan. Toxicol Ind 
Health 19: 37-39, 2003 
 4) 
[1] C.

(CAT) 62 11
554-556, 2004. 
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1 CK

1 CK

0

5

10

15

20

25

30

35

40

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Total

Total
n n n

1995 28 6 21.4 56 12 21.4 84 18 21.4
1996 38 10 26.3 63 12 19.0 101 22 21.8
1997 42 6 14.3 55 4 7.3 97 10 10.3
1998 37 7 18.9 68 7 10.3 105 14 13.3
1999 40 7 17.5 66 3 4.5 106 10 9.4
2000 30 3 10.0 73 9 12.3 103 12 11.7
2001 28 4 14.3 62 11 17.7 90 15 16.7
2002 42 2 4.8 79 7 8.9 121 9 7.4
2003 36 5 13.9 64 4 6.3 100 9 9.0
2004 28 6 21.4 58 7 12.1 86 13 15.1
2005 35 3 8.6 75 2 2.7 110 5 4.5

384 59 15.4 719 78 10.8 1103 137 12.4

2 PCB PCQ CK

ppm

Total0

1

2

3

4

5

6

7

8

A
ppm

Total
0

0.2

0.4

0.6

0.8

1

B



19 26.4% 14 5 10 7 2

20 27.8% 3 17 6 10 4

26 36.1% 13 13 4 9 13

7 9.7% 3 4 1 5 1

72 100.0% 33 39 21 31 20

n

2 ADL 6

3 CK ALD
A B CPK

p<0.05
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0.1

0.2

0.3
0.4

0.5

0.6
0.7

0.8
0.9

1
ppmppm

ANOVA ns

A B

4 PCB PCQ ALD

0

25

50

75

100

125

150

175

200

225
IU/l ANOVA ns

B
IU/l

0

25

50

75

100

125

150

175

200

225
ANOVA ns

A



5 ALD

A B

(n=34) (n=58) (n=41)

IU/l

0

1

2

3

4

0

1

2

3

4

(n=13) (n=10) (n=8)

IU/l ANOVA ns

A B
P<0.05

0
25
50
75

100
125
150
175
200
225
IU/l

6 CK

0
25
50
75

100
125
150
175
200
225
IU/l

(n=34) (n=58) (n=41) (n=13) (n=10) (n=8)

A B ANOVA ns

A B
P<0.05

7 PCB PCQ
A PCB B PCQ

P<0.05

0

.2

.4

.6

.8

1

1.2
ppb

0

1

2

3

4

5

6

7

8
ppb

A B



0
50

100
150
200
250
300
350
400
450
500

0

50

100

150

200

250

300
pg/g TEQ

8 2,3,4,7,8-PeCDF TEQ 
A 2,3,4,7,8-PeCDF B TEQ

P<0.05

A B

9 ALD

2

2.5

3

3.5

4

4.5

5

5.5

0 3 6 9 12 24 36 48

IU/l

3 GAD









2001 2004 PeCDF

A.

B.
B.1

B.2

B.3



B.4

C.
C.1

1-1

C.2
1-2

C.3
1-3

C.4
1-4

C.5
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.

( )

41.0

8.3pgTEQ/g-fat 33.4

3.8pgTEQ/g-fat 81%

44.0

5.49pgTEQ/g-fat 34.7

5.49pgTEQ/g-fat 79%
1, 2)

50
2,3,7,8-PeCDF 3,3',4,4',5-PeCB

3,3',4,4',5,5'-HxCB 10% (>90%)
<0.05



1

1-1.

2,3,4,7,8-PeCDF 3,3',4,4',5-PeCB

3,3',4,4',5,5'-HxCB

1-2.

1

2 -36
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25 25
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random effects model
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6 12
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 Stata Ver. 9.1 

1000 4)

3

50

2,3,7,8-PeCDF

3,3',4,4',5-PeCB 3,3',4,4',5,5'-HxCB

10%

(>90%)

<0.05

20%

15% 90%

<0.05

.



5)

6)

10 15%
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1) . unpublished data

2) .

.

5 .

2002.

3) Rabe-Hesketh S, Skrondal A. 

Multilevel and longitudinal 

modeling using Stata. Texas:Stata 

Press;2005.

4) StataCorp. Stata Statistical 

Software: Release 9.0.  College 

Station, Texas:Stata Press;2005. 

5) Senn S. Cross-over trials in clinical 

research. Chichester:Wiley;1993. 

6) Tokunaga S, Iida T, Furue M, on 

behalf of he Study Group for Yusho. 

The concepts of the new criteria for 

Yusho poisoning. J Dermat Sci. 

2005;1:S95-S104.
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245-TrCB(#29) 0.1 0.1 0.0 0.4 0.2 0.1 0.0 0.9 0.1 0.1 0.0 0.3
244'-TrCB(#28) 6.1 3.7 0.0 27.4 4.5 5.5 0.0 28.1 8.5 6.2 2.3 43.3
344'-TrCB(#37) 1.5 1.6 0.0 10.3 0.1 0.5 0.0 3.7 0.0 0.0 0.0 0.0
22'55'-TeCB(#52) 4.4 2.2 1.5 16.5 3.4 7.2 0.0 58.9 4.1 2.6 1.3 16.1
22'45'-TeCB(#49) 1.1 0.4 0.4 3.0 1.7 2.4 0.1 16.5 1.0 0.4 0.3 2.3
22'44'-TeCB(#47) 2.2 0.7 1.0 4.9 2.8 3.4 0.1 22.5 1.9 0.6 0.8 4.6
22'35'-TeCB(#44) 1.7 0.7 0.7 7.5 2.7 4.1 0.5 27.8 1.5 0.5 0.3 3.3
23'4'6-TeCB(#71) 0.8 0.4 0.0 3.8 0.1 0.4 0.0 3.3 0.6 0.2 0.0 1.2
234'5-TeCB(#63) 0.3 0.2 0.1 1.1 0.2 0.2 0.0 1.0 0.5 0.3 0.1 2.0
244'5-TeCB(#74) 35.0 33.7 0.0 200.8 31.8 35.5 0.0 180.5 63.4 36.4 12.1 235.0
23'4'5-TeCB(#70) 1.0 0.4 0.2 3.5 1.4 3.0 0.0 21.4 0.8 0.3 0.2 2.2
23'44'-TeCB(#66) 5.0 4.7 1.0 40.5 5.6 4.5 0.0 26.8 7.7 6.6 1.4 40.2
233'4'-/2344'TeCBs(#56/60) 2.4 1.9 0.4 11.5 2.2 1.8 0.0 9.9 2.9 2.6 0.5 16.2
22'35'6-PeCB(#95) 2.7 1.1 1.0 6.9 3.4 4.5 0.0 32.0 2.7 1.3 0.9 9.5
22'355'-PeCB(#92) 2.0 1.3 0.3 7.3 2.5 2.0 0.0 9.7 2.8 2.2 0.5 15.6
22'455'-PeCB(#101) 5.4 3.5 1.1 19.1 6.7 5.6 0.0 30.5 6.1 4.1 1.3 26.3
22'44'5-PeCB(#99) 55.2 53.3 2.4 320.2 75.5 74.3 5.1 413.5 40.4 22.3 10.2 120.7
234'56-PeCB(#117) 5.1 6.0 0.4 33.6 7.1 9.7 0.0 53.5 3.0 2.2 0.6 14.0
22'345'-PeCB(#87) 2.9 2.3 0.6 13.3 3.4 2.9 0.0 13.2 2.2 1.2 0.6 8.2
22'344'-PeCB(#85) 0.6 0.4 0.0 2.8 0.5 0.6 0.0 2.2 0.7 0.4 0.2 2.8
233'4'6-PeCB(#110) 1.3 0.7 0.4 3.9 2.3 2.2 0.2 14.1 1.3 0.5 0.4 2.9
233'4'5-PeCB(#107) 2.0 1.5 0.2 12.3 2.4 1.5 0.0 7.9 3.2 2.5 0.6 16.7
2'344'5-PeCB(#123) 0.8 0.7 0.0 3.6 0.8 0.7 0.0 3.8 1.5 1.1 0.2 8.0
23'44'5-PeCB(#118) 45.5 35.3 1.9 206.0 57.1 38.8 8.2 205.7 79.2 50.0 15.9 362.4
2344'5-PeCB(#114) 7.3 7.2 0.0 45.0 5.1 7.2 0.0 50.4 5.5 2.8 1.6 16.6
233'44'-PeCB(#105) 9.7 7.7 0.6 53.5 12.0 8.1 2.1 40.7 16.6 11.9 3.0 77.8
22'355'6-HxCB(#151) 3.3 2.8 0.4 21.4 4.3 4.2 0.5 31.2 4.0 2.9 0.8 18.2
22'33'56'-HxCB(#135) 1.3 0.9 0.2 5.9 1.6 1.3 0.0 8.0 1.5 0.9 0.4 6.3
22'34'56-HxCB(#147) 1.6 1.1 0.0 6.4 1.5 1.5 0.0 7.3 1.6 1.0 0.1 6.1
22'344'6-HxCB(#139) 2.5 1.9 0.3 11.4 3.5 2.3 0.3 10.9 2.6 1.5 0.4 9.5
22'33'56-HxCB(#134) 0.1 0.1 0.0 0.4 0.0 0.1 0.0 0.7 0.1 0.1 0.0 0.5
233'55'6-HxCB(#165) 32.8 34.8 0.0 204.0 4.6 20.6 0.0 130.8 0.0 0.0 0.0 0.0
22'34'55'-HxCB(#146) 56.1 39.1 3.1 244.9 75.8 54.5 5.0 332.7 44.5 21.2 15.2 152.9
22'33'46'-HxCB(#132) 0.9 0.6 0.1 3.6 0.8 0.9 0.0 4.4 0.9 0.6 0.0 3.7
22'44'55'-HxCB(#153) 334.0 204.3 18.2 1069.0 428.7 267.0 37.6 1481.2 288.1 130.0 93.5 879.2
22'3455'-HxCB(#141) 0.8 0.6 0.0 3.5 0.8 0.9 0.0 5.1 1.0 0.7 0.1 4.9
22'344'5-HxCB(#137) 21.1 23.4 0.5 156.5 26.3 32.7 0.9 212.7 9.6 4.7 2.9 32.8
22'33'45'-HxCB(#130) 14.4 15.3 0.8 95.3 17.6 20.9 0.7 132.6 8.4 5.1 1.9 34.8
233'4'5'6-HxCB(#164) 97.0 70.2 4.9 385.9 95.7 81.1 4.5 506.8 62.0 32.0 0.0 194.5
22'344'5'-HxCB(#138) 192.3 161.1 7.0 940.8 255.2 228.7 16.9 1413.4 131.6 64.4 40.9 421.3
22'33'44'-HxCB(#128) 2.1 1.7 0.2 14.0 2.8 1.9 0.6 9.1 2.8 1.7 0.4 9.2
23'44'55'-HxCB(#167) 9.4 6.6 0.4 31.5 12.9 8.1 1.1 38.3 11.8 5.9 3.4 46.7
233'44'5-HxCB(#156) 107.8 126.0 1.7 775.1 142.1 168.2 1.4 888.9 25.7 12.7 8.9 91.8
233'44'5'-HxCB(#157) 29.5 35.0 0.3 212.2 40.2 48.4 0.4 261.9 6.5 3.0 2.3 21.3
22'33'566'-HpCB(#179) 0.6 0.4 0.1 2.5 0.5 0.6 0.0 3.4 0.7 0.4 0.1 3.0
22'33'55'6-HpCB(#178) 20.0 10.9 0.9 59.3 24.4 12.2 2.3 73.0 19.9 9.6 7.4 62.0
22'344'56-HpCB(#182) 90.9 49.9 6.0 253.4 113.0 57.0 11.2 350.4 89.9 43.9 31.9 276.0
22'344'5'6-HpCB(#183) 23.4 15.1 1.9 71.3 31.1 19.1 2.5 101.2 19.8 10.0 6.5 58.9
22'344'56-HpCB(#181) 1.3 1.8 0.0 10.0 1.7 2.4 0.0 13.3 0.2 0.2 0.0 0.8
22'33'4'56-HpCB(#177) 21.2 13.3 2.1 61.7 24.9 15.8 1.7 88.9 18.5 9.7 5.1 60.0
22'33'455'-HpCB(#172) 15.8 11.7 0.7 66.7 19.0 14.8 0.9 92.0 9.5 4.7 3.4 31.3
22'344'55'-HpCB(#180) 260.9 159.1 10.5 833.0 316.6 200.6 24.0 1235.5 189.8 91.7 74.0 650.3
233'44'5'6-HpCB(#191) 5.8 5.7 0.1 32.8 7.3 7.8 0.4 49.1 2.4 1.1 0.9 6.6
22'33'44'5-HpCB(#170) 103.9 81.7 2.4 492.7 137.8 114.7 6.6 699.1 55.2 27.0 21.8 183.7
233'44'55'-HpCB(#189) 14.3 14.8 0.1 84.5 19.6 19.8 0.4 101.8 3.4 1.6 1.3 11.2
22'33'55'66'-OcCB(#202) 53.5 155.7 0.0 774.6 18.3 17.5 0.0 54.7 9.0 14.8 0.0 129.5
22'33'45'66'-OcCB(#200) 8.4 27.0 0.1 173.8 3.3 2.7 0.3 10.0 2.1 4.9 0.0 38.6
22'33'45**-OcCB(#201/198) 39.4 22.1 0.5 95.3 69.0 38.3 5.5 239.1 32.2 17.1 12.4 131.0
22'344'55'6-OcCB(#203) 37.4 23.6 0.5 126.8 59.0 40.8 3.1 273.5 25.0 12.8 8.9 90.8
22'33'44'56-OcCB(#195) 10.2 7.5 0.5 43.8 14.3 11.9 1.2 77.8 5.8 3.0 1.9 20.9
22'33'44'55'-OcCB(#194) 40.8 24.7 1.0 130.7 53.9 34.2 4.0 216.2 27.4 15.3 8.6 129.3
233'44'55'6-OcCB(#205) 1.8 1.5 0.2 9.1 3.1 2.9 0.3 18.1 1.0 0.4 0.3 2.7
22'33'455'66'-NoCB(#208) 2.9 1.5 0.1 6.5 3.1 1.7 0.5 9.7 2.5 1.2 0.4 7.4
22'33'44'566'-NoCB(#207) 1.4 0.8 0.1 4.0 1.4 0.9 0.3 5.8 1.1 0.6 0.2 3.2
22'33'44'55'6-NoCB(#206) 8.8 5.2 0.2 29.2 10.4 6.7 1.3 40.2 6.3 2.8 2.2 19.8
22'33'44'55'66'-DeCB(#209) 4.1 1.9 0.2 11.1 5.2 2.0 1.1 11.7 4.4 1.8 1.6 12.1

Total TrCBs 7.7 4.0 0.0 28.8 6.8 5.6 0.1 28.9 8.6 6.2 2.4 43.5
Total TeCBs 53.8 37.7 10.6 224.4 57.7 45.5 5.2 213.2 84.4 46.3 18.2 317.9
Total PeCBs 140.5 93.7 11.3 449.5 161.6 103.2 0.7 610.9 165.2 96.0 41.2 676.9
Total HxCBs 907.6 677.8 39.9 4131.0 1167.3 928.1 161.8 5245.4 603.0 275.7 201.3 1908.4
Total HpCBs 558.1 345.9 25.2 1853.6 724.6 439.9 110.1 2689.7 409.4 195.7 159.2 1294.0
Total OcCBs 191.6 197.8 3.0 1043.1 208.5 130.8 22.1 857.3 102.6 57.7 37.8 416.0
Total NoCBs 13.1 7.4 0.4 39.0 14.9 9.0 2.3 55.7 9.9 4.4 2.8 29.1
DeCB 4.1 1.9 0.2 11.1 5.2 2.0 1.1 11.7 4.4 1.8 1.6 12.1
Total PCBs 1878.5 1208.7 116.2 6958.7 1935.5 1598.3 341.5 9566.9 1387.3 643.4 518.7 4600.7

0.35 0.05 0.27 0.53 0.34 0.05 0.27 0.47 0.33 0.05 0.22 0.49
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Table 1.  Effects of resveratrol on tissue weights of C57BL/6J mice treated 
with TCDD. 

 Liver Spleen Thymis 
  (% of body weight) 

Control (5) 5.18±0.13 0.268±0.012 0.176±0.010 
Resveratrol (5) 5.14±0.10 0.239±0.007 0.153±0.008 
TCDD (4) 8.59±0.15* 0.192±0.050 0.031±0.009*, a

TCDD+resveratrol (5) 8.58±0.50* 0.239±0.036 0.042±0.008* 

The values represent the mean ± S.E. of 3-5 mice.  The numbers of sample 
show in parenthesis.  *, Significantly different from the control (p<0.05).  a, 
n=3.

Table 2.  Effects of resveratrol on tissue weights of C57BL/6J mice treated 

with TCDD. 

 Liver Spleen Thymis 
  (% of body weight) 

(A) 0.5 hr treatment group 
Control 5.25±0.05 0.257±0.005 0.223±0.021 
Resveratrol 5.58±0.11 0.291±0.012 0.244±0.021 
TCDD 7.47±0.17* 0.280±0.020 0.092±0.012* 
TCDD+resveratrol 7.80±0.13* 0.285±0.007 0.096±0.006* 

(B) 3 hr treatment group 
Control 5.29±0.20 0.276±0.013 0.260±0.017 
Resveratrol 5.81±0.12 0.333±0.025 0.205±0.027 
TCDD 6.92±0.12* 0.257±0.005 0.098±0.003* 
TCDD+resveratrol  7.21±0.07* 0.256±0.009 0.102±0.009* 

The values represent the mean ± S.E. of 4 mice.  *, Significantly different from the 

control (p<0.05).
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Fig. 1.  Structures of resveratrol and TCDD

Fig. 2.  Effects of resveratrol on body weight gain of C57BL/6J mice 
treated with TCDD. The values represent the mean S.E. of 7-8 mice.  
The arrow represents the day when mouse died in the TCDD-treated group.  
The initial body weights (mean S.E.) of mice in control, resveratrol-
treated, TCDD-treated and TCDD+resveratrol-treated mice were 18.9 0.29,
19.4 0.20, 20.2 0.39 and 21.0 0.33 g, respectively.
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Fig. 3.  Effects of resveratrol on hepatic EROD activity of C57BL/6J 
mice treated with TCDD. The values represent the mean S.E.  The 
numbers of sample show in parenthesis.  Significantly different from 
control: *, p<0.05.
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Fig. 9.  Relative hepatic triglyceride contents of C57BL/6J mice after 
exposure to resveratrol and TCDD. The values represent the mean 
S.E. of 4 mice.  The control values of 0.5 and 3 hr treatment are 6.67 
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from the control; *, p<0.05.

Fig. 10.  Relative hepatic TBARS contents of C57BL/6J mice after
exposure to resveratrol and TCDD. The values represent the mean S.E.
of 4 mice.  The control values of 0.5 and 3 hr treatment are 1132 150 and 
875 115 nmol/g liver, respectively. Singnificantly different from the 
control; *, p<0.05. Singnificantly different from the TCDD group; †, p<0.05.
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Fig. 1. Postulated mechanism of transcriptional activation by AhR system.
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Fig. 2. Induction of HSP70 by ALLN in T47D cells. T47D cells were 
grown up to 90% confluence and treated with different concentrations of 
ALLN as indicated for 12h.  After treatment, whole cell lysate (3 mg 
protein) was subjected to SDS-PAGE (10% gel) and immunoblotted with 
anti-HSP70 monoclonal antibody.
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Fig. 3. The effect of proteasome inhibitors on the nuclear accumulation of AhR in 
T47D cells. T47D cells were treated with 1 μM 3MC and either with 40 g/ml ALLN 
(A40) (panels A-E) or 1 M Lactacystin (Lac) (panel F) for a period indicated before 
fixation.  For comparison, the cells were also treated with vehicle alone (DMSO) and 
AhR ligand alone (3MC).  The distribution of AhR (A-D and F) and HSP70 (E) was 
observed immunocytochemical staining with each primary antibody followed by Cy3-
conjugated secondary antibody.  In panels of ‘Hoechst’, DNA was stained with 
20 g/ml Hoechst 33242.
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Fig. 4.  Immunoblotting of total AhR in T47D cells treated with ALLN and 3MC.
The T47D cells were pre-treated with ALLN the concentration of which is indicated 
in the figure for 4 h, and then cultured in the presence of the same concentration of 
ALLN and 1 μM 3MC for 12 h.  After treatment, whole cell lysate (20 mg protein) 
was subjected to SDS-PAGE (7% gel) and immunoblotted using anti-AhR 
monoclonal antibody. -tubulin was used as a loading control.  The band intensity 
was quantified and normalized by -tubulin level. Each bar of the lower figure 
represents the mean of two determinations.  N.D.: not detected.
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Fig. 5. Immnoblotting of total AhR in T47D cells treated with ALLN. T47D cells 
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(eg., A10 means ALLN 10 μg/ml). After treatment, whole cell lysate (20 mg protein) 
was subjected to SDS-PAGE (7% gel) and immunoblotted with anti-AhR monoclonal 
antibody. -tubulin was used as a loading control. The band intensity was quantified 
and normalized by -tubulin level. Each bar of the lower figure represents the mean 
of two determinations.
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Fig. 6. Increase in the nuclear accumulation of AhR following the double 
treatment of T47D cells with 3MC and ALLN. The cells were pre-treated with 40 
μg/ml ALLN for 4 h, and then cultured in the presence of the same concentration of 
ALLN and 1 μM 3MC for 12 h. Cytosolic (A) and nuclear (B) fractions were 
subjected to SDS-PAGE (7% gel), and immunoblotted using anti-AhR monoclonal 
antibody.  Each bar represents the mean S.E. of three determinations. †, # 
Significantly different between the pair indicated (†; p<0.01, #; p<0.001).
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Fig. 7. The effect of ALLN on the 3MC-mediated increase of ethoxyresorufin O-
deethylase (EROD) activity, a maker of CYP1A, in T47D cells.  T47D cells were pre-
treated with 40 μg/ml ALLN for 4h, and then cultured in the presence of the same 
concentration of ALLN and 1 μM 3MC a period indicated and the activity of EROD was 
measured. Each bar represents the mean S.E. of three determinations.  *, †: Significantly 
different between the pair indicated (*, p<0.05; †, p<0.01).  The EROD activity of control 
(DMSO, panel A) was 5.8 fmol resorufin formed/min/well.
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Fig. 8. The inhibitory effect of ALLN on CYP1A activity. T47D cells were treated with 
DMSO (A) or 1 μM 3MC (B) for 2 h, and then washed with PBS. Subsequently, the cells were 
incubated for 0.5 h with 7-ethoxyresorufin in the presence of ALLN (80 μg/ml). CYP1A 
activity was determined by measuring ethoxyresorufin O-deethylase (EROD).  Each bar 
represents the mean S.E. of four determinations.  The activities of DMSO- and 3MC-treated 
cells were 0.25 0.01 and 1.83 0.15 fmol resorufin formed/min/well, respectively.



Fig. 9. The effect of lactacystin and leupeptin on the 3MC-mediated increase of 
EROD activity in T47D cells. T47D cells were pre-treated with lactacystin (Lac) 
or leupeptin (Leu) for 4h, and then cultured in the presence of the same 
concentration of these inhibitors and 1 μM 3MC for 2h, followed by the 
determination of EROD activity.  Each bar represents the mean S.E. of triplicate 
assay. *, †, #: Significantly different between the pair indicated (*, p<0.05; †,
p<0.01; #, p<0.001). The EROD activity in control (DMSO) was 0.03 fmol 
resorufin formed/min/well.
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Fig. 10.  Effects of ALLN on the expression of CYP1A1, CYP1A2 and CYP1B1 
mRNAs in T47D cells. Gel image of cDNA amplified (A) and quantitative 
representation of mRNA (B-D) are shown.  In panels B-D, each figure shows the 
relative expression to the control (= 100%).  The band intensity of each CYP mRNA 
was normalized by -actin.  In B, C and D, each bar represents the mean S.E. of 
four determinations.  †, #: Significantly different between the pair indicated (†,
p<0.01; #, p<0.001).  N.S.: Not significant.
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Fig. 11.  Effects of ALLN on the  expression of AhRR, NQO1 and SeBP mRNAs in 
T47D cells. Gel image of cDNA amplified (A) and quantitative representation of mRNA 
(B-D) are shown.  In panels B-D, each figure shows the relative expression to the control (= 
100%).  The band intensity of each mRNA was normalized by -actin. In B, C and D, each 
bar represents the mean S.E. of four determinations.  *, †, #:  Significantly different 
between the pair indicated (*, p<0.05; †, p<0.01; #, p<0.001).
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Fig. 12. The inhibitory effect of  GM on HSP70- and HSP90-mediated refolding of 
denatured firefly luciferase. Firefly luciferase denatured with 6M guanidine was 
incubated with HSP70 (A) and HSP90 (B) in the absence and presence of GM.  Following 
incubation, refolding of luciferase was measured by estimating the restoration of the 
activity.  Each bar represents the mean of triplicate assay.  †, #: Significantly different 
between the pair indicated (†, p<0.01; #, p<0.001).
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Fig. 13. Absence of the inhibitory effect of GM on the ALLN-produced reduction of 
CYP1A induction. T47D cells were pre-treated with 40 μg/ml ALLN and GM for 4h, 
and then cultured in the presence of the same concentration of ALLN, GM and 1 μM 
3MC for 2 h, followed by the determination of ethoxyresorufin O-deethylase (EROD) 
activity.  Each bar represents the mean S.E. of triplicate assay.  †, #: Significatly 
different between the pair indicated (†, p<0.01; #, p<0.001).
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Fig. 14. The effect of GM on AhR-mediated expression of luciferase reporter gene. 
T47D cells were pre-treated with 20 μg/ml ALLN and 0.2 m� GM for 4h, and then 
cultured in the presence of the same concentration of ALLN, GM and 1 μM 3MC for 
12 h. The cells were then labeled for 30 min with [35S]methionine and the luciferase 
protein was immunoprecipitated with a polyclonal anti-luciferase antibody.  The 
labeled luciferase protein in the precipitates was subjected to SDS-PAGE (10% gel), 
and the radioactivity incorporated was visualized by BAS-2500 IP Reader. For 
reference, -tubulin labeled with [35S]methionine was precipitated and analyzed in the 
same manner as luciferase.  The band was quantified and normalized by -tubulin 
level.
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Fig. 1 GC-ECD chromatograms of the methylated derivatives of CB183 metabolites formed by 
liver microsomes of PB-treated rats (A), guinea pigs (B) and hamsters (C).
DB-1 capillary column (30 m long) was used for GC-ECD.
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Fig. 2 Effects of P450 inducers on CB183 metabolism with liver microsomes of guinea pigs, 
hamsters and rats 

Each column represents the mean ± S.D. (vertical bars) of four animals. 
* Significantly different from untreated animals ( p<0.05).
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Table 1 Mass spectral data and retention times of the methylated derivatives of two CB183 
metabolites and its synthetic compounds in GC-MS 

 Molecular  Mass spectral data (relative abundance, %)          Retention 
Compound weight [M+]  [M+-15]  [M+-35]  [M+-43]  [M+-50]  [M+-113] time (min)

M-1 422 100 2 - 38 9 58 17.07 

M-2 422 100 26 - 47 24 61 17.15 

3'-MeO-CB187 422 100 13 - 40 12 56 16.75 

4'-MeO-CB178 422 100 28 - 41 - 74 16.93 

3'-MeO-CB183 422 100 4 - 40 - 46 17.07 

4'-MeO-CB175 422 100 26 - 39 - 40 17.13 

5-MeO-CB183 422 100 28 - 42 23 42 17.15 

4-MeO-CB187 422 100 22 - 47 - 54 17.15 

DB-1 capillary column (30 m long) was used for GC-MS. 

The oven temperature was programmed from 70˚C (2 min) to 230˚C at a rate of 20˚C/min and 

then to 280˚C at a rate of 4˚C /min.  The temperatures in the injection port and the detector 

were 250˚C.



Table 2 Comparison of retention times of the methylated CB183 metabolite (M-2) and its 
corresponding compounds using various GC columns. 

Retention time (min) 
Compound DB-1 (30 m) DB-1 (60 m) DB-5 (60 m) SP-2330 (30 m)

Standard

5-MeO-CB183 22.51 106.24 119.52 23.69 

4-MeO-CB187 22.51 106.39 119.91 24.13 

CB183

M-2 22.51 106.22 119.50 23.69 

The temperatures in the column oven, the injection port and the detector were 230˚C, 250˚C

and 250˚C, respectively.



Fig. 3  Postulated metabolic pathways of CB183 in animal liver. 
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