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Abstract

Background: Estrogens produce several beneficial effects upon the cardiovascular system. Amongst these, an endothelium-independent

effect has been convincingly demonstrated only in vitro, while there is no evidence for such an effect in vivo. The aim of the present study

was to evaluate the effect of acute administration of estradiol 17h upon coronary artery reactivity to methylergometrine in 16 menopausal

patients with coronary artery disease.

Methods: Sixteen menopausal patients underwent coronary angiography at rest and after incremental doses of methylergometrine

(intracoronary 2, 10, 30 Ag) before and 20 min after either intracoronary estradiol 17h (20 ng/mL at 1 mL/min for 20 min; 8 patients) or

placebo (Dextrose 5%, 1 mL/min; 8 patients).

Results and conclusions: No significant differences were observed in baseline coronary artery diameter or area between the 2 groups. No

significant differences in the degree of coronary artery constriction were observed after either estradiol 17h or placebo at submaximal doses

of methylergometrine. However, the degree of coronary artery constriction after maximal doses of methylergometrine was significantly

attenuated by estradiol 17h compared to placebo (change in diameter: �0.9T4.5% vs. �19T6%, p <0.001; change in area: �3.2T9% vs.

�32.2T10%, p <0.001). Estradiol 17h reduces coronary artery constriction following methylergometrine administration in menopausal

patients with coronary artery disease. This effect may be related to the calcium-antagonist properties of the ovarian hormone.

Condensed Abstract: The effect of acute administration of estradiol 17h upon coronary artery reactivity to methylergometrine was evaluated

by coronary angiography in 16menopausal women with CAD. The investigation was performed at rest and after incremental dose of

methylergometrine before and 20 min after either intracoronary estradiol 17h or placebo. Significant differences were not observed either in

the baseline coronary artery diameter or the area between the 2groups, or in the degree of coronary artery constriction after either estradiol

17h or placebo at submaximal doses of methylergometrine. Coronary artery constriction after maximal doses of methylergometrine resulted

attenuated by estradiol 17h for its calcium-antagonist properties.
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Despite recent data from the WHI and the Heart and

Estrogen/Progestin Replacement Study, which failed to

demonstrate a protective effect of estrogens upon cardio-

vascular events, several studies have shown that current
logy 107 (2006) 254 – 259
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estrogen replacement therapy reduces the risk of acute

ischemic syndromes in hormone users as compared to non

users [1–3]. In the past years, great importance has been

attributed to the metabolic effects of the ovarian hormones.

Indeed, estrogens reduce total and LDL cholesterol, increase

HDL cholesterol [4–6], improve carbohydrate metabolism

and insulin sensitivity [7,8], positively influence the

coagulation profile [9], and are involved in the formation

and development of the atherosclerotic plaque [10–12].

Recent evidence suggests that most of the cardiovascular

protective effects might be dependent on a direct action of

the ovarian hormones upon cardiovascular functions.

Animal studies have shown that estrogens are vasoactive

substances acting in almost all vascular districts [13–18]. In

vitro studies have shown that estradiol 17h has a relaxing

effect upon precontracted rabbit and human coronary artery

rings [14–16] and that estradiol 17h reveals calcium

antagonistic properties [17,18]. In vivo studies have

demonstrated that estrogens potentiate the endothelium-

dependent vasodilator response to acetylcholine in animals

[12] and in humans [19–21]. Clinical studies have shown

that acute administration of sublingual estradiol 17h
improves exercise-induced myocardial ischemia in meno-

pausal patients with coronary arteries [22] and reduces

peripheral vascular resistances [23,24]. Since coronary

artery tone plays an important role in the pathogenesis of

cardiac ischemic syndromes, an effect of estradiol 17h upon

coronary artery reactivity may be of importance in the

cardioprotective effect of the hormone.

The aim of the present study was to evaluate the effect of

acute administration of estradiol 17h upon methylergome-

trine-induced vasoconstriction in menopausal patients with

coronary artery disease.
2. Methods

2.1. Patients

The study population included 25 female menopausal

patients who referred for coronary angiography with angio-

graphically proven coronary artery disease (coronary artery

diameter stenosis �70%) and evidence of being in meno-

pause. Menopause was defined as the absence of menstrual

cycles from at least 1 year together with plasma levels of

estradiol 17h<100 pmol/L and follicle stimulating hormone

>40 IU/L. Patients taking estrogen replacement therapy, or

those with severe hypertension (systolic blood pressure

>180 mm Hg and/or diastolic blood pressure >110 mm Hg),

recent (<3 months) acute myocardial infarction, unstable

angina, heart failure (III or IV NYHA functional classes),

clinical suggestion of Prinzmetal’s variant angina or primary

valvular heart disease were excluded from the study. The

study protocol was approved by the local Ethical Committee

and all patients gave written informed consent before being

included into the study.
2.2. Protocol

All patients were studied at the time of diagnostic cardiac

catheterization after an overnight fast and in pharmacological

wash-out. All cardiac active medications were stopped for at

least five half lives before the study, and patients were asked

not to smoke or take caffeine-containing drinks in the 24 h

prior to the study. After diagnostic cardiac catheterization

performed using the Judkins technique, incremental doses of

methylergometrine maleate (2, 10, 30 Ag) were administered

through the diagnostic catheter into a not stenosed coronary

artery at 5 min intervals. When the study was performed into

the right coronary artery, a temporary pacing lead was

inserted into the right ventricle through the right brachial or

femoral vein. Coronary arteriograms were obtained using the

projections that better visualised the coronary artery under

study at the end of each stage of the infusion protocol. If no

focal spasm requiring the administration of intracoronary

nitrates was detected, patients were randomised to receive,

through the coronary catheter, either 400 ng estradiol 17h (20

ng/mL solution) or dextrose (5% solution containing 0.6%

ethanol). Both infusions were performed at an infusion rate of

1 mL/min. The administration modality of estradiol 17h was

selected according to previous reports, which suggested the

attainment of a steady state with venous estradiol 17h
concentrations of 300 pg/Ml [20]. Coronary arteriograms

were obtained at the end of the drug infusion; at that time, the

infusion of methylergometrine maleate was repeated. Sodium

nitroprusside 100 Ag was administered at the end of this

second set of infusions. Arterial blood pressure and electro-

cardiogram were continuously monitored and recorded at the

end of each experimental interval. Blood samples were

collected in order to evaluate the plasma levels of estradiol

17h before and at the end of the study session.

2.3. Measurement of coronary artery diameters

Coronary arteriograms were analysed in blind by two

independent experienced investigators (P.P., I.S.) using a

computerized device (Medis Inc.). Major coronary arteries

were divided in three parts, using the American Heart

Association classification [25]. For the purpose of the study,

only angiographically normal segments located in proximal,

medial, and distal locations were analysed using a computer

assisted edge detection system. To quantify changes in

coronary artery diameters, we used the percent vasocon-

strictive response to methylergometrine maleate, before and

after administration of the study drugs, calculated as follows:

(i) constriction by methylergometrine maleate: [(Control

diameter�diameter after methylergometrine mal-

eate) /Control diameter]�100.

(ii) constriction by methylergometrine maleate after study

drug: [(Control diameter after study-drug�diameter

after methylergometrine maleate) /Control diameter

after study-drug]�100.



Table 1

Clinical and angiographic features of patients allocated to estradiol 17hor
placebo

Estradiol 17h, n =8 Placebo, N =8

Mean age 64T4 64T5

Years from menopause 11T3 12T4

Risk factors for CAD

Family history 5 4

Hypertension 2 3

Diabetes 0 1

Cholesterol>200 mg/dl 6 5

Cigarette smoking 2 1

Coronary artery disease

1 vessel disease 4 5

2 vessel disease 4 3
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2.4. Statistical analysis

Data are expressed as meanT standard deviation, or as

percentages, where appropriate. Wilcoxon test for paired

data was used to compare measurements of coronary artery

diameters at each dose of methylergometrine maleate,

before and after the administration of estradiol 17h or

ethanol control. Wilcoxon test for unpaired data was used to

compare measurements of coronary artery diameters at

baseline, after the administration of the study drug, and after

sodium nitroprusside, between the two patient groups. A p-

value <0.05 was considered significant.
3. Results

3.1. Study patients

Clinical and angiographic features of study patients are

shown in Table 1.
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Fig. 1. Proximal coronary artery diameters following intracoronary administrati

placebo. Baseline P=Baseline study in patients randomised to placebo; Baseline

placebo infusion; E=Study after estradiol 17h infusion.
3.2. Baseline and control coronary artery diameter

Mean baseline diameters of proximal medial and distal

coronary artery segments were similar in the two groups of

patients. Baseline coronary diameter before methylergome-

trine and control diameters before either estradiol 17h or

placebo were also similar in the two groups of patients.

3.3. Effect of methylergometrine on coronary artery

diameter

The intracoronary administration of methylergometrine

did not affect systolic and diastolic blood pressure or heart

rate in both groups of patients. After administration of

methylergometrine, 9 patients showed significant coronary

artery constriction (>50% luminal diameter) requiring the

infusion of intracoronary nitrates and were therefore

excluded from randomisation. The remaining 16 patients

showed transient mild (<50%) coronary artery constriction

after the highest dose of intracoronary methylergometrine

and were randomised to receive either estradiol 17h or

placebo.

After first peak methylergometrine infusion (30 Ag),
coronary artery diameters were reduced by a similar extent

in patients allocated to either estradiol 17h or placebo

(Fig. 1). Coronary artery diameters were also similar

after infusion of estradiol 17h or placebo. No significant

changes in coronary artery diameters compared to baseline

study were observed at submaximal doses of methylergo-

metrine in patients allocated to estradiol 17h or placebo

(Fig. 1). Estradiol 17h but not placebo significantly reduced

the degree of coronary artery constriction at peak methy-

lergometrine infusion as compared to baseline study

(�0.9T4.5% vs. �19T6%, estradiol 17h vs. placebo

p <0.001; Fig. 2). Similar results were obtained on coronary

artery area at peak methylergometrine infusion. Placebo

reduced coronary artery area by 32T10% compared to
ers at baseline and after
gometrine

10 mcg 30 mcg

Baseline E Estradiol

p<0.01

on of methylergometrine before and after intracoronary estradiol 17h or

E=Baseline study in patients randomised to estradiol 17h; P=Study after



Coronary artery change after methylergometrine
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Fig. 2. Percent change of proximal coronary artery diameters following intracoronary methylergometrine infusion after placebo or estradiol 17h. Estradiol 17h
significantly attenuated the degree of methylergometrine coronary artery constriction.
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baseline study, while after estradiol 17h coronary artery area

changed by 3.2T9% ( p <0.001, as compared to baseline

study). No difference in the response of proximal medial

and distal segments was observed.

3.4. Response to intracoronary nitrates

Vasodilation of proximal coronary segments after nitrates

was 23% in the estradiol group and 19% in the placebo

group (NS). Similarly, nitrate-induced dilation of medial and

distal segments was not different in the two groups (23% vs.

19%, NS; and 18% vs. 19%, NS). Within groups, dilation of

proximal, medial, and distal segments was not significant

different.
4. Discussion

This study clearly showed an effect of estradiol 17h upon

coronary vascular smooth muscle in vivo, in humans. These

findings are consistent with the results of previous

experimental studies which have shown that estradiol 17h
has a relaxing effect upon precontracted rabbit and human

coronary artery rings by activation of receptor-operated and

potential operated calcium channels [14–17]. The present

study shows that acute intracoronary administration of

estradiol 17h reduces the degree of methylergometrine-

induced coronary artery constriction in menopausal women

with coronary artery disease. This effect of estradiol 17h
upon coronary reactivity seems to be attributable more to

the calcium antagonistic effect of the hormone than to its

effect upon the endothelial function. The relieve of

methylergometrine-induced vasoconstriction is an immedi-

ate effect; thus, supporting the hypothesis of an acute non-

genomic modulation of coronary vasomotion.

There is increasing evidence that estrogens are vaso-

active substances able to modulate vascular tone of

coronary and peripheral arteries. The effect of estrogens

in restoring the altered endothelial function has been
shown in vitro, in vivo, and in humans in different

vascular beds. Volterrani et al. have shown that estradiol

17h reduces peripheral vascular resistances and increases

peripheral blood flow in menopausal women [24]. Wil-

liams et al. have reported a reversal of the acetylcholine-

induced vasoconstriction by estradiol 17h implants in

ovariectomised monkeys fed with an atherogenic diet for

30 months [12]. Collins et al. have shown that acute

administration of estradiol 17h reverses the coronary

constrictor effect of acetylcholine in menopausal women

with coronary artery disease and that is gender dependent

[21]. Reis et al. demonstrated an increase in coronary

blood flow and cross sectional area [19], and decreased

resistance in postmenopausal women 15 min after an

intravenous infusion of ethinylestradiol. Abnormal coro-

nary vasomotor responses to acetylcholine were attenuated.

Similar results were obtained by Gilligan et al. in female

patients receiving continuous infusion of estrogens achiev-

ing physiological concentrations of intracoronary estradiol

17h [20]. These studies indicate that estrogens influence

vascular tone by the production of endothelium-derived

relaxing factor (nitric oxide). Estrogen can induce calcium-

dependent nitric oxide synthase, increasing its activity

causing nitric oxide release [26]. Recently, estrogen

receptor has been identified in endothelial cells from

human aorta, coronary, and umbilical arteries [27,28].

Using inhibitors of nitric oxide synthase, Tagawa et al.

have demonstrated, in humans, that estrogens acutely

improve both nitric oxide-mediated and non nitric oxide-

mediated vasodilation in the peripheral vasculature of the

forearm [29].

Animal and humans in vitro studies have produced

evidence that estrogens have calcium antagonistic proper-

ties, accounting for a new non-endothelium-dependent

mechanism of relaxation of coronary and peripheral arteries.

Calcium antagonistic properties of estrogen have been

demonstrated in uterine arteries, cardiac myocites, and

vascular smooth muscle cells [30,31]. Since it has been

proposed that calcium channel blockers may reduce the
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progression of atherosclerosis in animals, it has been

hypothesised that estrogens might reduce the progression

of coronary artery disease by a similar mechanism in

humans [32,33]. Jiang et al. have shown that estradiol 17h
induces relaxation of isolated coronary artery rings and

isolated cardiac myocites contracted both by activation of

receptor-operated and potential-operated calcium channels

[15–17]. A calcium antagonistic property of estrogen has

been confirmed in coronary vascular myocites by measuring

cytosolic concentration, contraction, and calcium current

[18]. Recently, Sudhir et al. have demonstrated that estro-

gens cause dilation of conductance and resistance coronary

arteries in dogs when administered acutely into the coronary

circulation [34]. This in vivo effect was shown to be

endothelium-independent and partially mediated by effects

on calcium channels.

To our knowledge, the present is the first study to show a

non-endothelium-dependent effect of the hormones upon

coronary vasculature in vivo in humans. Indeed, methyl-

ergometrine causes constriction of coronary arteries via a

direct effect upon vascular smooth muscle cells. Therefore,

the attenuation of the methylergometrine-induced vaso-

constriction by estradiol 17h appears to be dependent upon

a direct effect of the hormone on coronary smooth muscle.

Because of the short time interval between estradiol 17h
administration and the attenuation of methylergometrine-

induced vasoconstriction, this effect is unlikely to be

genomic. The direct effect of estradiol 17h upon vascular

smooth muscle may play an integral role in the acute and

chronic regulation of coronary tone, and therefore in the

protection of the cardiovascular system. Together with the

endothelium-dependent mechanism, the endothelium-inde-

pendent effect of the hormone may explain the vascular

effects of ovarian hormones [35]. In this regard, more

human in vivo studies are needed to demonstrate the

effective role of this mechanism in vascular diseases related,

at least in part, to increased vascular tone.
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