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Estrogen Affects Vascular Tone Differently According to Vasoactive
Substances in Ovariectomized Sprague-Dawley Rat
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—— Abstract

The favorable effects of estrogen on cardiovascular diseases can be explained by several mechanisms such as changes
in serum lipid profiles and thrombogenecity. Estrogen also affects the vascular tone, but there has been no report in which
the effect of estrogen was tested comprehensively for several vasoactive substances, especially after long-term administration.
Two weeks after bilateral ovariectomy in 8-week old female Sprague-Dawley rats, placebo or 17 B -estradiol (E;) pellets
(0.5 mg; released over 3 weeks) were implanted subcutaneously, Two weeks after pellec implantation, organ chamber
experiments were performed using aortae. Compared with control, Ej-treated vessels showed impaired endothelium-
dependent relaxation to acetylcholine. E; enhanced the contraction to norepinephrine and U46619 and had no effect on
endothelin-1-induced contraction. In contrast, the contraction to angiotensin (AT)-II was inhibited by E,. Northern blot
analysis for AT, receptor expression using cultured aortic smooth muscle cells showed no difference berween concrol and
Ep-treated cells, suggesting that AT, receptor downregulation is not the likely mechanism. These results suggest that E,
affects the vascular tone variably according to vasoactive substances.
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INTRODUCTION

The incidence of coronary artery disease is increased
in postmenopausal women and epidemiologic studies
have suggested that hormone replacement therapy
may prevent its occurrence. Estrogen prétecrs the
cardiovascular system by several mechanisms. First,
estrogen has a beneficial effect on serum lipid profile;
low-density lipoprotein (LDL) is decreased and high-
density lipoprotein is increased by le:r,tmgc':n.3 In
addition, estrogen has an antioxidant effect preven-
ting the oxidation of LDL which is more atherogenic
than native LDL.* Serum fii:urirm-genj'6 and plasmi-
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nogen activator inhibitor-1’ are also decreased by
estrogen, thus reducing thrombogenecity, Interestin-
gly, estrogen also affects the vascular tone. Previous
reports suggested that endothelial function is im-
proved by estrogen, probably mediated by increased
release of nitric oxide.”" Estrogen also has a direct
relaxant effect on vascular smooth muscle indepen-
dent of the endothelium,'®" However, the effect of
estrogen is variable according to experimental set-
tings. For example, estrogen increases the contractile
response to norepinephrine in the rat aorta.” In add-
ition, the contractile response to thromboxane analo-
gue U46619 is decreased in the coronary artery of a
guinea pig”’ but increased in the pulmonary vessel of
a rat.”! Thus, the effect of estrogen on vascular tone
seems to vary according to the animals, vascular beds,
and vasoactive substances used for experiments, and
possibly the treatment period as well. We invest-
igated the effect of estrogen on the responses of blood
vessel to various vasoactive substances in ovariecto-
mized rats. To specifically determine the chronic
effect of estrogen, we used subcutaneously implanted
estrogen pellets which were released over three weeks.
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MATERIALS AND METHODS
Materials

Female Sprague-Dawley rats (8 weeks old) were
anesthetized  intramuscularly with ketamine (4.25
mg/kg) and xylazine (0.3 mg/kg), and both ovaries
were removed in prone position. Two weeks after
ovariectomy, the rats were divided into a placebo-
(control) group and a 17 B-estradiol (E,)-treated
group. In the Ez group, 0.5 mg E; pellets (3-week
release form) were implanted subcutaneously with a

10-gauge trochar. Corresponding placebo pellets were

implanted in control rats. Two weeks after pellet
implantation, the rats were anesthetized in the same
way. Venous samples were obtained from the femoral
vein for measurement of serum E; and the thoracic
aortae were obtained for organ chamber study.

Methods

Organ chamber study: The thoracic aortae were
kept at 4°C until experiment in modified Krebs-
Ringer bicarbonate solution (control solution; NaCl
118.0 mM, KCl 4.7 mM, CaCO; 2.5 mM, MgSO4
1.2 mM, KH,POs 1.2 mM, NaHCO; 23.0 mM,
EDTA 0.026 mM, glucose 11.1 mM). The vessels
were cleaned of adherent tissue and cut into rings 3
mm in length. The vascular rings were suspended in
the organ chamber between two stainless steel stir-
rups and isometric tension was measured via a force
transducer by physiograph. The vessels were stretched
in multiple steps until optimal preload (2 gm) was
reached. After waiting 30 minutes for the vessels to
stabilize, contraction with. 60 mM KCl solution fol-
lowed by washing with control solution was repeated
two times. For contractile responses (below), contrac-
tion with 60 mM was repeated once again. The last
KCl contraction was used as a standard to normalize
the contractile responses for each concentration of
agonists.

Endothelium-dependent relaxation to acetyl-
choline (ACh); After the tension returned to base-
line, the vessels were precontracted with norepine-
phrine (NE; 10 M) and cumulative concentrations
(107°~3x10"° M) of ACh were ‘added.

Contractile responses to NE, U46619 and end-
othelin (ET)-1; When the tension returned to base-
line after the last KCl contraction, cumulative con-
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centrations of NE (10 °—10"" M), U46619 (10"~
3% 107° M) and ET-1 (10™'*~ 107" M) were added
to the quiescent vessels.

Contractile response to angiotensin (AT) II;
When the tension returned to baseline after the last
KCl contraction, a single concentration of AT II
(10”7 M) was added into the quiescent vessels. Cu-
mulative concentration-contraction responses could
not be performed due to the easy desensitization of
vessels to AT II.

Aortic smooth muscle cell culture: Vascular
smooth muscle cells were ‘isolated from rat thoracic
aortae by enzymatic dissociation and characterized as
described previously.22 Cells were cultured in Dulbe-
cco’s modified Eagle’s medium (DMEM) supplemen-
ted with 10% heat-inactivated fetal bovine serum,
100 U/ml penicillin, 100 g#g/ml streptomycin and
0.25 pg/ml amphotericin B. Cells from passage 11
were made quiescent by incubation with serum-free
DMEM for 24 hours, and then treated with 1 uM
E, or vehicle (100% ethanol). Cells were harvested at
0, 3, 6, 12 and 24 hours after incubation with E;
or vehicle.

Northern blot analysis for AT receptor expre-
ssion: After recovery from cultured rat aortic smooth
muscle cells by acid guanidinium thiocyanate- phenol-
chloroform,23 total RNA (10 ug) was size- fractiona-
ted on 1.0% agarose/formaldehyde gel and transferred
overnight to nylon membranes (Bochringer-Mannhe-
im). The membranes were hybridized with rat AT,
receptor cDNA probe labelled by random priming
with [ @->°P] dCTP. Hybridized membranes were
processed using the FUJIX Bio-Imaging Analyzer
BAS 2000 (Fuji Film Co, Tokyo, Japan).

Measurement of serum E; Radioimmunoassay
kits were used to measure serum E, levels.

Drugs

E, pellets were obtained from Innovative Research
of America (Saratosa, Fa, USA). NE, ACh, AT II,
U46619 and ET-1 were obtained from Sigma (St
Louis, Mo, USA). ET-1 was dissolved in 0.1% bovine
serum albumin and other reagents were dissolved in
distilled water and stored at —20°C until used.

Statistical analysis

For endothelium-dependent relaxation response,
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maximal relaxation and plCso (negative log molar
concentration of ACh which relaxed the vessel to
50% of the contraction by NE) were obtained. For
contractile responses, the area under the curve
(AUG; in arbitrary unit), maximal contraction (per-
cent of the contraction to 60 mM KCl) and pD,
(negative log molar concentration which provoked
50% of the contraction to 60 mM KCl) were
calculated. All data were expressed as mean+ SEM.
Mann-Whitney U- test was used to compare control
and E;-treated groups. p<0.05 was considered to
be significant.

RESULTS
Organ chamber experiment

Endothelium-dependent relaxation to ACh (Fig.
1): Compared with control group, endothelium-
dependent relaxation response was impaired in the E;
group (control vs Ej; maximal relaxation; 100.0%
3.8% vs 87.21+1.9%; pICso; 7.7£0.1 vs 7.210.1;
n=6; p<0.05).

Contractile response to NE (Fig. 2): Contraction
to NE was enhanced in the E; group compared with
control (control vs Ez; AUC; 231+7 vs 347+ 20;
maximal contraction; 141.8+3.8% vs 186.5+11.4%;
pD2; 7.1940.06 vs 7.7910.05; n=6; p<0.05).

Contractile response to AT II (Fig. 3): Contra-
ction to AT II was inhibited in the E; group com-
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Fig. 1. Effect of estrogen (17 £ -estradiol) on endothelium-dependent
relaxation to acetylcholine. Data are expressed as mean +SEM.
* p<0.05 between comtrol and Ej-treated vessels.

pared with control (control vs Ez; 25.31+1.8% vs
10.7+1.5%; n=5; p<0.05).

Contractile response to U46619 (Fig. 4): Maxi-
mal contraction was enhanced in the E; group com-
pared with control (control vs Ez; 149.2+6.0% vs
208.2+19.8%; n=6; p<0.05). AUC and pD; were
not significantly different between the two groups
(control vs Ez; AUC; 3591+20 vs 464150; pDy;
8.151+0.07 vs 8.121+0.12).

Contractile response to ET-1 (Fig. 5): No sig-
nificant difference was observed for all parameters
tested (control vs Ez; AUC; 188%£8 vs 209%18;
maximal contraction; 151.7+6.7% vs 178.3+9.7%;
pD2; 8.37+0.03 vs 8.3710.05).
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Fig. 2, Effea of estrogen (17 B-estradiol) on the comtraction to
norepingphrine. Data are expressed as mean £SEM. * p <0.05
between control and Ex-treated vessels.
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Fig. 3. Effect of estrogen (17 [f-estradiol) on the contraction to
angiotensin Il. Data are expressed as mean +SEM.
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Fig. 4. Effect of estrogen (17 S-estradiol) on the contraction to
U46619. Data are expressed as mean TSEM. * p <0.05 berween
control and E-treated vessels.
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Fig. 5. Effect of estrogen (17 S-estradiol) on the contraction to

endothelin-1. Data are expressed as mean +SEM.
Northern blot analysis

The expression of AT, receptor mRNA did not
differ between the vehicle- and Ej-treated aortic
smooth muscle cells (Fig. 6).
Serum E; concentrations

Serum E; concentration was about six times higher
in the E; group compared with control (131.9£39.4
vs 22.3%2.5 pg/ml; n=6; p<0.05).
DISCUSSION

Estrogen replacement therapy is considered to pre-
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Fig. 6. Northern blot analysis for angiotensin AT receptor ex-
pression. Rat aortic smooth muscle cells were treated with E; (1 uM;
E) or vebicle (ethanol; C) and barvested at each time point. Total
RNA (10 pg) was size-fractionated on 1% agarose/formaldebyde gel,
transferred to nylon membranes and hybridization was done using
[ @-PP] dCTP labelled rat AT, receptor cDNA.

vent not only osteoporosis, but also cardiovascular
disease. Estrogen seems to protect the cardiovascular
system by several mechanisms. In addition to bene-
ficial effects on serum lipid profile and thrombo-
genecity,” extracelluar matrix synthesis is also in-
hibited by vf:st:roge'n,z‘i preventing the progression of
atherosclerosis. Estrogen also stimulates angioge-
nesis,”” probably contributing to the development of
new collateral circulation in the hearr.

In this study, we investigated the effect of E; on
the endothelial and vascular smooth muscle function
of the rat. For the latter, the contractile responses of
aortae to various important vasoactive substances
were examined. Serum E; levels changed appro-
priately by ovariectomy and E; replacement.

Endothelium-dependent relaxation to ACh was
impaired in Er-treated rats in our study. This un-
expected finding is in contrast to several previous
reports, which suggested a beneficial effect of estrogen
on endothelial function.**1>26! However, some other
reports showed that endothelium-dependent relaxat-
ion to ACh was not affected by e:«st:roge:n.az'Els Our
result is contrary to earlier studies in that ACh-
induced relaxation was even less effective in E»-
treated vessels. Although the mechanism is unclear,
the preserved endothelial function in our study,
despite ovariectomy, may have caused the different
result from other reports. Although we waited for two
weeks after ovariectomy before E; replacement, it
may not have been long enough for endothelial
dysfunction to develop. Exogenous estrogen may
affect normal endothelium differently compared to
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dysfunctional endothelium. For example, in one study
where ovariectomy was not performed, estrogen ad-
ministration did impair endothelium-dependent re-
laxation to ACh of rat aorta.’® Thus, the possibility
cannot be dismissed that a different result may be
obtained if E; is replaced after endothelial dysfunction
develops fully. Indeed, studies performed in hyper-
cholesterolemic swine® or postmenopausal women”’
(where endothelial function was likely to be impaired)
showed a beneficial effect of estrogen on endothelial
function. Thus, further experiments using blood ves-
sels obtained several months after ovariectomy and/or
from older rats seem to be justified. The other pos-
sible explanation of our result is that the release of
endothelium-derived contracting factor (EDCF; e.g.
cyclooxygenase product) provoked by E, may have
superceded that of endothelium-derived relaxing fac-
tor (EDRF; e.g. nitric oxide), since E; has been
reported to stimulate not only the release of EDRF,
but also EDCF.”

The contractile responses to various agonists were
tested in our study. First, contraction to NE was
enhanced in E-treated rats. Similar results have been
presented by others,'®" but not all.”’ Although not
investigated in our study, inhibition by E; of the
neuronal reuptake of NE % or increased alpha-adre-
nergic receptor affinity’® may be plausible explan-
ations.

In contrast to NE, the contractile response to AT
II was inhibited by E; treatment. To see if this effect
was associated with AT receptor downregulation, we
performed Northern blot analysis for cultured rat
aortic smooth muscle cells using rat AT; receptor
cDNA probe. However, we were unable to see any
difference between vehicle- and Ej-treated smooth
muscle cells. Thus, it seems less likely that E; treat-
ment affects the expression of AT; receptor. Recently,
Nickenig et al reported that ovariectomy increased
the contractile response of rat aorta to AT II com-
pared to sham-operated rats, the meaning of which
is similar to our results.”” However, they showed an
increased AT, receptor mRNA expression by ovari-
ectomy which was normalized by estrogen replace-
ment. They also showed that estrogen downregu-
lated AT, mRNA expression in cultured vascular
smooth muscle cells, suggesting that E; controlled the
AT; transcription. The reason for the discrepancy
between Nickenig’s study and ours is not clear. There
are additional reports which also showed estrogen-

induced inhibition of the contractile response to AT
1 Interestingly, Carriere et al showed that chro-
nic estradiol treatment decreased angiotensin II recep-
tor density in the anterior pituitary gland and adrenal
cortex, but not in the mesenteric artery.40 Thus, the
reason for Ej-induced change in the contractile re-
sponse to AT II remains uncertain. The possibility
also exists that the intracelluar signal transduction of
AT II may be affected by E..

The maximal contractile response to U46619 (but
not sensitivity) was enhanced by E, treatment.
U46619 is a thromboxane analog and thromboxane
A, is associated with: local vasoconstriction (vasos-
pasm) rather than systemic vascular resistance. Al-
though only the maximal contraction at high con-
centrations was affected, it may not be neglected if
activated platelets release enough thromboxane at a
specific location in the vessel. Farhat et al showed
that pulmonary vasoconstriction to U46619 was en-
hanced after administration of E> for one week in the
rat.”’ They suggested that it might be mediated by
the release of cyclooxygenase product since indo-
methacin partially inhibited this phenomenon. The
mechanism may be other than receptor upregulation
since estrogen did not increase thromboxane A,
receptors in cultured vascular smooth muscle cells in
one study.41

In contrast to NE, U46619 and angiotensin II, the
contractile response to endothelin-1 was not signi-
ficantly affected by E; treatment.

The overall effect of E; on systemic vascular re-
sistance is uncertain according to this study. How-
ever, in our recent study using spontaneous hyperten-
sive rats, blood pressure did not change significantly
following 60 days’ E, administration (data not shown).
Thus, the variable effects of E, to several vasoactive
substances may negate one another without changing
systemic blood pressure. This may be the reason why
postmenopausal estrogen replacement therapy did not
affect blood pressure of hypertensive patients.42

In conclusion, 2 weeks’ E; treatment in ovariecto-
mized young Sprague-Dawely rats did not improve,
but impaired endothelium-dependent relaxation to
ACh. However, further experiments seem to be requit-
ed since endothelial function was not impaired in our
study, even in placebo-treated ovariectomized rats. The
contraction to NE and U46619 was enhanced, but
AT Il-induced contraction was inhibited by E,, sug-
gesting that E; affects vascular smooth muscle fun-
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ction differently according to the vasoactive substances.

REFERENCES

10.

11.

12.

13.

. Godsland IF, Wynn V, Crook D, Miller NE. Sex, plasma

lipoproteins, and atherosclerosis: prevailing assumptions
and outstanding questions. Am Heart J 1987;114:1467-
503.

. Stampfer MJ, Colditz GA. Estrogen replacement therapy

and coronary heart disease: a quancitative assessment of
the epidemiologic evidence. Prev Med 1991;20:47-63.

. Bush TL, Barrett-Connor E, Cowan LD, Criqui MH, Wa-

llace RB, Suchindran CM, et al. Cardiovascular mortality
and noncontraceptive use of estrogen in women: results
from the lipid research clinics program follow-up study.
Circulation 1987;75:1102-9.

. Keaney JF Jr, Shwaery GT, Xu A, Nicolosi RJ, Loscalzo

J, Foxall TL, et al. 17 beta-estradiol preserves endothelial
-vasodilator function and limits low-density lipoprotein
oxidation in hypercholesterolemic swine. Circulation 1994;
89:2251-9.

. Nabulsi AA, Folsom AR, White A, Patsch W, Heiss G,

Wu KK, et al. Association of hormone-treplacement ther-
apy with various cardiovascular risk factors in postmeno-
pausal women. The Atherosclerosis Risk in Communities
Study Investigators. N Engl ] Med 1993;328: 1069-75.

. The Writing Group for the PEPI Trial. Effects of estrogen

or estrogen/progestin regimens on heart disease risk factors
in postmenopausal women: the Postmenopausal Estrogen
[Progestin Interventions (PEPI) Trial. JAMA 1995;273:
199-208.

. Gebara OC, Mittleman MA, Sutherland P, Lipinska I, Ma-

theney T, Xu P, et al. Association between increased
estrogen status and increased fibrinolytic potential in the
Framingham Offspring Study. Circulation 1995;91:1952-8.

. Bell DR, Rensberger HJ, Koritnik DR, Koshy A. Estrogen

pretreatment directly potentiates endothelium-dependent
vasorelaxation of porcine coronary arteries. Am J Physiol
1995;268(1 Pc 2):H377-83.

. Williams JK, Adams MR, Klopfenstein HS. Estrogen mo-

dulates responses of atherosclerotic coronary arteries. Cir-
culation 1990;81:1680-7.

Gisclard V, Miller VM, Vanhoutte PM. Effect of 17 beta-
estradiol on endothelium-dependent responses in the rab-
bit. J Pharmacol Exp Ther 1988;244:19-22.

Gilligan DM, Badar DM, Panza JA, Quyyumi AA, Can-
non RO III. Acute vascular effects of estrogen in post-
menopausal women. Circulation 1994;90:786-91.
Williams JK, Adams MR, Hetrington DM, Clarkson TB.
Short-term administration of estrogen and vascular re-
sponses of atherosclerotic coronary arteries. J Am Coll
Cardiol 1992;20:452-7. .

Gilligan DM, Quyyumi AA, Cannon RO III. Effects of
physiological levels of estrogen on coronary vasomotor
function in postmenopausal women. Circulation 1994;89:
2545-51.

Yonsei Med J Vol. 41, No. 1, 2000

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

24.

25.

26.

27.

28.

Reis SE, Gloth ST, Blumenthal RS, Resar JR, Zacur HA,
Gerstenblith G, et al. Ethinyl estradiol acutely attenuates
abnormal coronary vasomotor responses to acetylcholine in
postmenopausal women. Circulation 1994;89:52-60.
Shan J, Resnick LM, Liu QY, Wu XC, Barbagallo M,
Pang PK. Vascular effects of 17 beta-estradiol in male
Sprague-Dawley rats. Am ] Physiol 1994;266(3 Pt 2):
H967-73.

Mugge A, Riedel M, Barton M, Kuhn M, Lichtlen PR.
Endothelium independent relaxation of human coronary
arteries by 17-beta-oestradiol in vitro. Cardiovasc Res
1993;27:1939-42.

Jiang CW, Sarrel PM, Lindsay DC, Poole-Wilson PA,
Collins P. Endothelium-independent relaxation of rabbit
coronary artery by 17. beta-oestradiol in vitro. Br ]
Pharmacol 1991;104:1033-7.

Sudhir K, Chou TM, Mullen WL, Hausmann D, Collins
P, Yock PG, et al. Mechanisms of estrogen-induced vaso-
dilation: in vivo studies in canine coronary conductance
and resistance arteries. ] Am Coll Cardiol 1995;26:807-
14.

Cheng DY, Gruetter CA. Chronic estrogen alters contract-
ile responsiveness to angiotensin II and norepinephrine in
female rat aorta. Eur J Pharmacol 1992;215(2-3):171-6.
Thompson LP, Weiner CP. Long-term estradiol replace-
ment decreases contractility of guinea pig coronary arteries
to the thromboxane mimetic U46619. Circulation 1997;
95:709-14.

Farhat MY, Ramwell PW. Estradiol potentiates the vaso-
pressor tesponse of the isolated perfused rat lung to the
thromboxane mimic U-46619. J Pharmacol Exp Ther
1992;261:686-91.

Koide M, Kawahara Y, Tsuda T, Ishida Y, Shii K, Yoko-
yama M. Endothelin-1 stimulates tyrosine phosphorylation
and the activities of two mitogen-activated protein kinases
in cultured vascular smooth muscle cells. J Hypertens
1992;19:1173-82.

Chromczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol- chloro-
form extraction. Anal Biochem 1987;162:156-9.

Fischer GM. In vivo effects of estradiol on collagen and
elastin dynamics in rat aorta. Endocrinology 1972;91:
1227-32. _
Morales DE, McGowan KA, Grant DS, Maheshwari S,
Bhartiya D, Cid MC, et al. Estrogen promotes angiogenic
activity in human umbilical vein endothelial cells in vitro
and in a murine model. Circulation 1995;91:755-63.
Williams SP, Shackelford DP, Iams $G, Mustafa SJ. Endo-
thelium-dependent relaxation in estrogen-treated spontan-
eously hypertensive rats. Eur J Pharmacol 1988;145:205-7.
Li P, Ferrario CM, Ganten D, Brosnihan KB. Chronic es-
trogen treatment in female transgenic (mRen2) hyper-
tensive rats augments endothelium-derived nitric oxide
release. Am J Hypertens 1997;10:662-70.

Andersen HL, Weis JU, Fjalland B, Korsgaard N. Effect
of acute and long-term treatment with 17-beta-estradiol
on the vasomotor responses in the rat aorta. Br J Phar-
macol 1999;126:159-68.



29.

30.

31.

32.

33.

34.

35.

Estrogen-Induced Modulation of Vascular Tone 55

Arora S, Veves A, Caballaro AE, Smakowski P, LoGetfo
FW. Estrogen improves endothelial function. J Vasc Surg
1998;27:1141-6.

Paredes-Carbajal MC, Juarez-Oropeza MA, Ortiz-Mendoza
CM, Mascher D. Effects of acute and chronic estrogenic
treatment on vasomotor responses of aortic rings from
ovariectomized rats. Life Sci 1995;57:473-86.

Cheng DY, Feng CJ, Kadowitz PJ, Gruetter CA. Effects
of 17 beta-estradiol on endothelium-dependent relaxation
induced by acetylcholine in female rat aorta. Life Sci 1994;
55:PL187-91.

Miller VM, Vanhoutte PM. 17 beta-estradiol augments end-
othelium-dependent contractions to arachidonic acid in
rabbit aorta. Am J Physiol 1990;258(6 Pt 2):R1502-7.
Vedernikov YP, Liao QP, Jain V, Saade GR, Chwalisz K,
Garfield RE. Effect of chronic treatment with 17 beta-
estradiol and progesterone on endothelium-dependent and
endothelium-independent relaxation in isolated aortic rings
from ovariectomized rats. Am J Obstet Gynecol 1997;176:
603-8.

‘Meyer MC, Cummings K, Osol G. Estrogen replacement

attenuates resistance artery adrenergic sensitivity via endo-
thelial vasodilators. Am J Physiol 1997;272(5 Pt 2):H22
64-70. .

Binko J, Murphy TV, Majewski H. 17 beta-oestradiol en-
hances nitric oxide synthase activity in endothelium-
denuded rat aorta. Clin Exp Pharmacol Physiol 1998;25:

36.

37.

38.

39.

40.

41.

42.

120-7.

Wu SL. The role of EDRF in the modulation of blood
pressure and vascular reactivity in estrogen-treated rats.
Chin J Physiol 1994;37:31-5.

Gisclard V, Flavahan NA, Vanhoutte PM. Alpha adren-
ergic responses of blood vessels of rabbits after ovariect-
omy and administration of 17 beta-estradiol. J Pharmacol
Exp Ther 1987;240:466-70.

Colucci WS, Gimbrone MA Jr, McLaughlin MK, Halpern
W, Alexander RW. Increased vascular catecholamine sen-
sitivity and alpha-adrenergic receptor affinity in female
and estrogen-treated male rats. Circ Res 1982;50:805-11.
Nickenig G, Baumer AT, Grohe C, Kahlert S, Strehlow
K, Rosenkranz S, et al. Estrogen modulates AT, receptor
gene expression in vitro and in vivo. Circulation 1998;
97:2197-201.

Carriere PD, De Lean A, Gutkowska J, Genest J, Cantin
M. Chronic estradiol treatment decreases angiotensin II
receptor density in the anterior pituitary gland and adrenal
cortex but not in the mesenteric artery. Neuroendo-
crinology 1986;43:49-56.

Masuda A, Mathur R, Halushka PV. Testosterone in-
creases thromboxane A, receptors in cultured rat aortic
smooth muscle cells. Circ Res 1991;69:638-43.

Lip GY, Beevers M, Churchill D, Beevers DG. Hormone
replacement therapy and blood pressure in hypertensive
women. J] Hum Hypertens 1994;8:491-4.

Yonsei Med ] Vol. 41, No. 1, 2000



