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Vascular effects of estrogens：rapid actions。novel mechanisms， 
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replacement therapy with estrogen or derivatives 

provides all alternative to lower cardiovascular mortality 

in postmenopansal women． 

AB rRACT 

A1tIlou es 卸 ndent e 0n tIle UcTIoN 

vAsculature were first observed m0I thall a century 

ago，many of the mechanisms by which estrogens 

interact with the vascular wall have been identified only 

in the past 15 years Estrogens bind to v&seular 

estrogen receptors(ERj，including the ERⅡ，the novel 

EIu As well as to membrane-bound receptors． 

Estrogens have direct effects in human coronary and 

internal rnarnmary arteries by inducing rapid，endothe- 

lium—independent relaxation， enhancement of endo． 

thelial function and inhibition of 

vasoactive agonists Furthermore．estrogens co nuibute 

t0 vascular homoo stasis through moda ladon of gene 

expression，changes in membrane potentials．as well As 

expression and function of receptors． In addition， 

estrogens 1nteffere with the activity of vasoactive 

pepddes and vascular el3z'ymes an d act As natural 

antioxidants Some of these effects have also been 

observed for ph~ estrogens， which are important 

dietary compo nents in Asian countries． In the 

vAsculature， the sltm of these actions of estrogens 

results in vasodilatation and inhibition of VAscular cell 

growth Accordingly，estrogens have been shown to 

im0mve vAscularfunction of anitaals and humansandto 

inhibit the response to inju【y after balloon angioplasty 
and the pmgression of atheroselerosis． Prospective 

clinical studies are ongoing to detemaine whether 
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Cardiovasculardisease acconntsforth6maiotity of 

morbidity and m0m [y in txmmenopausal worflell in 

Western SOCieties andis comparabletothat ofmen after 

age 75 ． Epidemiologic dam suggest a beneficial 

effect ofhormone replacementthempy on cardiovascular 

risk_2’ ． High estrogen levels in pre- and 

po snncnop~ausal women are ass~ iated with favorable 

changes in lipid metaho lismt which．however，only in 

part ex[)lain the cardioprotective effects ． In recent 

years evidence has been accumulated ind~ating that 

estrogens have numerous effects oll vascular homeostasis 

including the modulation of endothelium-dependent 

vasomotionL ． Fbrthermore． they roodulate the 

expression of endothelial and non-endothelial genes 

including those of the renin-angiotensin system ?’H。．the 

clotting system：。’ 
． growth factors、 ． and N0 

synthase ”· J Most of these effects are independent 

from plasma cholesterol levels indicating that estrogens 

exen specific actions protecting against vascular 

dysfunction． 

Investigating the role of estrogens a．s po tential 
“ vascular” hormones goes back to the 1930s( 

．  

howevermany studies regardingtheaction ofestrogens 

were initiated only afterthe discovery oftheregulatory' 

1"ole of the vascular endotheliUln by Furehgott and 

Zawadzki t6) Functional integrity of the endo thelium． 

a large endocrine organ ．ensur s the release of several 

humoral factors maintaining blcod flow and 

fibrinolysis， vascular smoo th muscle relaxation and 

contraction，as well as platelet activation and inhibition 

of thrombus formation 1hus． an intact vascular 

endothelitun contribute to blood pressure and vessel 
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patancy． The IIIOSt important endotbelium-defived 

vasoaetive substances are vasodilators such as nitfic 

oxide(NO)： ]and prostacyclin(。8]，counterbalanced 

by vasoconstrictors， particularly endothelin-1 and 

angiotensin II tO]
． Stimulation of endothelial cells by 

hormones， and substances derived 

from platelets and the coagulation system causes release 

Of o， relaxation of underlying vascular smooth 

muscleL 6_and inhibition of platelet aggregationL · J 

Expression of the endothelial nitric—oxide synthase 

(Nos 3)gene althou曲 constitutively activatedL盟 can 

be up—regulated by shear stress and estrogensl”’ 

The most potent endothefium．derived contracting factor 

known today is endo thelin．1 rET一1、 3o followed by 

components of the renin．．angiotensin system and vaso．． 

coBStrictor prostanoidslJ ． Thtee distinct endothelin 

receptors have been identified： FrA— and ETB— 

receptors ，and an ETB2一receptor． In the vascula· 

tare，FrA· ceptors mediate contraction and prolifera— 

tion “ whereas endothelial cell—mediated E ． 

receptor acxivationls】inked 【0theformation ofNO and 

pmstacyclin which acts as a negative feedback 

mechatfism to reduce endothefin production ia the 

endothelium 34 and to oppose the vasocoastrictor action 

jn smooth muscle． In addition．ETa—mediated endo — 

thelinrn-independent vasodflatation has been recently 

repo rted Endothelin synthesis is regu lated by NO／ 

cGMP-dependent mecha nismsL34J． cAMP-dependent 

inhibitionL ．an inhibitory factor produced by vascular 

smooth mu~le cells 37J
，
throu曲 shear stress Jand via 

an estrogen-receptor dependent mechanism【 ’ 】 

Recent de ta suggest 【hat the endothelin s3 stem 

contributes to endo thelial dysfimcfin n． vascular 

remodeling and hype rtrophy and the progression of 

a【her0sckrosisl41 13J 

M olecular mechanimns of estrogen action 

Estrogen binding ccazured in target tissues such as 

organ s ofthe reprod uctive tract．however it could also 

be observed in non target cells where binding is not 

restrictedto the nucleus 14J Vasculartissueis atarget 

for steroids including estrogens indicating a local role 

for these hormonesL3,,ksJ
． In agreement with these 

findings．messengerRNA and protein for the“classic” 

nuclear estrogen receptor(ER)a has been jdentified ia 

human endothelial and vascular slnooth muscle 

cells[惦一 
． and their expression is altered in athemsc1． 

erotic arteries 5l1
． Furthermore， ERn isoforms in 

vascular smooth muscle cells lacking transactivational 

activity-ha ve been repo rted( 
． Recently，a second 

transefipdonally active receptor has been cloned from 

prostate tissue and was named E邸、53’ ． The E邸 
exists in at least five different isoformsfs％ and is 

expressed and functionally acttve in the vascula· 

tore J
． 
Cross talk hetweea the ERd and ERt3 has 

been reported J． an observation that may have 

important implications for the action and particularly for 

therapeutic appfication of eslrogens and estrogen 

antagonists． In recent years，it has become clear that 

estrogen binding also occurs independently from nuclear 

receptors 。⋯ ． Binding of estrogen has been found in 

the cyto~ol of endo thefial cellsL60J
， ace ll compartment 

containing an estrogen receptor activator proteinL J
．  

Some ofthe rapid actions of estrogeff 。。a thou曲t 

to be mediated through steroid membrane re~ept— 

orsf6B 71 J
． However． ERd—in contrast to current 

theories ofitsfuaction as a“pure”nuclear receptor-is 

involved in rapid modulation ofNOS(13, 
． pat-ticularlv 

N()S 3 12．72,TSJ
． involvhag wanslocation ofN0S 3 fi'om 

the cel1 membrane close to the nucleus、74J Since the 

first description of vascular effects of estrogen more 

than a htmdred years agoL ’75j several mechan isms by 

which estrogens indirectly and directly mod ulate 

vascular fimction have beenidentified Estrogensinh]一 

bjt Wanscfiption of vascular genes~0 · 73·76 78一
． 

membrane potentials and ion currents~晒· -79 mIl pro —  

te Jn phosphorylationL J expression of receptors 一 。 

and activity of vasoactive peptides． Furtherm ore， 

estrogens modulate the activity of vascular enzyrn 

es
(13,85．86J and act as andoxidants due to their phenolic 

stmclure(。 一驯  The n1a{0ritv 0fthese effects result in 

inhibition of vascular growth and／or vasodilatation， 

thusimproving organ perfusion． 

Estrogens and vascular flmction 

In addition to first observations in uterine 

t~sueLIA．75J．dilatation by estrogens in human vascular 

tissue was fLrSt observed in a veDous vessel， the 

umNlical arteryL ． In 1993．we reported that 17 

esWadiol relaxes human coronary arteries by an 

endothelium independent mechanism~L'A,~2．93J(Fig 1
， 

2)．a finding independently confirmed by Chester and 
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coworkers J
． s direct， rapid effect of l7阻 

estradiol， which is also present in porcine coronary 

arteriest95一． was also observed in isolated human 

internal mammary arteries however the relaxant effect 

w瓠 less pronouncedL J In addition to the direct 

effects on山e vascular wal1，estrogens exerted rapid as 

well as chronic effects oil the endothelium affecting 

epicardial coronary：65．％-98]and resistance arteries J as 

well as the peripheral c~culafion’ ．where estrogens 

are involved in flow．mediated and shear-stress—induced 

release of NO lOL J
．  In hmnan ooror~ry arteries，we 

have recently demonstrated that endothelium-dependent 

relaxation to bradykinin， a vasodilator substance 

released by endothelial cells，was acutely．potentiated by 

short-term incubation with 178·estradiol ． In 

"addition，contraction to vasoconstrictors such as angio— 

tensin 11，serotonin and histamine was markedly 

attenuated in the presence of 17 estradiol in human 

internal tna／ilmary arteries【 Interestingly． similar 

effects are observed using phyto-estrogens which were 

shown to improve coronary artery endothelial 

flmcfi0n l∞)and t0 also inhibit atherosclemsisll(~1
．  

The vascular actions of phytoestrogens have been 

recently discussed in an excellent mview【105 J 
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Fig 1．Original tracings ofthe d of17~-estradlol 

【upper panels)or solvent control ethanol(EmH． 

0．2％ vol／vol。lower panels)in k~olated blⅧ  

coFonary arteries(A J and hmuaninternalⅡl硼∞加日ry 

arteries c B)precontracted with prosmghndln F2 ． 

Note that in both c0 叫强ry and inteta~ manmmtV 

arteries 17B_estradiol 3 ~tmol -L induces rapid 

relaxation．which is r nal after 15-20 【 I 

references(64．92 J]． 

Evidence suggesting physiological relevance of 

Internal m~tmillarv arten" 

7 0一EstradioI／nmol 

Fig2． Concentrafiotbdependentrelaxation ofisolat． 

edhtmmn coronary arteries(A)andhumaninternal 

manmlary arteries(B)precontrncted with prosla· 

gt~di． by 17p_estradiol， C，solvent control 

ethanol【0．2％vol／vol，hatched bars)．Note ttmt in 

internal mammam-y arteries the solvent ethanol 

induces relaxation that is greater than COl'Olllal~ 

arteries． <0．05， [Adapted from references c64， 

92)]． 

Coronary artery Internal mammat3'after) 

+ENDo —E Do +E Do —E D() 

Fig 3． Direct relaxant effect of 1flyeslradiol(3 

wmol／L，black bars)and solvent control ethanol 

10．2％ voL／vol。hatched bars}in hmnan coronary 

arteries and internal ntⅡnⅡIarv arteries with 

I+ENDO} and without endothelimn 【一ENDO}． 

Notethatin ha th vessels endothelial denudation had 

no effect on relaxafi~m  indured by 17B_estradio1． 

<0．05． 1Frmn始 c64，92)]． 

these in vifro findings in hmnan arteries canle from in 

vivo observations showing that physiological fluctua— 

lions of estrogen plasma levels during the menstrual 

cycle were directly related to endothelium-dependent 

vasodilatafion[1O5J
，
consistent wi th the concept of 

estrogens as physiological modulators of vascular tone 

Thus，estrogens favored a state of vasnd ilaration，which 

may explam the onset of endothelial dysfunction due to 
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Fig 5． Acute effects of17B-estradiol on endothelitma- 

dependent relaxations to bradykinln in isolated 

human c'oronary arteries． Incubation wi廿I 17B- 

estradiolfor 30 rain markedly potentiated relaxation 

to bmdykinin (1eft panel】． Incubation with the 

solvent control l0．2％ voVvol ethano1)had no effect 

on relaxations(right pane1) 

‘0．Os．[Adapted tr加1 reference I65)] 

“ estrogen withdrawal’’after menopausef · 

Estrogens and ocdusive vascular disease 

Antiprolifetative effects of estrogens m the 

vasculatare are well documented，including inhibitory 

effects oil intimal hyperplasia after balloon angio— 

plasty 1(16-” and oil the progression of athero． 

sclerosis、 06一
． tw'o of山e m,~jor clinical features of 

patients with coronary artery disease Conjugated 

equine esffogens alolle but not in combination wi山 

medroxyprogestemne acetate inhibit athemsclerosis in 

noIl—human primates／~9．114．115j In contrast to eslyo． 

gens，raloxifene， a tissue-selective estrogen receptor 

agonist-antagodist which has been favored for post- 

menopausal hormone replacement therapy because of 

low cancer risk~116】
，
had no effect on atherosclerosisin 

the same model{117J The prospective HEI trial 

showed no effect after four-year combined estrogen／ 

medroxyprogesterone acetate treatment on cardiovascular 

mortality in postmenopausal women with established 

coronary artery disease~llSj
．
However，future studies 

ale needed to determine whether natural progestogens， 

which are required to ensure protection of the 

endometriaiD， can mainrain the beneficial effects of 

estrogentreatment on atherosclemsis and cardiovascular 

mortality． 

Restenosis，a complex plocess，involving proli· 

feration of cells in the intima．山e media． and the 

adventitial ’ 
． occurs in 30—50 percent ofpatients 

undergoing balloon angloplasty due to coronary 

atherosclemsis． Several studies have demonstrated山at 

estro gens inhibit restenosis( ∞一 ”1 and there is 

experimental evidence thatmedroxyprogesterone acetate 

an tagonizes these effectsl 
． Pregnancy． which is 

associatedwi山 amarked increase in estrogen levels in 

plasma and in tissue，completely prevented restenosis— 

even in the absence of a functional NOS 3一gene 

These data andthe observationthattheinhibitory effect 

of estro gen onrestenosisis preservedalsoin山e absence 

ofthe ERa suggest a different mechanism． Indeed． 

ER3 is rapidly up-regulated after balloon angioplasty in 

male mice ‘ suggesting a role for this receptor in 

vascularinjury-and possibly protection． 

Beneficial effects of estrogen·clinical evidence 

and relevance 

Although experimental data has demonstrated a 

beneficial effect of estrogens oil endothelial function and 

vascular stnlc~Are． clinical data otl the effects 

horm one replacement therapy remain conflicting wi山 

some studies showing improvement~M 123· J while 

others did nof【 】． e different results may be 

related to the severity of pre-existing endothelial 

dysfunction and on the IlSe of synthetic progestogens 
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such as medroxyprogesterone acetate (ⅣIPA) is 

compound has been COITlmOnly administered t0 

postmenopausal woii~rl to oppose the side effects of 

estrogen However． MPA also antagonizes the 

positive effects of estrogen on vaseular function【 一 
， 

all effect not so~rl for natural progesterone~ 
． Recent 

advance．~ such as the identification of novel modes of 

actions of estrogens．the discovery of EI珀 will help in 

understanding the actions of estrogens and allow the 

desiN~of new strategies for their therapeutic application 

to prevent cardiovascular disease and its sequelae． 
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