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Changes in the Expression Pattern of Cyclooxygenase-2, Mapkinases and
Related Apoptotic Markers by Different Levels of Estrogen Supplementation
in Mature or Ovariectomized Female Rat Heart*

Shin, Jang-In - Park, Ock Jin®
Department of Food and Nutrition, Hannam University, Daejeon 306-791, Korea

ABSTRACT

The effects of different concentrations of estrogen supplementation to mature female rats or estrogen supplementation to
ovariectomized rats on cyclooxygenase-2 (COX-2) expression, PGE; production and mapkinases expression were
investigated in experimentally induced atherogenic rats with feeding a high fat - high cholesterol diet. In the first ex-
periment using 48-week old mature rats, the supplementation of three different levels of estrogen was compared to the
basal diet. The high concentration of estrogen supplementation induced the marked up-regulation of COX-2 protein and
the increase in plasma PGE, production and this seems to be followed by the up-regulation of p38 among mapkinases.
The regulation of bax showed in a reverse trend of COX-2 in heart tissues of mature female rats. In the second ex-
perimental system, female Sprague-Dawley rats were bilaterally ovariectomized; sham-operated animals were used as
controls. Three weeks later, the animals were supplied with basal diet to sham-operated control group and ovariectomized
control group, and estrogen supplemented diet to ovariectomized group for an eight-week experimental period. In a
group supplemented with a medium dose of estrogen, COX-2 expression was up-regulated. This up-regulation was
accompanied by the elevated expression of pERK1/2. Bax was increased in estrogen-fed animals indicating bax might
be involved in estrogen feeding state in ovariectomized rats. Further investigations on the relationship between COX-2
and biological activities such as vasodilation by estrogen are required in in vivo system of female rats at the various
physiological states. (Korean J Nutrition 38(1): 30~39, 2005)
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Yo A FHA3 R AFE JYePd F Aok Sk
Cyclooxygenasest MEoJA constitutive isoform<!
COX—1# inducible isoform?l COX-2 F7F4 ez
EAs=dl COX—-1 ¢, o, A% (NERF 23), &
2% (4w 44 thromboxane A, A4S ¥
e diFES A elA s, AR B K
A37] Q% NER T ZE-S FhO ofef wialed COX-
2¥ Afotrxel dAMEE FF o7 MEANA cy-
tokines, A374A=}, ¢A-AAL, FAERIAAL 23] 2o)
E75n, dFo] dojut Fof prostaglandins (PGs)E
g BA3s, daelgAs)l 4w & AAIR] PGL
g A4EHH A4EA HedA Us NEEL COX-2
o] st 1 7)Ao EAlshe ZSAEEL 2%
prostanoidsE AA ST o]g|3t 2AsIAE COX-
2¢]] 2Jsle COX~2 tA} AREEo] 2 A7}
&35 o COXe 4ol 7Haste] PGLE Aol #
23ty o] EFE, dAFAY 2 FHASY HAel
=257 gk wehA oz AT COX—-2& endo-
thelium—dependent ¥ independent 7]#o)] 2jste] P&
o] £&& sk Z0F RuFHAR T Qo wbd
TRF S AT ATl HEAY A o
Qlo] H& o ® dFNkE-2] ol A4S YERdch
COX-2%& olgi®t g5&e) dudA 548 A5 4
ERts B9l 2A) COX—27) ST Alghe) Z@A
3 799 A EY FHAE diA A Ee] COX-2 T
o] F7kshe 2g BASIYT® COX-2 A= 59
Ae ARk ARE RuH3 Qo
JArEZAS] FIE GotzAl ST Atd FH
7E FEE F vk F #W737] o1F AAeAN 5=
E dix oL 40~50%2] 43 dFeds AL F
Ath= BFAHA AP 13719 233k A1, <)zt
Aol 32 dX2¥ ZAblA 9 od3lE A 149
Aol Yux|i= F4o] TAFHE AHE HAF?
T2y AR s T}l Women's Health Initi-
ative (WHD @7#°*"ollA 16,6082 ojAdo] 328 o
A axelut placebod Fof ¥t 5.2¢ 3¢ A
I AAEQ] o] F= WrRtH HE F= AWt 9 ¥
o] 1}s} o] ATE FusH HYoH F=2E dX e
Fof uke FollA Ay hEa e S 94
3] & Ao2 Jeh} 3E2FE dgixaye] AEE oY
e aE A 9 RoE HES Yo 32
£ dgix 22 H737]0]1F 10~15d0] Ad A$ 5ol H
Al A3 T 7IXE Ao SN o]s} o] es-

BESES s 38(1) :30~39, 2005/31

trogen®] Foi& ojfst A#E VERL §l3 estrogen
2474 A8 zA0) wel anti—inflammatory agent® 2t
£317|% 33 pro—inflammatory agentZ% 7152
Y 5= glrky A Aok

Apoptosis & programmed cell deatht F9733}9]
HajAgE)dQl HgoAe] FaRR-g ApXstn Yok
Apoptosist= F973} Ao isiA dojd
< A5 Zela¥dS Addths Bus 9y T
73l o3t Aguiu]) A9 apoptosist MEE TS
n Atk s 9leh

2 Ad7e 39S, el estrogend #
£& gy 9% 7% ABE AFEs) sk st
FollA estrogens Al 7H FE& Foidlal W4 AAE
53t HAo] 28 FAolA estrogend Foiste] A
2ZA o)X 9] inflammatory marker@] COX—22} 2&, ma-
pkinases®] T&3} P prostaglandin®] s£] 3} R
TWA3tel ABAdE VI apoptotic AAER] bax$t
bel—29] ¥stE AR 1A} S5t

M= X 9H

1. QEEE I NSTH

Experiment A°ll4%= Sprague—Dawley % 48539
A A (o vlo) 2D E ARSSIET YuaoR 48
F30] F3d7] ¢+ estrogenELrt 253] Wopd A
oz BuHT k¥ APFHE APANF A 13AE (H
AR E 33U FSAI F dpier 7k 79 7vlE)
A 4FOF o] 437 ARSSISith A 2L 25
22+2T, |¥% 5515TC, WYFA 124122 {FA18%
t}. Experiment BollX= 85% 9] Sprague—Dawley &
2 AE TSk TN AYAEE AFAN F dx
A4} sham—operations AJ&8l] YA &3
7t YeRt7] sk 3¢ ARS £ 42 AlRE 85T
AFAANFHT. e ZAL Experiment A%} 535k}

2. A9 pojg ™

Aol 1A (120 g lard/kg diet) - TEHAXHE (1
g/kg diet) 2101E 7% Alo]& 3lgith Experiment A:
el 1A - RFYAHE 2olE Fofetn AF Tl
© 71ZA0le estrogene A, F, I T A THRE =
e 242 300 g, 600 g3 1,200 1g®) 178~
estradiol (Sigma Co, Mo, USA)°] XSHEE Ao|g
A8ttt (Table 1). 2)o] kg9 300 pg2 A FFo=2
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Table 1. The groups of experimental rats and the composition of the experimental diet. The basal diet was high fat (120 g lard/kg diet)

and high cholesterol 1 g/kg diet"

Groups

Diet

1. Control

2. Low esirogen supplemented

3. Medium estrogen supplemented
4. High estrogen supplemented

basal diet

basal diet +17 5 -estradiol (300 rg/kg)
basal diet + 17 8 -estradiol (600 xg/kg)
basal diet + 17 g -estradiol (1,200 xg/kg)

1) High-fat and high-cholesterol diet contains Corn starch 438 g; sucrose 100 g: soybean oil 41 g; lard 120 g; cholesterol 1 g; casein,
200 g; L-cysteine, 3.0 g: a-cellulose, 50 g; choline bitarirate, 2.5 g: tert-butylhydroguinone, 0.014 g; AIN 93G sait mix®, 35.0 g; AIN

93G vitamin mix® 10.0 g/kg.

2) AIN 93G salf mix (g/kg): calcium carbonate, 357.0; potassium phosphate monobasic, 196.0; potassium citrate, 70.78; sodium
chloride, 74.0; potassium sulfate, 46.6; magnesium oxide, 24.4; ferric citrate, 6.08; zinc carbonate, 1.65; manganous carbonate,
0.63; cupric carbonate, 0.3; potassium iodate, 0.01; sodium selenate, 0.01025; ammonium paramolybdate, 0.00795; chromium
potassium sulfate, 0.275; sodium meta-silicate, 1.45; powdered sucrose, 221.2268

3) AIN 93G vitamin mix (g/kg): nicotinic acid, 3.0; calcium pantothenate, 1.6; pyridoxine hydrochloride, 0.7; thiamin hydrochloride,
0.6; riboflavin, 0.6; D-biotin, 0.02; folic acid, 0.2; vitamin B, 0.025; «-tocopherol acetate, 15.0; refinyt acetate, 0.8; vitamin D,

0.25; vitamin K, 0.075; powdered sucrose, 974.655

Table 2. The groups of experimental rats and the composition of the expermental diet. The basal diet was high fat (120 g lard/kg diet)

and high cholesterol 1 g/kg diet”

Groups

Diet

1. Control (sham-operated)
2. Control (ovariectomized)
3. Ovariectomized estrogen supplemented

basal diet
basal diet
basal diet + 175 -estradiol (600 xg/kg)

1) High-fat and high-cholestero! diet contains Com starch 438 g; sucrose 100 g: soybean oil 41g; lard 120g; cholesterol 1g; casein,
200 g: L-cysteine, 3.0 g: a-celiulose, 50 g; choline bitartrate, 2.5 g; tert-butylhydroquinone, 0.014 g; AIN 93G salt mix?, 35.0 g; AIN

93G vitamin mix” 10.0 g/kg.

2) AIN 93G salt mix (g/kg): calcium carbonate, 357.0; potassium phosphate monobasic, 196.0; potassium citrate, 70.78; sodium
chloride, 74.0; potassium sulfate, 46.6; magnesiumn oxide, 24.4; ferric citrate, 6.08; zinc carbonate, 1.65; manganous carbonate,
0.63; cupric carbonate, 0.3; potassium iodate, 0.01; sodium selenate, 0.01025; ammonium paramolybdate, 0.00795; chromium
potassium sulfate, 0.275; sodium meta-silicate, 1.45; powdered sucrose, 221.2268

3) AIN 93G vitamin mix (g/kg): nicotinic acid, 3.0; calcium pantothenate, 1.6; pyridoxine hydrochloride, 0.7; thiamin hydrochloride,
0.6; riboflavin, 0.6; D-biotin, 0.02; folic acid, 0.2; vitamin B, 0.025; «-tocopherol acetate, 15.0; refinyl acetate, 0.8; vitamin Ds,

0.25; vitamin K, 0.075; powdered sucrose, 974.655

e ol 2ulel 4ujE H/RE AL F, 3L FERE =
A3k Experiment Bo|X+ sham—operatedthZ-54
A8 2ol 71220)E estrogen?S 600 ug
9] 178 —estradiolo] FRHEHES 31t} (Table 2). 2]0]
o]l AM-=E corn starch ($-8l534¥), sucrose (A
AP, casein (New Zealand Dairy Board, Wellington, New
Zealand), soybean oil (T3, powdered sugar (4
F2AFAAAD & ARSI T cholesterol, cellulose, cho-
line bitartrate, tert—burtythydroquinone, vitamin B,
a—tocopherol acetate, retinol palmitate, vitamin D;,
vitamin K< SigmaAlF& ARE3I o, o]9]e] AJokd
FAb 9 A& Junseirte] Aok AREEISITE

3. SR 7| A S Agotet 2

A FE A 127208 BAAT F, ethyl etherZ v}
AT F AFAAT. FAPIZ AFEE AFs X TF
ot Aol x5 ¥ 2700 X g, 1087 9AEEs ] &
e Ao} YERB (-800) 8tk A dae A3
3 & Relste] Aelads (0.9% NaCh 2 AlAste] o

AZ FEE AAT S FAE S35t 9%S A2
&oll 3% 5444 —80T W¥Eol Baslyich

A AAE o] g3t 5 FTAI 3ol FHAFY
(PRO-PREP™ protein extraction solution, Intron Bio-
technology, 17081)& 10~20 mg/600 pl B]&= Yo
TAGA A AT F A2o0A 307 AT F 44
E71E olgdt d4 #e 3 F AFdg 9L F
Western blot#41-& AA3}{th Western blot #4412 ¢]
& il x% 242 Bradford’ s methodE o] €513 1,
ELISA (SpectraMAX 340pc, Molecular Devices) E ©]
43l 562 nmelA FBEE &3 dd FEE s
pel=

Western blot ¥-4%H& o] 83} COX-2, mapkinses,
bcl-2, bax @92 YAFE SASIGE FU oy
A o) gz APFAI8el 5 X sample bufferE I
78k} 99T, 5E37F 71498 o2 12% SDS—PAGE gelell
A A71%9% (200 v, 2 hr)3l3lt). M7]9% § gelo] ol
A€ membrane (Hybond™-ECL™ Nitrocellulose mem-



brane, RPN303D, Amersham, Mass, USA)°ll electro-
transfer (in electrotransfer buffer, 300A, 2 hr) s} &
WS o) FAF1L blocking buffer (5% fat—free dry
milk—PBST buffer containing 0.1% tween—20)  FA|
ZF %91 blocking 3F3t}. Primary antibody (Rabbit anti
B —actin antibody, 1 : 2000, Goat anti COX—2 antibody,
1 : 1000, Mouse anti pERK, pIJNK, pp38 antibody
antibody 1 : 1000, Rabbit anti bcl—2 and bax, 1 : 1000
dilution, Santa Cruz Biotech, USA) = &oA] FA)7k
B whEAIZ L, PBSTE 1587 43 AHs0ith Se-
condary antibody (Goat anti rabbit IG JRP conjugate,
1 : 1000, Rabbit anti Goat IG HRP conjugate, 1 : 5000,
Rabbit anti mouse IG HRP conjugate, 1 : 2500 dilution,
Santa Cruz Biotech, USA) & A=2ellA g Azt F<t 4t
SA171aL o) 154831 48] AF3181c ECL (enhhanced
chemiluminescence) detection reagent A (substrate):
B (enhancer) =1 : 12 % &9 137+ i-EAIZITH
SFA1olA membrane® film (Scientific Imaging Film, Ko-
dak, USA)& 23 1% ¥AF Devioper (Vivd, USA),
H,0, Fixer (Vivd, USA)&2 2 films B & AZAA
g o) =S 4313tk Western blot 4%l 1}
Ebt band5-2 densitometerE ©]&31] EAIEHSI

g7l PGEy 535+ A4WIYkit (Amersham Phar-
macia Biotech, UK) & AMg31e] S43819]th

4, AlgME I 2N

PGE, A823= SPSSE o431 FAX=E slsich
7z 79§92 AAL One—way ANOVARAE & ¥
Duncan ¥ 2.2 AR 7L 31921 p <0.055FNA
A8 A4S B

3

=

1. Experiment A

48579 &gk AA A, F, I %Y estrogens
Fojsto] AAZA ] COX-29] 2ds AMEAE A 5
9] estrogen FoJA] COX—2 &&o] )=o) njsle] o
T ZAE BoFgla F 35 2 1 FEY estrogen
FojA| izl Bisle] COX-2 @io) Frish= 3Ee
Hoj o] Ao nFE (1200 rg/ke)Sl estrogen
Fojol gstel COX-2 @¥d ol T71gs B2 &
th (Fig. 1). o818t COX—2%8 %} mapkinases?] ¥&
2] dggel diste] AwE A3} pERK1/2E COX-2
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COX-2

B-actin

Fig. 1. Expression of COX-2 after three different levels of estrogen
treatments in mature female rats. Rats were treated with basal
diet, low estrogen (300 #g/kg). medium estrogen (600 1 g/kg)
and high estrogen (1200 #g) for four weeks. Heart fissues were
collected and lysates were prepared, subjected to electroph-
oresis on 7% SDS-PAGE, Western- blotted, and visualized with
ECL detection kit described in Materials and Methods. Lane 1.
Control, lane 2. low estrogen freated, lane 3. medium estrogen
treated and lane 4. high estrogen freated respectively as de-
scribed in Materials and Methods.
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Fig. 2. Expression of pERK (top) and pp38 (bottom) after three
different levels of estrogen treatments in mature female rats.
Rats were treated with basal diet, low estrogen (300 xg/kg),
medium estrogen (600 ¢ g/kg) and high estrogen (1200 g} for
four weeks. Heart tissues were collected and lysates were pre-
pared, subjected to electrophoresis on 7% SDS-PAGE, Western-
blofted, and visuadlized with ECL detection kit described in Ma-
terials and Methods. Lane 1. Control, lane 2. low estrogen tre-
ated, lane 3. medium estrogen treated and lane 4. high estrogen
treated respectively as described in Materials and Methods.

s} B} gl Ze=Z JERRIL phospho—p389 7%
oFzke] dwAdo] Rol= Zo® Uttt (Fig. 2). COX—
2¢] 229 )l A PGE,S £52 &332 4
% ¥ FE9 estrogen FolFo] & ¥EE HERIN
2 VoA F5L zo|E ®Bolx] Yttt (Fig. 3). Estro-
genoll &3 ¥7 PGE,S LTt estrogen ¥ FET
oM 7 EA Uehd £& EFEoiME COX-2 2dn
fFAME Z3E Rolgla A &S F3F FEA PGE,
FE7} @Yo} estrogen FEo| WE A2 HojA| ol
COX—2 w7 th2 AL Bl AR uule] Bojsh=
apoptosisZ oA A& FPsR= bel-29) bax ] #



34 [ AAEZ AL COX—2, Mapkinases, Apoptotic Markersel] #1393

800
700 ?
600
_ 500
3 400 |
& a0 —
ﬁ a 9 a
s I i P Y -
1 2 3 4
Group

COX-2

g -actin

Fig. 3. The concentrations of plasma PGE: after three different
levels of estrogen tfreatments in mature female rats. Rats were
treated with basal diet, low estrogen (300 #g/kg). medium es-
frogen (600 xgfkg) and high estrogen (1200 x Q) for four weeks.
PGE; was determined with an enzyme-immunoassay kit (Amer-
sham Pharmacia Biotech, UK). Lane 1. Control, lane 2. low es-
frogen treated, lane 3. medium estrogen treated and lane 4.
high estrogen freated respectively as described in Materials and
Methods. Lane 4 was significantly different from 1,2,3 at p<0.05
by ANOVA test.

bcl-2

B-actin

Fig. 4. Expression of bcl-2 (top) and bax (bottom) after three di-
fferent levels of estrogen treatments in mature female rats. Rats
were freated with basal diet, low estrogen (300 2 g/kg). medium
estrogen (600 #g/kg) and high estrogen (1200 «g) for four
weeks. Heart tissues were collected and lysates were prepared,
subjected to electrophoresis on 7% SDS-PAGE, Western- blotted,
and visualized with ECL detection kit described in Materials and
Methods. Lane 1. Control, lane 2, low estrogen freated, lane 3.
medium estrogen treated and lane 4. high estrogen treated re-
spectively as described in Materials and Methods.

o] COX—29 &d 7} ofujgt #AE 7R wu7]
Aot bel-28) bax e wae T2 A} A3elA bel-
29} bax9] 2L estrogen ¥Eol we} xpo)E HAF

=49 bcl-2% estrogen®] F7F TEZ T8 A 7}
& ¥}k bax+ estrogen Folol| 2Jste] Frls=t] A
EEoAN 7 w1, S B FE B2 R4 2

Uebdtet (Fig. 4).

2 Experiment B
%3 Ao)A 9 estrogenFoIe} FaEAR -|4°1V\1-4
estrogen o7} COX—29¢] Wgle] njxl= °é' s w3
3}7] §151¢] Experiment BojAdE YAaEA &S "]?@3]'04
estrogens EJ3lgtt WA EAE FolA e estrogen

Fig. 5. Expression of COX-2 after estrogen treatments in ovariec-
timized female rats. Rats were treated with basal diet (sham-
operated), basal diet (ovarectomized) and estrogen (600 g/
kg) for six weeks. Heart fissues were collected and lysates were
prepared, subjected to electrophoresis on 7% SDS-PAGE, Wes-
tern- blotted, and visualized with ECL detection kit described in
Materials and Methods. Lane 1. Control (sham-operated), iane
2. Control (ovariectomized), lane 3. Estrogen (600 1 g/kg: ova-
riectomized) treated respectively as described in Materials and
Methods.

PERK
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Fig. 6. Expression of pERK (top), pIJNK (middle) and pp38 (oottom)
after estrogen freatments in ovariectimized female rats. Rats
were treated with basol diet (sham-operated), basal diet (ov-
ariectomized) and estrogen (600 «g/kg) for six weeks. Heart
tissues were collected and lysates were prepared, subjected to
electrophoresis on 7% SDS-PAGE, Western- blotted, and visualized
with ECL detection kit described in Materials and Methods. Lane
1. Control (sham-operated), lane 2. Control (ovariectomized),
lane 3. Estrogen (600 1 g/kg; ovariectomized) treated respect-
vely as described in Materials and Methods.

TEE SRR GAEAE o2 T
3} sham—operated tJZZ1tel AJo]E HO)A] 9o} end-
ogenous estrogenBTthH= 2]¥ oA H7}5hk= estrogen®ll
o s W2 Bole RS ¥ 7 UMY (Fig. 5). ©)7
3 COX-29] F7K= pERK?) F7is} #E /e A
o2 Ho|n pJNKU pp38at duAdE Holx st

Fol= COX-29



1 2 3
bcl -2
bax ;
B-actin

Fig. 7. Expression of bcl-2 (top) and bax (boftom) after estrogen
treatments in ovariectimized female rats. Rats were treated with
basal diet (sham-operated), basal diet (ovariectomized) and
estrogen (600 xg/kg) for six weeks. Heart fissues were collected
and lysates were prepared, subjected to electrophoresis on 7%
SDS-PAGE, Westemn- blotted, and visualized with ECL detection
kit described in Materials and Methods. Lane 1. Control (sham-
operated), lane 2. Control (ovariectomized), lane 3. Estrogen
(600 pg/kg: ovarectomized) treated respectively as described
in Materials and Methods.

(Fig. 6). P24 oMY estrogenFoiol 4343 bel-
29} bax7} E7Fke Ao g Vet (Fig. 7).

nl

E AFE =3 Hox9 A7ir) 529 estrogend
05152 o} FAaEARA e estrogend Foislig =
o] A (A5E FY oA CoX-2 BEe) Hals A
3tk A4k oMo COX-29) Bae estrogens A
TER FAE B¢ HAP 1 oV FreME &
8|8 F7khe A BoFeleH PGESY A9+ I %
A 7} B3 estrogenEEs} ¥ A% PGE, =57}
ZAaste] gzt vt AES BTk daEA”
FolA 2] estrogen Fol& COX—-29 715 B3R o o]
T #H o|dlA FH3t Sl COX-29] 571 € PGE,
©] ZF7H= COX-2 derived prostanoidel 213t S=73}
astaap} 7t A ARBlET T £ 4 Qi 2
AT E estrogen FoIA] #7E A A7 #H7A 2] F A
71l estrogen Foiel &J3to] W] COX-2 F7H& 7}
AT PGE, $EE AsABo2 $973 dstas
£ F A 0 veid = vk 2 301 R A
gE BYs7] Y8todME estrogeno] A FEWHOZE B
3 Ao B At} 72fy sham—operatedtZ1t0]
W @A 2)31] endogenous estrogen] %2 A
o7} ehgelE B3ty COX—2 2&e Aolg HolX|
Sty o) gJHeA Ak %7} endogenous es-

HWREAE 2 e 38(1) :30~39, 2005/35
trogend] 497t thE & veRF COX-27} &%
A 7V estrogenell A o= BRIt A
ol estrogens FFUIAME, FHEZAE Y vascular
stromal A|¥1} leukocyte 918 $7F9 A2y daE =
dahe EAZ oA ok wlgA estrogens WA
359 2 GFNE Y FQ 2HEEAR 243 7FsAo)
=01 & F J9® Estrogens @713, tidaler) A8
AN FEFHEE she Zo® Ry oy
WHI A7-lxA8 #13717F 88 A 3¢ estrogen©]
proinflammatory agent® &4l RHo® et
0|23t estrogen? e A¥= estrogenol] 93 FF
BEE ZERLo] w7 F Ajglo] A we) #gkEw o
= estrogen receptord] A d#AE 7HXEER= 9]
E25 U5 Ik E2 59 estrogen §9IA| PGE,
Z718rs RolE A= estrogen EAISIA COX—
28] 2| o5 protaglandin® FAJo] F7rehH
olF ¥ ¥, 53] prostacyclin L ¢H FHlMY oxi-
dant stress$} platelet activationg 9A|sle] FHAZA
& Al #E Aol YE Ao Hny?
a3y 9 FRASS FEREAME A
COX—-2 o] Z7150] 9o thromboxane 52 pro-
staglandin34-& £Z13)] MX adhesion® £45 FX
AlA 0737t detdvhs A3A%E Rusy ok
A geAA L] A7 Ee 1EY, A3, Ay
o] AT AAwppio] o] MAAELS] 3|8 FofA
#H77] o/ dolt FA ] 2] RAFEH o)& es-
trogen®] genomic ®¥ non—genomic ¥ genomic”d
25 T3l 29 Jehlle AV oR Bold o5 F
AR Y BF A X £R3R= estrogen receptor
alpha® o beta'’ ol olsle] AE7} 22L& B =)
°]F receptore WHAXLU FEZAE T2 azA |
BE o} EA8ch*® ERa7} estrogens AR 532
of st AoR Hol=dH ERe’l AWE EAEAL
AN HHzgolvt FHATFT AFE HAFE
A3 ERa7t Hds] ZAGE FHolA 9 estrogend] 2-8E
S 5Y YA ERe 9 A& 21 & Q.
ERB Y 445 AFe E83LS Yeh Y ERe R 2
AR FAEE FYPSe AoRE Holx] Ytk Es-
trogene receptord &= &J3}Y] steroid response
elements”} A= o]& target genes?] promoter ¥
£ 25381 Aog HIth® Estrogen® non—genomic
regulation ERe 2] A=) 2}3F Pl3kinase?] 43l
£ eNOS 59 a4 848940l F5& Wy 9l

do
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t}l* Estrogeno] ERe & A}=38lo] COX-29 HAS &
FIAA PGL, Aol Tl ol 59 estrogend]
g FUAs} vyl 2ARthE A8 FAYE wjFo
B COX-2 A4 XL ERe A= #o] 4 RAe
& F vk & d7oA vehd COX-2 #d9 F7t9)
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