DDT DDE DDD

2,4,5-

trans-

E-screen

1,2-




(HCH)

MEDLINE TOXLINE
35 62 31
15 27 15
o -HCH B cis-
10 -HCH
trans-
MEDLINE TOXLINE
10 155 90 33
54 40 15
p,p-DDT 0,p-DDT | p,p-DDE 0,pDDE | p,p’-DDD
o,p’-DDD
26 19 12
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2,4,5- 1,2- -3-
MEDLINE TOXLINE
11 24
19
MEDLINE TOXLINE
14 26 11
11 21
MEDLINE TOXLINE
58 10 30
52 10 23
MEDLINE TOXLINE
17 26
14 19







P450

Bourque 0.01 0.1 1.0 10 mg/kg/day
13 D
0.01 mg/kg/day
0.1 mg/kg/day
10 mg/kg/day

Sims 0.1 1.0 10 mg/kg/day
9 2)
0.1 mg/kg/day
1.0 mg/kg/day

Babineau 0.1 1.0 10 mg/kg/day
90 3)
0.1 mg/kg/day

Khera 10 20 40 60 mg/kg/day
6 7 40 60 80 120 mg/kg/day 6
16 Wistar 5)

7 10 mg/kg/day
14 16
40 mg/kg/day 14

80 mg/kg/day



Bleavins

331
4)
1 ppm
ppm
25 ppm
Babineau
Bal blc 6)
SRBC IgA
IgM
Foster
SD
1 mg/kg/day
Foster
1 mg/kg/day
Foster
SD 9
P450
Campbell Wistar

ppm

SD

25 ppm

ppm
25ppm

ppm

167 ppm

IgGy

1 10 100 mg/kg/day
7

1 10 100 mg/kg/day
8)

50 mg/kg/day 5

P450

30

21



10) 200
600y mol/kg(57 171 mg/kg/day)
200u mol/kg (57 mg/kg/day)
P450

14

P450
P450

P450

P450

1) Bourque, A.C., Singh, A., Lakhanpal, N., McMahon, A. and Foster, W.G. (1995)
Ultrastructural changes in ovarian follicles of monkeys administered
hexachlorobenzene. American Journal of Veterinary Research, 56, 12, 1673-1677.

2) Sims, D.E., Singh, A., Donald, A., Jarrell, J. and Villeneuve, D.C. (1991) Alteration
of primate ovary surface epithelium by exposure to hexachlorobenzene: A
quantitative study. Histology and Histopathology, 6, 525-529.

3) Babineau, K.A,, Singh, A., Jarrell, J.F. and Villeneuve, D.C. (1991) Surface

epithelium of the ovary following oral administration of hexachlorobenzene to the



monkey. Journal of Submicroscopic Cytology and Pathology , 23, 3, 457-464.

4) Bleavins, M.R., Aulerich, R.J. and Ringer, R.K. (1984) Effects of chronic dietary
hexachlorobenzene exposure on the reductive performance and survivability of
mink and European ferrets. Archives of Environmental Contamination and
Toxicology, 13, 357-365.

5) Khera, K.S. (1974) Teratogenicity and dominant lethal studies on
hexachlorobenzene in rats. Federal Cosmetic Toxicology, 12, 471-477.

6) Babineau, K.A., Singh, A., Jarrell, J..F. and Villeneuve, D.C. (1991) Surface
epithelium of the ovary following oral administration of hexachlorobenzene to the
monkey. Journal of Submicroscopic Cytology and Pathology, 23, 457-464.

7) Foster, W.G., Mertineit, C., Yagminas, A., McMahon, A. and Lecavalier, P. (1995)
The Effects of Hexachlorobenzene on circulating levels of adrenal steroids in the
ovariectomized rat. Journal of Biochemical Toxicology, 10, 3, 129-135.

8) Foster, W.G., Pentick, J.A., McMahon, A. and Lecavalier, PR. (1992) Ovarian
toxicity of hexachlorobenzene (HCB) in the superovulated female rat. Journal of
Biochemical Toxicology, 7, 1, 1-4.

9) Foster, W.G., Pentick, J.A., McMahon, A., Lecavalier, PR (1993) Body distribution
and endocrine toxicity of hexachlorobenzene (HCB) in the female rat. Journal of
Applied Toxicology, 13, 79-83.

10) Campbell, M.A., Gyorkos, J., Leece, B., Homonko, K. and Safe, S. (1983) The effect
of twenty-two organochlorine pesticides as inducers of the hepatic

drug-metabolizing enzymes. General Pharmacology, 14, 445-454.



a- PB- (HCH)

HCH
a -HCH(CAS No.319-84-6) B -HCH(CAS No0.319-85-7) vy -HCH(CAS
No.58-89-9) & -HCH(CAS No.319-86-9)
a -HCH B -HCH

a -HCH
P450 B -HCH
P450
Bigsby B -HCH 100 mg/kg/day
ICR Y
Van Velsen B -HCH 10 50 250 ppm 13
Wistar 2
0.16 0.8 20 mg/kg/day
0.16 mg/kg/day 0.8
mg/kg/day 0.8 mg/kg/day
mg/kg/day mg/kg/day
-450 20 mg/kg/day
PCV
0.16
mg/kg/day 0.16 0.8 20 mg/kg/day
0.16 mg/kg/day
0.8 mg/kg/day 0.8

mg/kg/day mg/kg/day



mg/kg/day
20 mg/kg/day

PCV
Cornancoff B -HCH 100 300 ppm 30
B6C3F1 3)
100 ppm 100 ppm
300 ppm
CTL
Srinivasan B -HCH 300 ppm 14
Wistar 4)
DNA
DNA
P450
Campbell Wistar P450
5 a -HCH 200 600p mol/kg(58
174 mg/kg/day) B -HCH 100 200p mol/kg(29 58 mg/kg/day)
o -HCH 200p mol/kg
(58 mg/kg/day) B -HCH 100y mol/kg (29
mg/kg/day) P-450

-450
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DNA

PCV
CTL
DNA
P450
P450
o - P450
P450
B -
P450
P450

1) Bigsby, R.M., Caperell-Grant, A. and Madhukar, B.V. (1997) Xenobiotics released
from fat during fasting produce estrogenic effects in ovariectomized mice. Cancer
Research, 57, 865-869.

2) Van Velsen, F.L., Danse, L.H.J.C., Van Leeuwen, F.X.R., Dormans, J. A.M.A. and
Van Logten, M.J. (1986) The subchronic oral toxicity of the B-isomer of
hexachlorocyclohexane in rats. Fundamental and Applied Toxicology, 6, 697-712.

3) Cornacoff, J.B., Lauer, L.D., House, RV., Tucker, A.N.., Thurmond, L.M., Vos, J.G.,
Working, PK. and Dean, J.H. (1988)Evaluation of the immunotoxity of 8
-hexachlorocyclohexane(f -HCH). Fundamental and Applied Toxicology, 11,
293-299.
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4)

5)

Srinivasan, K., Ramesh, H.P. and Radhakrishnamurty, R. (1988) Changes induced
by hexiachlorocyclohexane isomers in rat liver and testis. Bulletin of
Environmental Contamination and Toxicology, 41, 531-539.

Campbell, M.A., Gyorkos, J., Leece, B., Homonko, K. and Safe, S. (1983) The effects
of twenty-two organochlorine pesticides as inducers of the hepatic

drug-metabolizing enzymes. General Pharmacology, 14, 4, 445-454.
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@ -

cis- trans-

cis- (o -

:CAS No0.5103-71-9) trans-

:CAS No0.5103-74-2)

cis-

Talamantes Jang

Jang Talamantes

Campbell
3)
mol/kg(34 68mg/kg)
U mol/kg(34mg/kg)
P450

trans-

P450

cis- 30 60mg/kg/day
BALB/cCrgl D
60mg/kg/day

cis- 50 100mg/kg
BALB/c Crgl 2)
50mg/kg

P450
Wistar P450
cis- 100 200y
100

P450

13



P450
cis-
P450

P450

1)Talamantes, F. and Jang, H.(1977)Effects of chlordane isomers administered to
female mice during the neonatal period. Journal of Toxicology and Environmental
Health, 3, 713-720.

2)Jang, H. and Talamantes, F.(1977)Effects of chlordane on ova implantation in the
mouse. Bull. Environ. Contam. Toxicol., 17, 559-563.

3)Campbell, M.A, Gyorkos, J., Leece, B., Homonko, K. and Safe, S.(1983)The effects
of twenty-two organochlorine pesticides as inducers of the hepatic

drug-metabolizing enzymes. Gen. Pharmac., 14, 4, 445-454.
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P450

o P450
Campbell Wistar P450
i) 20
mol/kg(8.5mg/kg)
P450
P450
P450
P450

P450

1)Campbell, M.A, Gyorkos, J., Leece, B., Homonko, K. and Safe, S.(1983)The effects
of twenty-two organochlorine pesticides as inducers of the hepatic

drug-metabolizing enzymes. Gen. Pharmac., 14, 4, 445-454.
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trans-

trans-
Klotz trans-
B
D trans- 10p M
B
0.01p M 178 -
1/5
Willingham trans- 0.25 0.5ng?
28.6 0.25ng
trans-

trans-

1Klotz, D.M., Beckman, B.S., Hill, S.M., McLachlan, J.A., Walters, M.R. and

Arnold, S.F.(1996)Identification of environmental chemicals with estrogenic
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activity using a combination of in vitro assays. Environmental Health Perspective,
104, 10, 1084-1089.

2)Willingham, E.(2001)Embryonic exposure to low-dose pesticides: Effects on
growth rate in the hatching red-eared slider turtles. Journal of Toxicology and
Environmental Health, Part A, 64, 257-272.
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p.p:DD  (CAS N0.50-29-3)  0,p*DD

».p*
P450
o.p*
Kuramitz p.p*
B -
10 8 10 :M
Tully o’
2)
HeLa
Uphouse ot
3)
Klotz o.p*
B -

18

(CAS No.789-02-6)

1)

10 ®

10 ‘M

B -

Hel.a
pp*
op*
B -
10 10
10 10

10 ‘M

B -

MCF-7

P450
p.p*
B -
10 SM



B - 4 op*

10 7 10 ‘M B -
10 6 10 ‘M MCF-7
1Cso 10 M
B -
Sheeler op* h-ER two hybrid
ERE-dependent B - 5)
op* ECso 6.47x 10 SM  h-ER two hybrid
B - ECso 8.17x 10 6 23.8
x 10 M h-ER two hybrid
B -
Hoekstra op*
BJ3505
B - 6)
op* ECso 5.26x 10 5 8.84x 10
M B- - op*
B -
Diel op* 20 100 500 mg/kg/day
DA/Han 7
100 mg/kg/day
C3 mRNA 500 mg/kg/day
GADPH mRNA
Bigsby op* 100 mg/kg/day
ICR 8)
Charles o,p* MCF-7
11) o,p* 10 7 10 M
MCF-7

19



Laws o,p

178 -
Promestone 12)
ICs0 3.2x 10 M 17
B - ICs0 4.5% 10 M
Promestone
Bradlow op* MCF-7
176 - 13) op*
10 M C-16a C-2
Kelce ot op*
R1881
9) np- hx 10 7 10 M
I1Cs0 7.5x 10 °M
R1881 op* 5x 10 7 10 M
1Cs0 5x 10 M
176 - ICs0  9.5x 10 M
R1881
Maness p.p- o.p*
HepG2
a -
10) pp* op* 10 6 10 M
a -
Uphouse p.p*- 10 25 50 75 mg/kg/day o,p*
50 100 200 300 400 mg/kg/day
CD F344 3)
Pt 10 25 mg/kg/day

20



2

o,p-
mg/kg/day

Brown

Linder

vom Saal
11 17

Mehmood

Johnson

Nejaty

M

Banerjee

lordosis/mount

lordosis/mount

50 mg/kg/day

2

b.p-
SD

25 mg/kg/day

300

lordosis/mount

50 mg/kg/day

Terminal End Buds

Terminal End Buds

2

b.p-
SD

2

op-

100 mg/kg/day

0.01 mg/

88

2

op-
CD-1

2

o,p-
Holtzman

b.p

21

14)

23 256 27 29

Terminal Duct Lobules

15)

Terminal Duct

102 103

0.001 0.1  mg

CF1

/day (0.02 mg/kg/day

100 mg/kg/day
17)

200 mg/kg/day

21

18)

Wistar

25 50 100 ppm

10 8

22

/day
16)

x 10



Wistar 20) 50

ppm / IgG
LMI MMI 100 ppm
Banerjee np- 200 ppm 42
Wistar 21)
/ IgG Ig
LMI MMI
Eriksson pp* 0.5 mg/kg/day 10
NMRI 22)
P450
Campbell Wistar P450
23) pp* T o.p*
200 600p mol/kg(71 213 mg/kg/day)
200p mol/kg(71mg/kg) pp* T o,p*
P450
Byran pp* 1.75 mg/ /day o,p* 1.0
5.0 mg/ /day
24) p}p’-
op* 1.0 mg/ /day
5.0 mg/ /day
TRBC p.p*- 1.0
1.75 2.50 5.00 10.00 mg/ /day op* 1.0 2.50 5.00

6.25 7.50 10.00 mg/ /day
pp*

22



1.75 mg/ /day
5.00 mg/ /day

o,p
6.25 mg/ /day
op* 6.25 mg/ /day
12
Khan op* 0.02 0.1 mg/kg/day 3
25)
0.02 mg/kg/day
Palmer op* 1 250 mg/kg/day
26) 1 mg/kg/day
p,p*DDT
R1881 a -
p,p*DDT lordosis/mount
IgG Ig LMI MMI

Terminal End Buds Terminal Duct Lobules
Terminal End Buds Terminal Duct
/

p.p*- T P450
P450

23



p,p-DDT

o,p*DDT
B -
MCF-7
[3 -
178 - MCF-7
Promestone
178 - C-16a
C-2
C3 mRNA
GADPH
mRNA
o,p*DDT
R1881
p,p-DDT
lordosis/mount
op> T P450
P450
o,p*DDT
TRBC
.o’ o.p*
P450

24



1)

2)

3)

4)

5)

6)

7)

8)

9)

P450

Kuramitz, H., Natsui, J., Sugawara, K., Itoh, S. and Tanaka, S. (2002)
Electrochemical evaluation of the interaction between endocrine disrupter
chemicals and estrogen receptor using 17,beta-E2 labeled with daunomycin.
Analytical Chemistry, 74, 533-538.

Tully, D.B., Cox, V.T., Mumtaz, M.M., Davis, V.L.. and Chapin, R.E. (2000) Six
high-priority organochlorine pesticides, either singly or in combination, are
nonestrogenic in transfected HeLa cells. Reproductive Toxicology, 14, 95-102.
Uphouse, L. and Williams, J. (1989) Sexual behavior of intact female rats after
treatment with o,p'-DDT or p,p'-DDT. reproductive toxicology, 3, 33-41.

Klotz, D.M., Beckmann, B.S., Hill, S.M., McLachlan, J.A., Walters, M.R., and
Arnold, S.F. (1996) Identification of environmental chemicals with estrogenic
activity using a combination of in vitro assays. Environmental Health Perspectives,
104, 1084-1089.

Sheeler, C.Q., Dudley, M.W. and Khan, S.A. (2000) Environmental Estrogens
Induce Transcriptionally Active Estrogen Receptor Dimers in Yeast: Activity
Potentiated by the Coactivator RIP140. Environmental Health Perspectives, 108,
97-103.

Hoekstra, P.F., Burnison, B.K., Neheli, T. and Muir, D.C. (2001)
Enantiomer-specific activity of o,p'-DDT with the human estrogen receptor.
Toxicology Letters, 125, 75-81.

Diel, P., Schulz, T., Smolnikar, K., Strunck, E., Vollmer, G. and Michna, H. (2751)
Ability of xeno- and phytoestrogens to modulate expression of estrogen-sensitive
genes in rat uterus: estrogenicity profiles and uterotropic activity, Journal of
Steroid Biochemistry and Molecular Biology, 73, 1-10.

Bigsby, R.M., Caperell-Grant, A. and Madhukar, B.V. (1997) Xenobiotics released
from fat during fasting produce estrogenic effects in ovariectomized mice. Cancer
Research, 57, 865-869.

Kelce, W.R., Stone, C.R., Laws, S.C., Gray, L.E., Kemppainen, J.A. and Wilson, E.M.
(1995) Persistent DDT metabolite p,p’-DDE is a potent androgen receptor
antagonist. Nature, 375, 581-585.

10) Maness, S.C., McDonnell, D.P. and Gaido, K.W. (1998) Inhibition of androgen
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receptor-dependent transcriptional activity by DDT isomers and methoxychlor in
HepG2 human hepatoma cells. Toxicology and Applied Toxicology, 151, 135-142.

11) Charles, G.D., Gennings, C., Zacharewski, T.R., Gollapudi, B.B. and Carney, E.W.
(2002) Assessment of Interactions of Diverse Ternary Mixtures in an
EstrogenReceptor-alpha Reporter Assay. Toxicology and Applied Toxicology, 180,
11-21.

12) Laws, S.C., Carey, S.A., Ferrell, J. M., Bodman, G.J. and Cooper, R.L. (2000)
Estrogenic activity of octylphenol, nonylphenol, bisphenol A and methoxychlor in
rats. Toxicological Sciences, 54, 154-167.

13) Bradlow, H.L., Davis, D.L., Lin, G., Sepkovic, D. and Tiwari, R. (1995) Effects of
pesticides on the Ratio of 16a/2-Hydroxyestrone: A Biologic Marker of Breast
Cancer Risk. Environmental Health Perspectives, 103, 147-150.

14) Brown, N.M. and Lamartiniere, C.A. (1995) Xenoestrogens alter mammary gland
differentiation and cell proliferation in the rat. Environmental Health Perspectives,
103, 708-713.

15) Linder, R.E., Strader, L.F., Slott, V.L. and Suarez, J.D. (1992) Endpoint of
spermatotoxicity in the rat after short duration exposures to fourteen reproductive
toxicants. Reproductive Toxicology, 6, 491-505.

16) vom Saal F.S., Nagel, S.C., Palanza, P., Boechler, M., Parmigiani, S. and Welshons,
W.V. (1995) Estrogenic pesticides: binding relative to E2 in MCF-7 cells and effects
of exposure during fetal life on subsequent territorial behaviour in male mice.
Toxicology Letters, 77, 343-350.

17) Mehmood, Z., Smith, A.G., Tucker, M.J., Chuzel, F. and Carmichael, N.G. (2000)
The development of methods for assessing the in vivo oestrogen-like effects of
xenobiotics in CD-1 Mice. Food and Chemical Toxicology, 38, 493-501.

18) Johnson, D.C., Kogo, H., Sen, M. and Dey, S.K.D. (1998) Multiple estrogenic action
of 0,p'-DDT: initiation and maintenance of pregnancy in rat. Toxicology, 53, 79-87.

19) Nejaty, H., Lacey, M., Whitehead, S.A. (2001) Differing effects of
endocrine-disrupting chemicals on basal and FSH-stimulated progesterone
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Experimental Biology and Medicine, 226, 570-576.
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cell-mediated immune responses in albino rats. Bulletin of Environmental
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21) Banerjee, B.D., Ray, A. and Pasha, S.T. (1996) A comparative evaluation of

immunotoxicity of DDT and its metabolites in rats. Indian Journal of Experimental
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Biology, 34, 517-522.

22) Eriksson, P., Ahlbom, J. and Fredriksoon, A. (1992) Exposure to DDT during a
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p,pDD  (CAS No.75-55-9) o,p*DD (CAS No0.3424-82-6)

p.p*
P450
op*
P450
Bradlow p.p* op*
MCF-7 178 - Y
np- E op* 10 M C-16a
C-2
Tully pp- E
HeLa
8)
ot E 10 ¢ 10 5M
Jorgensen op* E MCF-7
3) op* E 10 M
Sheer op* E h-ER two hybrid
B -
4) op* E 10 8 10 ‘M
B
B -
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Kelce -
R1881
5) )1¥% 2x 10 7 10
6M ICso
5x 10 ¢M R1881
Vinggarrd oot
R1881 6)
pp* 10 6 5x 10 M
Foster p.p*- SD
R1881 7 p.p*
ICs0 12.7x 10 M R1881
Maness ot op*
HepG2
a -
8) op* op* 10 6 10 M
Wilson pp*
MDA-kb2
a -
9) D hx 10 ¢ 2x 10 M
O’Connor ot
10) ,p" 1Cs0 3.5x 10 ‘M
B
Dickerson - 0.1 0.3 1.0 3.0 10 mg/kg/day

29



35 42 2
11)

0.3 mg/kg/day

0.3 mg/kg/day 178 -
1.0 mg/kg/day
MROD P-450 1A1
mg/kg/day P-450 1A1
UDP-GT TS-PST
Kelce pp* 100 mg/kg/day 14
LE 5)
13 AGD
mg/kg/day 21 37 LE
1)
bp* 200 mg/kg/day
LE D
Kelce - 200 mg/kg/day 120
SD
12)
C3 mRNA
TRPM RNA
You p.p* 100 mg/kg/day 7
SD 13)
O’Connor bp* 100 mg/kg/day 24
CD
Hershberger 10)
p.p*
24 7 LE
Hershberger 10)

200 300 mg/kg/day 63

15

30

EROD BROD
3.0
».p* 100
120

100 mg/kg/day

p.p*

CD

100



10)

220 mg/kg/day

100 mg/kg/day
200 mg/kg/day
173 -
200 300

2

b.p-
LE

200 mg/kg/day

14)

300 mg/kg/day

6

250, 500 mg/kg/day

mg/kg/day 63 15
10)
a -
178 -
Romero np-
Wistar
Brien pp*
Wistar
250 mg/kg/day
Banerjee np-
Wistar 16)
/ IgG
P450
You o.p*
P-450 2B1
ot 5x 10 7 10 sM
Campbell Wistar

11)

600u mol/kg(64 191 mg/kg/day)
200y mol/kg(64mg/kg)

P450

31

15)

200 ppm

42

LMI MMI

p.p*

F344
13)

P-450 2B1

200



Willingham bp* 7, 14, 28 ng/ /day  Stagel7
13)

7ng/ /day
Baatrup Junge pp* 1.5 15 mg/kg/day 30
14)
1.5 mg/kg/day Sigmoid Display S C

15 mg/kg/day
Sigmoid Display Posturing Behavior

p.p*
MCF-7 178 - C-16a
C-2
Hel.a
p.p*
R1881
R1881
SD R1881
HepG2 a -
MDA-kb2 a-
B
p.p*
q -
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178 - EROD

BROD MROD P-450 1A1
P-450 1A1 UDP-GT
TS-PST
TRPM RNA /
AGD
C3 mRNA
IgG LMI MMI
p.p*- P450
P450
p.p* Sigmoid
Display S C Posturing Behavior
op*
MCF-7 178 - C-16a
C-2 MCF-7
h-ER two hybrid B
B -
op*
HepG2
a -
op* P450
P450
p.p*
P450

P450
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