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(phenolic structure)

tannic acid
Xanthine / Xanthine oxidase (Superoxide anion)
Pyrogallol
trihydroxyl benzene
5-Fluorouracil DNA
ortho-  para-dihydroxybenzyl
group catechol- ( ortho-) estrogen
Estrogen Catechol-estrogen
Estrogen (grafiaafollicles) (corpus
luteum) (placenta)
estrogen (oral contraceptice drugs)  estrogen replacement therapy
estrogen oxidative metabolism(hydroxylation
) glucuronidation sulfonation  o-methylation cytochrome P450
2-hydroxyestrogen 4-hydroxyestrogeng estrogen  hydroxylation
Estrogen receptor-mediated processes

electrophilic species DNA cancer(Nandi, S.,
1995)(Liehr, J. G., 1990)(Dwivedy, 1., 1992)

estrogen breast cancer (Bernstein, L., 1993)



estrodiol

(Preston, M. S., 1990)(Paguette, B., 1996)

estrodiol
G.,1986) 2-hydroxyestrodiol
4-hydroxyestrodiol

(Roy. D., 1990) 4-hydroxyestrodiol

O-methylation

hydroquinoe

estrodiol
4-hydroxy-

(Li, J. J.,1987) (Liehr, J.

2-hydroxy estrone

(Li, S. A., 1989)

quinone

DNA (Liehr, J. G., 1999)
Estrogen
Estrogen
estrogen 50
estrogen estrogen
Estrogen
LDL HDL
(oxidized low density lipoprotein, ox-LDL)
LDL
LDL Apo-B (Lysine) (Histidine)
LDL LDL (Receptor)
(Macrophage)
(Foam cell) ox- LDL (Fatty
streak)
25 50 Estrogen ( phenolic structure)
H* estrogen
estrodiol  LDL a -
tocopherol [(3 -carotene (Stacey, A., 1996, 1998)

Estrogen

Estrogen



Estrogen

(freeradical)
10°~10° (Karnovsky, 1994)
(Reactive oxygen species;
ROS) (H;0,)
( O) ( OH) (Punchard and Kelly, 1996)

DNA RNA

(Fig. 1) (Poli et al., 1993)
DNA (purine) (pyrimidine)
(Dizaroglu, 1991 Shigenaga, & Ames, 1991) DNA
DNA DNA DNA
(guanine) OH 8-hydroxyguanine (8-OHdG)
DNA G- T (Cheng et al., 1992) DNA

(Kunchino, Y., 1987; Shibutani, S., 1991) (Cheng,K.C, 1992)

(apoptosis) (Buttke, 1994) (Satoh, 1998; Peterhans, 1997,
Umezawa,1997)
peptide
(carbonylation) (cross linkage) (denature)

(Buttke, 1994)
(receptor)

(Polyunsaturated fatty acid;



PUFA) (lipid peroxidation)
(peroxyl radicals; ROO )
(hydrogen peroxide) (PUFA)

(malonyldialdehyde; MDA)

(Barber and Bernheim, 1967)

(Shimasaki et
al., 1995)
(cl injury) (cell death)
(aging process)
(Fig2) (ischemia reperfusion) (Knight, 1995)
(Chapman, M. L., 1989) (Smith, C. D., 1991) (Gladstone, I.
M., 1994) (Yoritaka, A;,1996) (Uchida,K., 1994)
(ROS)
(Jean. C., 1999)
( 0)) (H.0,)
DNA DNA DNA

(Miral, 1991)

4-5  (Wriggleworth, 1980) 1894 Fenton

Fenton, 1894 ( OH)



(Haber, 1934) Fenton reaction (EqQ. 1)

Fe*+ HO, —p» F&" + OH + OH (Eg. 1)

Gutteridge  Bannister Fe*-EDTA H,O, (
OH) (Eq2 3,4,5) (Okeziel. Aruoma, , 1989)

Fe*- EDTA + H,0, —» F&-EDTA + 2H" + O, (Eq.2)
Fe*-EDTA + O, —» F&"-EDTA +O, (Eq. 3)

Fe&#-EDTA+ H,0, —» Fé"-EDTA + OH + OH (Eq.4)

Fe +2H,0, —»Fe + OH+ H' +H,0 +0O, (Eq. 5)

(Ehrenfled, 1987; Tan, 1992; Stubb, 1987)

( G) O, OH (lipid peroxidation)

(Floyd , 1990)

Estrogen Estrogen



Estrone (E1) A-estradiol(E2) 2-hydroxyestrodiol(20h-E2) 4-hydroxyestrodiol
(4oh- E2) 4-hydroxyestrone(4oh-E1) Ferrous Sulfate linoleic acid Trizma-HCI

potassium chloride sarkosyl thiobarbituric acid butanol
phenol/CHCI; Isopopanol
(Shimakyu) pBR322

pBR322
5m plasmid DNA
30 37 2
Ampicillin

(Sambrook, 1989)

Sigma
QIAGEN Plasmid Maxi Kit

Ampicillin
Hydrogen Peroxide

100 m competent cell

37

DNA
Ampicillin plate (PBR322 transfected cell )
3 ml LB medium ( 40mg/ml Ampicillin) 15 ml
3,000 rpm 10 1.5ml
100m solution | 200m solution |1
150m solution 111
10 4 12,000 rpm 10 1.5ml
2 -20 -70 15 4
12,000 rpm 10 DNA 100m
DNA phenol/CHCI, (1:1) 5
12,000 rpm 10 phenol/ CHCI,



(1:1) 5 12,000 rpm 10
2 -20 -20 12,000
rpm 10 DNA 100 M TE buffer pH 8.0
-20
DNA
Ampicillin plate ( pBR322 transfected cell )
5ml LB medium ( 40mg/ml Ampicillin) 100m
250mILB medium ( 40mg/ml Ampicillin) 37 12 4
3,000rpm 15 10ml Buffer P1 10ml
Buffer P2 5 5 10ml Buffer P3 5
20 12,000 rpm 4 30
12,000rpm4 15 QIAGEN-tip Buffer QBT
DNA Buffer QC 30ml QIAGEN-tip
15ml Buffer QF DNA 10.5ml Isopopanal
12,000rpm 4 30 DNA
1.5ml TE buffer pH 8.0 -20
2m pBR322 DNA
H.,O, 37  incubator 30 20m 2

1%

(Fig. 7)

pBR322 DNA (100ng )



1991 Tamura Fenton reaction (Fe&**/H,0,)
linoleic acid linoleic acid (1.5mg/L) 50mM Trizma-

HCI/150 mM potassium chloride buffer (pH 7.4) 0.2% sarkosyl 200nmM Ferrous

sulfate 100nM hydrogen peroxide 40m
37 16 1979 Ohkawa
thiobarbituric acid (TBA) (40m) 40m 8%

sarkosyl 300 m 1M acetate buffer (pH 5.0) 300 m 0.67% TBA
90 60 Iml butanol
3000 10 butanol 532nm

( Toshihiko O, 1992)

() Fenton Reaction

Fenton Reaction Fenton
Reaction
DNA DNA
(super coiled) (open circular) (linear)
(fragmentation)
(band) (super coiled) (from 1)
(nick) (nicked open circular) (from I1)
(linear) DNA (from I11) pBR322 (100ng) 0.35

% H,0, 37 30



(

(

40mv

DNA  Fenton Reaction

Fenton Reaction

40mvi

1)

)

37 130

(Fig. 2)

) Estrone &-estradiol

Estrone  &-estradiol

a -tocopherol
Estrone  a-estradiol

37 130

Estrone &-estradiol 0.5pu M
Fenton reaction

Estrone a-estradiol

0.35% H,0,

0.35% H,0,

(fragmentation) (Fig.

(LDL)

40mvi

(Fig.3~6)



( ) Catecholestrogen Fenton Reaction
Catechol estrogen
Catecholestrogen  2-
hydroxyestradiol 4-hydroxyestradiol — 4-hydroxyestrone  0.35 % H,0O,

40mMM 37 /30

(Fig.7~12)

Estrone (E1) &-estradiol(E2) 2-hydroxyestrodiol(20h-E2)
4-hydroxyestrodiol (4oh- E2) 4-hydroxyestrone(4oh-E1) Fenton

reaction 37 /30 DNA 3.0u M
a-estradiol(E2)  Fenton reaction DNA 100
Estrone(E1l) 3.0u M Fenton reaction
50~60 DNA Catecholestrogen
2-hydroxyestrodiol (20h-E2) 4-hydroxyestrodiol (4oh- E2) 4-hydroxy
estrone(4oh-E1) 3.0u M Fenton reaction 60~70
DNA Estrone (E1) &-estradiol(E2) catechol
estrogen a-estradiol (E2) Fenton reaction
catecholestrogen
Estrone (E1) Estrone (E1)

catechol estrogen 4-hydroxyestrone(4oh-E1)
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Figure8
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Figure 9.
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Figure 10
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Figure 11
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Figure 12
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