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ABSTRACT

Background[ Although postmenopausal estrogen replacement therapy is known to reduce cardiovascular
mortality, the mechanism is not clear yet. Furthermore, the effect of estrogen on vascular tonus is reportedly
variable according to the animal models, vascular beds and agonists used. Materials and Method[] Bilate-
ral ovariectomies were performed in 12 week-old, 18 spontaneously hypertensive rats (SHR) and 18
normotensive Wistar-Kyoto rats (WKY). Rats were divided into three groups according to the dose of 173-
estradiol (E,) pellets implanted subcutaneously two weeks after ovariectomy control (no implantation), low-
dose (0.5 mg) and high-dose (5 mg) E, replacement group. Two weeks after pellet implantation, organ bath
experiments were performed using descending thoracic aortae. For endothelium-dependent relaxation,
acetylcholine (10 =3x 107° M) was cumulatively added into the vessels precontracted with 10~ M norepine-
phrine (NE). For vasoconstrictor responses, cumulative concentration-contraction curves were constructed in
quiescent vessels using NE (10°—=107 M), U46619 (10°-3x 10 M), endothelin-1 (107°—107 M). In
addition, contraction to angiotensin 0 (10~ M) was also obtained. Serum 17B-estradiol levels were measured
by radioimmunoassay. Blood pressure was measured by tail-cuff method in some SHRs before ovariectomy
and after placebo/E, replacement. Results[] Endothelium-dependent relaxation to acetylcholine was impaired
in WKY treated with 5 mg E, (pICso] control vs 5 mg E,[0 7.75+ 0.13 vs 7.27+ 0.1600 n0 60 p<0.05). No
significant effect was noted in SHR. Contraction to angiotensin [J was inhibited by low-dose E 2 in WKY
and high-dose E, in SHR (% of the contraction to 60 mM KC10 WKYO control vs 0.5 mg E,[0 39+ 5 vs 25+
20 SHRUO control vs 5 mg E,034%4 vs 22+ 20 n0 6 and p<0.05 in WKY and SHR). In contrast, NE-
induced contraction was enhanced by E 2 replacement (both low- and high-dose) in WKY and SHR (WKYO
control vs 0.5 mg E, vs 5 mg E,[0 AUCO 280+ 24 vs 387+ 26 vs 374+ 250 maximal contraction] 137+ 8 vs
166% 8 vs 162+ 30 pD,1 7.63+ 0.11 vs 8.17+ 0.13 vs 8.13%+ 0.1300 SHROI control vs 0.5 mg E, vs 5 mg E,[1
AUCO 265+ 17 vs 349+ 16 vs 406+ 190 maximal contraction[] 152+ 6 vs 181+ 9 vs 203+ 160 pD,[] 7.45%
0.13 vs 7.91£ 0.08 vs 8.04% 0.040 n 6 and p<0.05 between control and treated groups in WKY and SHR for
all parameters). Contraction to U46619 was enhanced by E, replacement in SHR (control vs 0.5 mg E,O

goobOoboob,ee0-751 00 OO0 OO0 92 OUOUODLOO DODOO oDOOoOO
000 (0591) 750—8065- 000 (0591) 758—9122
E—mail] bgseo@nongae.gsnu.ac.kr

528



AUCO 478+ 30 vs 574+ 2300 maximal contraction] 181+ 9 vs 230+ 100 nJ 60 p<0.05 for both parameters).
Maximal contractile response to endothelin-1 was also enhanced in SHR (control vs 0.5 mg E; vs 5 mg E,00
maximal contraction[] 165+ 7 vs 189+ 7 vs 199+ 800 nJ 6 and p<0.05 between control and treated groups)
but not in WKY. Blood pressure was not different between placebo and E,-treated SHR (1712 vs 174+ 4
mmHg). Conclusion[] In WKY, chronic high-dose estrogen replacement impairs endothelium-dependent
relaxation to acetylcholine. [] low-dose estrogen replacement does not affect endothelium-dependent
relaxation in SHR and WKY. Estrogen replacement enhances the contraction to most of the contractile
agonists tested except angiotensin II in both WKY and SHR. These results suggest that estrogen replacement
affect the vascular tonus differently according to the vasoactive substances and/or hormones without
significant effect on blood pressure. (Korean Circulation J 2000:30(4):528-539)
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Table 1. Effect of 17B -estradiol (E2) replacement on
endothelium-dependent relaxation to acetylcholine
in Wistar-Kyoto (WKY) and spontaneously hypertensive
rats (SHR)

Maximal

relaxation PICs0
WKY (nO 6) Control 90.2+ 3.5 7.75+ 0.13
0.5 mg E2 92.5+ 3.1 7.64+ 0.15
5mgE2 80.5+ 5.9 7.27+ 0.16*
SHR (nO 6)  Control 100+ 5.1 7.83+ 0.12
0.5 mg E2 91.1% 5.1 7.57+ 0.08
5mg E2 91.1+£ 3.7 7.48+ 0.11

The pICso denotes the negative log molar concentra-
fions of acetylcholine needed to relax the vessels
down to 50% of the precontraction induced by nore-
pinephrine (1077 M). Data are expressed as meant
SEM. *0O p<0.05 versus control
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Fig. 1. Effect of 17B -estradiol replacement on endothelium-dependent relaxation to acetylcholine in Wistar-
Kyoto (WKY) and spontaneously hypertensive (SHR) rats. Data are expressed as mean+ SEM.
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Table 2. Effect of 178 -estradiol (E2) replacement on the contractile responses to various agonists in Wistar-Kyoto
(WKY) and spontaneously hypertensive rats (SHR)

WKY SHR
Agonists Group (nO 6) (nO 6)
AUC Max pD2 AUC Max pD2
Control 280+ 24 137+ 8 7.63+ 0.11 265+ 17 152+ 6 7.45+ 0.13
NE 0.5mg E2 387+ 26* 166+ 8* 8.17+ 0.13* 349+ 16* 181+ 9* 7.91+ 0.08*
5mg E2 374+ 25* 162+ 3* 8.13+ 0.13* 406+ 19* 203+ 16* 8.04x 0.04*
Control 389+ 18 162+ 6 8.22+ 0.06 478+ 30 181+ 9 8.51+ 0.08
U46619 0.5mg E2 431+ 12 181+ 4* 8.26+ 0.09 574+ 23* 230+ 10* 8.49+ 0.06
5mg E2 449+ 15* 177+ 8 8.43+ 0.08 525+ 28 211+ 10 8.42+ 0.05
Control 217+ 19 157+ 9 8.52+ 0.09 253+ 10 165+ 7 8.73+ 0.06
ET-1 0.5 mg E2 231+ 12 171+ 8 8.55+ 0.07 291+ 17 189+ 7% 8.76% 0.08
5mg E2 246+ 12 182+ 10 8.57+ 0.09 307+ 16* 199+ 8* 8.79+ 0.10
Control 39+ 5 34+
ATl 0.5 mg E2 25+ 2% 29+ 4
5mg E2 33+ 6 22+ 2%

AbbreviationsO AUCO area under the curvel MaxO maximal confractiond NEO norepinephrined ET-10 en-
dothelin-10 AT 11O angiotensin Il. pD2 denotes the negative log molar concentrations of agonists needed to
contract the vessels up to 50% of the contractions induced by 60 mM KCI. Data are expressed as mean+ SEM.
*0 p<0.05 versus control

240 7 WKY 240 7 SHR
O Control O Control

g 2007 e E:05mg £ 2007 eE:05mg
ke D E:5mg 50 OE:5mg

=X n=6 =¥ n=6

& 160 §s 160

SE °E

[ [

-2y Qo

~O :\kD

S§o 120 A Sgo 120 -

0 c 0

oS 801 €5 4o

Qe Le

® 9 80

[VRY) O]

2 :

= 40 1 e 40 1

0 - T T T 1 0- & T T T 1
9 8 7 6 5 9 8 7 6 5
Norepinephrine (-log M) Norepinephrine (-log M)

Fig. 2. Effect of 17 -estradiol replacement on the contraction to norepinephrine in Wistar-Kyoto (WKY) and sp-
ontaneously hypertensive (SHR) rats. Data are expressed as mean+ SEM.
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Fig. 3. Effect of 173 -estradiol replacement on the contraction to angiotensin Il in Wistar-Kyoto (WKY) and spon-
taneously hypertensive (SHR) rats. Data are expressed as mean+ SEM. *O p<0.05
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Fig. 4. Effect of 17B -estradiol replacement on the contraction to U46619 in Wistar-Kyoto (WKY) and spontan-
eously hypertensive (SHR) rats. Data are expressed as mean+ SEM.
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Fig. 5. Effect of 178 -estradiol replacement on the contraction to endothelin-1 in Wistar-Kyoto (WKY) and spon-
taneously hypertensive (SHR) rats. Data are expressed as mean+ SEM.
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000 nitric oxided OO0 O0OO0O 0OO0O OO
0 00 ODOoooobo boobooo booo oo
U0 bDodbdd 0O booboo boob boo
gob 0oob b0 oUob oo obo ooog.

000 cyclooxygenase 0000 O00O0O0 O0OO
gob odb ooboo boo Oobo ooob oo
00.00000 00O 000 sHROO acetylcholine
0 0b oobb Oo0ob ooboo obooo oo
000 00D0® 000 0000 00 00000
0 0oodo oob bo oboobo ooo booo
U 0odb 0bd0d U0 0bo 000 oboob boo
goooob oob boo ooodo. oo oo o
J0ob0db0 000 0000 00 2 0DO0O OOO
00obdo OO0 0boo Oob sHRO 00O Ex O
U0 boodbdd boo booob 0 oooo o
U0 00 0b.0 bobbo obob booboo
00 000 ooobo bobo booboo oo ooo
0000 OO0 OO0 000 00 oodd acetyl—
choline OO0 nitric oxided OO0 OOO0O OO
agonist O, A23187, ADP, serotonin, bradykinin O
0 00 Oooboo oboboo oobooo o ooo
agood.

U Jobdb booboob boo oboooda
000 O0D0O0O0O. 00 norepinephrined OO OO
0oooo sHRO WKY OO 00000 ogo g
00 dobdo. 0obo bobo oob o ooboo
000099 0 goo 0000 000 0000
00 OO0OO000 norepinephrine OO0O0 OOOO
0 000 000 0O 00.27 cheng 00 000D
0O 00O OO0 Sprague—Dawley O OO0 norepi—
nephrinel 00O 00000 ODOOOO0O OO0O O
U0 oob 00O 0DbOob obboo. obo boo
ooo ooo ooboo oobo oobooo ooo o
00 000 Dooooo ob booo ooboo
0000. 00000 OO0 O norepinephrined OO
doodno Ooboo wkyh OO SHROO O OOO
00 00 000 sHROOO 00O oboooo o
00 0000 oboobo oobo o 0 obo oo
WKYO OO ODO0b0oOo odb Oob oobo o g
000. 00 OO0 OO0 SHRO norepienphrinel
00 000 O0boo Oobo bobo 0 oboo o
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000 0000, Norepinephrined OO OOO0O O
000 00 00ob boobo obooo oo o oo
0 000 ODOOOO00 SHROO norepinephrinel
U0 boo boobd Oobo 0obo ooooo o
0 doo ood oo, oooo oobo oo oo
gobdn bo0 boobo oboob ooo o
00 norepinephrine OO OOOO0O0 OOOOO
o0 boob 0oob bob bobo ooo ooo
o0 oo ooo oood.

Norepinephrine OO0 OO OO0O0O0 OOOOO
angiotensin 11(10~ M)J 00 00O SHRO WKY
ooobd ooooo oob oo ooooo. oo
0, SHROOO OO0 DO0O0O0OO0O OooOoo god
00 wkyOOO OO0 bDOooooo ooooo o
00.000000 00O oooo oodd angio—
tensin II0 OO O0O0O0O OO0OO OoOOOO OO
00 00O oob oboob 0 o odo.o oooo
U 0db 0ob b0 b0o 0oob 0o b bobo oo
000 angiotensin 110 OO0 O0O0-00000 OO
0 0O000O. 000 OO0 00 angiotensin 11 OO
(0 2x10° M) 30)0 O 0OOOO OO0 angio—
tensin Il |Z||Z|(10_7 MO 000 000 00 ogd
U goo 0 oobdod obob bodg oboo.
Angiotensin 110 OO0 00000000 OOOOO
000 000 00000 ooo oo oo o
00000 0ODOD00O0O 000 angiotensin 1l OO0
0 0000 (downregulation) OO OO0 OO O
00000% DoOoDO00 angiotensin NO OO O
0000 oodoo ooo obo oooo.oog, Ca—
rriere 030 estradiold 00 OO0 OO0 OO
0 00000 angiotensin Il OO0 OO OOO0OO
gob oobdd bodbd oboo oo o b
000 000000 angiotensin 110 OO O 00O
00 ODoobooo ooo oo oooo ooo oo
goo oooo.

0 00O00do u4eel1o0 OO OO0OO OOOO
gobdn bd0d bO00 bo0o obobo boo b
goobd. d, sHROO 000 ODooood u4e619
0 00 Ooooo@uoooo o ogoo)o oo
00d0. 0oao, norepinephrined] OOO0O OO OO
00 u4e6190 00O OOOOO OOOOO OOO
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000 00 0000 00 pb, 00 OO0 U466190
00 000 ODO(sensitiviy)D 0000 OO0
0000. WKYODO 000000 00 000000
000 00 000 000000 000000, 00
0 0D0O0O0O0 000000 0000 00000.
000 0000 000 000000 SHRO WKY
00 U466190 00 OO0 00000 00000 O
00 O 000. Thromboxane A0l 0000000
00000 0000 OO0 0000 0000000
0000 0000000 00,00 00 000 00
0 0000 00. 000 00000 000 throm—
boxane A, analogd U466190 OO OOOOO0O
000000 OO0 0000 0000 00 00 00
0 00 0000 000 0O000. 00 0000 O
000 Farhat 00 1000 OOOOOO OOO
00 0000 U466190 00O OO0 000000
angiotensin 110 00O OO0 0O0O0OO O0OOO OO
000.00 OO0 O0OO0OO0o0 000 indomethacin
0 00D 00000 000000 000 0000
0 000 00 u4e6190 OO 000000 OO0
cyclooxygenasel 00 000 O00OO0O O0OO OO
00.® 00 000000 thromboxane A, OO0
0 00 D000 OO0 000 0000 00 000
00000 O 000 Ed thromboxane A, OO0
0 000 00 0000 000 00 00o00.® oo
0 0000 OO00000 thromboxane A0 OO0
0000000 000 OO0 0000 000 0 00.

00000 000 endothelin-10 OO0 OO0 O
00 000 SHROOOD OO0 OO wkyooO O
00 000 000 000.SHRO 00 O 00 OO0
0 00000 OO0 endothelin-10 OO0 0OOOO
00 DO000.000, U46619000 OO pD. O,
0000 000 000. Endothelin—10 OO0 OO
000 DO0OO0OO0OD 000 OO0 00000 000
00O endothelin receptor antagonistd] 0 OO0 OO
000 0000 0 0000 00®®0 oooo o
000000 000000 0000. 0 0000 O
00000 000 00 00000 00 00 000
endothelin-1 000 0000 DOOOO OO OO
0 000 000 0O 00 0O0. 0000 endot—
helin-10 0OOO0OO00OO0OO0O 0ODOOOO OOO

00 00 (abluminal release)0 00 OO endothe—
lin-10 00 000 O 00 OO0 OO0oO oood
0ooo0. WKy 00O OO0 SHRO OO OOO0OO
0 000 endothelin—10 OO OO0OOOO O0OO
o000 0odbo oobooo oboboo ooo ooo
gobd o0 0Ob bo0 Ob boob oo oo
0 0o ooo oood.

gob 000 O00bOo oboob oo boo
SHRO WKY 0000 O00O000 OO0 ooog
00 d0obd OO0 bobo oo oboooo boo.
00 norepinephrined] OO OO0 OOOOOO O
00 000 boobooo, boo gobod u4e619
O endothelin—10 OO OO0O0O OO O0OOO O
00 O O000. 00 angiotensin 110 OO0 O0O0O0O
U0 oobdb 0o0b bbo goboo. ob oo
0 0ob 000 0bo0o 0Ob oo obobo oo
0 00O 0oobo ooooo ooodo. ooo oo
00 00*®0 000 000 000 OO000 00
ooo0 ooo oobo bobo O ooobooo ooo
U dd. bdd 0bodb boo oboo oo o
000 000 Oobo Ooob bo oobo oo oo
00 SHROOO OO0 OO0 DoOO0 o gooo o
U0 bodbd 0obdo boob oo bo oo
0 oood.

FO
2

N E:

000000 000000 000 000 0000
0000 0000 000 00 0000 00 00 O
000 000 OoO.

ME 3 e

12000 spontaneously hypertensive rat(SHR)
0 Wistar—Kyoto rat(WKY)O 00000 ODOOO
20 00 3000 00 OO0 D000 17B —estr—
adiol pellet(E:005 mg O 5 mg)d OO0 OO O
000 20 00 0000 0000 organ bath 00
0 0D0000. 0000 000 00000 norepi—
nephrine(10~’ M)OO 0OOO0OD OO0 acetyl—
choline(10~°-3x 10™* M)O OO0 OOOO DOO
00000, 00000 norepinephrine(10~°—107°
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M), angiotensin 11(10~" M), U46619(10°-3x 107°
M) O endothelin—1(10™°-10~" M)J OO OO-
goboob boood.

2 I

doboobo ooboo sHRO OO0 E, OOO
gob 0bod 0b 0bob wkydDl 00O E0O O
O0O000(@lCs0 000 vs5mg E;, O0O0O0O7.75+
0.13 vs 7.27+ 0.1600n0 60 p<0.05). Angiotensin Il
0 00 0OO00o00 wky SHR OO E; OOO O
0ooo@eo mM KCIDOO OO0 %OsSHROOOO
vs 5 mg Ex0 034+ 4 vs 22+ 2[0n 60 p<0.050
wKYOOOO vs 0.5 mg Ex0 039+ 5 vs 25+ 2[0n
060 p<0.05). OO norepinephrined OO 0O0OO
E, 000 ODOOOOGHROOOO vs05mg E; O
00 vs5mg E, OO0O00OO0OOOO265 17 vs
349+ 16 vs 406+ 1900000(60 mM KClIOOO
00 %)0152+ 6 vs 181+ 9 vs 203+ 160 pD,0
7.45 + 0.13 vs 7.91+ 0.08 vs 8.04+ 0.040n060
p<0.05). U4661900 OO OO0 E, OO0 OOO
0oooo(HROOOO vs05mg E; OOOOO0O
0000478+ 30 vs 574+ 230 00000181+ 9
vs 230+ 10 00 nd 60 p<0.05). Endothelin—10 OO
0000 0o sSHROO E, OO0 ODOOOO@onOo
vs 0.5mg E; 00O vs5mg E; 0000165+ 7 vs
189+ 7 vs 199+ 800 nd60p<0.05). OO0 OOO
00 k0000 00074+ 4 mmHg)d O00O0ODO
0 00 D0DD@71+ 2 mmHg)D 000 OO0 O
gd.

3 E:

gobd 0 e, 00O DOODO ODODOD OboO
00 ODooooo ooo ooo Ooboo oooo o
U0 obodo goobog good.

M S0 0O0000- D000 000 oOooo-
goooo. oogoo.

n ZAIE
0 000 199700 0000000 000ooooo@o o
97-80) 0000 OO0O0OOO 000 OO0 OO0 ood
00 oooooo.
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