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Wenner MM, Sebzda KN, Kuczmarski AV, Pohlig RT, Ed-
wards DG. ETg receptor contribution to vascular dysfunction in
postmenopausal women. Am J Physiol Regul Integr Comp Physiol
313: R51-R57, 2017. First published April 24, 2017; doi:10.1152/
ajpregu.00410.2016.—Endothelin-1 (ET-1) contributes to age-related
endothelial dysfunction in men via the ET 4 receptor. However, there
are sex differences in the ET-1 system, and ETg receptors are
modulated by sex hormones. The purpose of this study was to test the
hypothesis that ETg receptors contribute to impaired vasodilatory
function in postmenopausal women (PMW). We measured flow-
mediated dilation (FMD) using ultrasound, and cutaneous nitric ox-
ide-mediated vasodilation during local heating (42°C) via laser Dopp-
ler flowmetry in 18 young women (YW; 22 = 1 yr) and 16 PMW
(56 = 1 yr). Cutaneous microdialysis perfusions of lactated Ringer
(control), an ETg receptor antagonist (BQ-788, 300 nM), and an ETa
receptor antagonist (BQ-123, 500 nM), were done through separate
fibers, followed by perfusions of sodium nitroprusside (28 mM) and
local heating to 43°C (max). Cutaneous vascular conductance (CVC)
was calculated as cutaneous blood flow/mean arterial pressure and
expressed as a percent of maximal dilation. FMD (YW: 7.5 = 0.5 vs.
PMW: 5.6 = 0.6%) and cutaneous vasodilation (YW: 93 £ 2 vs.
PMW: 83 = 4%CVCp.x) were lower in PMW (both P < 0.05).
Blockade of ETj receptors decreased cutaneous vasodilation in YW
(87 £ 2%CVCpnax; P < 0.05 vs. control) but increased vasodilation in
PMW (93 = 1%CVCpax; P < 0.05 vs. control). ET s receptor block-
ade had minimal effect in YW (92 = 1%CVCpax) but increased
cutaneous vasodilation in PMW (91 £ 2%CVCpax; P < 0.05 vs.
control). In conclusion, ETg receptors mediate vasodilation in YW,
but this effect is lost after menopause. Impaired vasodilatory function
in PMW is due in part to a loss of ETg-mediated dilation.

aging; endothelin-1; endothelial function; cutaneous circulation

PRIMARY AGING is a major risk factor for cardiovascular disease
(CVD) (47a). One mechanism linking the age-related increase
in CVD may be impaired endothelial function or impaired
vasodilatory function of the vasculature (32, 59, 66). Although
it has been well established that declines in endothelial func-
tion occur with healthy aging (6, 15, 45, 52, 56, 65), the age at
which endothelial function becomes impaired differs between
men and women; endothelial function declines at a faster rate
in women after menopause (6). With the use of flow-mediated
dilation (FMD), an established measure of conduit artery
endothelial function, several studies have demonstrated im-
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paired endothelial function in postmenopausal women (PMW)
(5, 14, 44, 45). However, the underlying mechanisms remain
unclear. Because cardiovascular disease rates are higher in
PMW (33, 47a, 69), understanding the mechanisms contribut-
ing to vascular dysfunction with age in women are important.

The vascular endothelium releases several vasoactive sub-
stances to mediate dilation and constriction. It is well known
that impaired nitric oxide (NO) production or availability
contributes to endothelial dysfunction. Recently, age-related
impairments in endothelial function have also been associated
with endothelin-1 (ET-1) in men (10, 65). ET-1 is a potent
vasoconstrictor produced and released from endothelial cells
that acts on two receptor subtypes, ETA and ETg. Both recep-
tors are located on the vascular smooth muscle and mediate
vasoconstriction (3, 17, 34); however, ETg receptors are also
located on the endothelium and mediate vasodilation (17, 23).
In a recent review article, Kitada et al. suggest that the efficacy
of ET-1 receptor antagonists differs between men and women,
and sex differences in CVD may be related to ETg receptors
(28). ET-1 preferentially binds to ETg receptors in women
(12), and prior studies demonstrate sex differences in ET-1
receptor responses (24, 53). Moreover, it has recently been
demonstrated that ET-1 contributes to the age-associated de-
cline in endothelial function in men via the ET4 receptor (10,
65). To our knowledge, there have been no prior studies
examining ET-1 receptor responses between young women
(YW) and PMW. Because of sex differences in the ET-1
system, it is important to understand the impact of aging on
ET-1-mediated vascular dysfunction in women. Because
changes in sex hormones may alter ET-1 receptor function,
particularly ETg receptors (49, 62, 63), it is possible that the
impaired vascular function that occurs after menopause may be
related to the ET-1 system.

The cutaneous circulation is an excellent model to examine
mechanisms regulating vasodilatory function (20, 31). The
same vasoactive substances that are active in other circulatory
beds also operate in the cutaneous vasculature (20). Further-
more, both ET s and ETg receptors are present in the cutaneous
circulation (19, 20, 25, 26, 41). Measuring vasodilatory re-
sponses in the cutaneous circulation during microdialysis per-
fusions of pharmacological antagonists is a minimally invasive
approach to examine in vivo mechanisms regulating vascular
function in humans (20). Cutaneous vasodilatory responses to
local heating are largely mediated by NO (41) and have been
shown to be eNOS dependent (4, 26). Importantly, changes in
vasodilatory responses in the cutaneous circulation mirror
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changes in microvascular function of other beds, such as the
heart and kidneys, and impairments of microvascular vasodi-
latory function are associated with CVD risk (1, 8, 21, 27).

The purpose of this study was to examine the role of ET-1
in contributing to vascular dysfunction in PMW. We assessed
endothelial function using FMD along with measuring cutane-
ous vasodilatory responses to local heating. We further exam-
ined cutaneous vasodilatory responses during pharmacological
blockade of ET 4 and ETg receptors. We hypothesized that ETg
receptors would mediate vasodilation in YW but that this
vasodilatory response would be lost in PMW.

METHODS
Subjects

All experimental procedures and protocols were approved by the
University of Delaware Institutional Review Board, and the study
conformed to the standards outlined in the Declaration of Helsinki.
Verbal and written consent were obtained voluntarily from all subjects
before participation. Eighteen YW (22 = 1 yr) and 16 PMW (56 = 1
yr) participated in this study. All women completed a standard
medical screening at the University of Delaware Nurse Managed
Primary Care Center. A fasting blood sample was obtained and
analyzed for plasma glucose, lipid profile, and kidney and liver
function (Quest Laboratories). Inclusion criteria included a resting
blood pressure <140/90 mmHg, nondiabetic, and not taking over-the-
counter or prescription medications or supplements with primary or
secondary cardiovascular effects (e.g., statins, antihypertensives, an-
ticoagulants). Women were nonobese (body mass index <30 kg/m?),
did not use tobacco products, and were free from known cardiovas-
cular disease. Women were recreationally active, participating in
physical activity 3-5 days/wk, as indicated on a medical history
questionnaire. Two PMW and three YW reported not engaging in
regular exercise. Young women were tested either during the early
follicular phase of their menstrual cycle or during the placebo phase
if using oral contraceptives (n = 6) to minimize the impact of
fluctuating ovarian hormones on vascular function (7, 14, 16, 38).
Postmenopausal women were at least 1 yr since their last menses and
not taking hormone therapy. The average length since last menses for
PMW was 8 = 1 yr. All women were familiarized with the equipment
and experimental protocol before the testing visit.

Experimental Protocol

Women reported to the laboratory (22°C) either in the morning or
afternoon after refraining from exercise and alcohol for 24 h, caffeine
for 12 h, and food for at least 4 h. An over-the-counter urine
pregnancy test was performed in young women. Women lay supine
for ~20-30 min, and a venous blood sample was obtained from an
antecubital vein to assess sex steroids and plasma ET-1. Conduit
artery endothelial function was assessed in the brachial artery using
FMD as previously described (11, 37). Briefly, a longitudinal image of
the brachial artery was obtained via ultrasound (GE PS5; Healthcare,
Waukesha, WI). Baseline artery diameters were assessed on a con-
tinuous basis for 1 min, at which time a cuff placed below the
antecubital fossa was inflated to suprasystolic pressure (Hokanson
Rapid Cuff Inflator, Bellevue, WA) and remained inflated for 5 min.
Upon cuff deflation, brachial artery diameters were assessed contin-
uously for an additional 2 min. Brachial artery diameters were
assessed offline on a continuous basis using a custom LabVIEW
program; FMD was calculated as a percent change from baseline to
peak diameter.

Cutaneous microdialysis. Under sterile conditions, three microdi-
alysis fibers (CMA 31 Linear Microdialysis Probe; Harvard Appara-
tus, Kista, Sweden) were placed in the intradermal space on the dorsal
side of the right forearm as previously described (62, 64). Briefly
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stated, a 23-gauge needle was placed in the intradermal space, with an
entrance and exit site of 2 cm. Each microdialysis site was separated
by at least 1 in. The microdialysis fibers were then threaded through
the lumen of the needle, and the needle was removed, leaving the
microdialysis fiber situated in the intradermal space of the skin. The
microdialysis fibers were taped in place, and laser Doppler flow
probes (MoorLAB, Temperature Monitor SHO2; Moor Instruments,
Devon, UK) were secured to the surface of the skin over the site of
each microdialysis fiber. Laser Doppler probes measure red blood cell
flux, which is used as an index of blood flow, and also control local
skin temperature. Each site was perfused with lactated Ringer (2
pl/min) for 60-90 min after microdialysis fiber insertion to allow
local blood flow recovery (Bee Hive controller and Baby Bee micro-
infusion pumps; Bioanalytic Systems).

We measured baseline cutaneous blood flow for 5 min with skin
temperature clamped at 33°C. Microdialysis fibers were then perfused
with one of the following agents at 5 wl/min for 45 min: /) lactated
Ringer; 2) ETg receptor antagonist BQ-788 (300 nM; Sigma); or 3)
ET A receptor antagonist BQ-123 (500 nM; Sigma). Doses of ET-1
receptor antagonists were based off previously published data (63).
The heating device in the laser Doppler probes was then increased to
42°C (at a rate of 0.1°C/s) to induce vasodilation (41, 62). The
vasodilatory response to local heating is biphasic, with the initial peak
attributed to an axon reflex followed by a secondary prolonged plateau
phase (~25-35 min after heating begins) that is predominantly medi-
ated by NO (4, 26, 41). As such, we used this prolonged plateau phase
as our primary indicator of cutaneous vasodilatory responsiveness.
After the heating-induced plateau was established and maintained for
5 min, 28 mM of sodium nitroprusside was perfused (5 pl/min)
through all microdialysis fibers, and the temperature in the local
heating units was increased to 43°C to elicit maximal vasodilation as
previously described (62). Blood pressure was measured throughout
the protocol using an automated brachial blood pressure machine on
the contralateral arm (Dinamap Dash 2000; GE Medical Systems).

Blood Analysis

Blood samples for the analysis of serum estradiol (s[E.]) and
progesterone (s[P4]) concentrations were collected in separate tubes
without an anticoagulant. A separate blood sample was collected in an
EDTA tube for the analysis of plasma ET-1 concentration (p[ET-1]).
All tubes were centrifuged, to separate the serum or plasma, which
was then pipetted off and frozen at —80°C until time of analysis.
Serum [E>] and [P4] were determined using competitive enzyme-
linked immunosorbent assays (ELISA; Alpco, Salem, NH). The range
for the E» assay was 0-200 pg/ml with a sensitivity of 1.399 pg/ml.
Intra-assay and interassay coefficients of variation for the E, assay
were 2.72 and 0.17%, respectively. The range for the P, assay was
0.3-60 ng/ml with a sensitivity of 0.1 ng/ml. Intra-assay and interas-
say coefficients of variation for the P4 assay were 3.52 and 1.42%,
respectively. Plasma ET-1 was analyzed using an ELISA (R&D
Systems, Minneapolis, MN). Intra- and interassay coefficients of
variation were <2.5%. All samples were measured at a wavelength of
450 nm on an Infinite F200 Pro microplate reader, and data were
analyzed with Magellan IQ software (Tecan Group, Mannedorf, CH).

Data Analysis and Statistics

Cutaneous blood flow was recorded at 1,000 Hz using Powerlab
and LabChart (ADInstruments, Bella Vista, NSW, Australia). After a
stable plateau was achieved in response to local heating, 2 min of
cutaneous blood flow at each microdialysis site were analyzed. Sub-
sequently, maximal vasodilatory capacity was also measured at each
site (2 min) after a stable plateau was achieved from the SNP + 43°C.
Data are presented as cutaneous vascular conductance (CVC; cutane-
ous blood flow/mean arterial pressure) and normalized to the maximal
vasodilatory capacity reached from SNP + 43°C (%CVCpnax) to
account for site-to-site variations in blood flow (62, 64).
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Table 1. Participant characteristics

YW (n = 18) PMW (n = 16)

56 + 1%
162 + 2 (140-172)
63 + 2 (45-78)
24 + 1(19-29)

22+ 1

163 = 2 (142-182)
60 £ 2 (46-72)
23 = 1(17-28)

Age, yr

Height, cm (range)
Mass, kg (range)
BMI, kg/m? (range)

Systolic BP, mmHg 109 =3 123 + 3%
Diastolic BP, mmHg 67 =2 80 * 2%
Mean arterial BP, mmHg 812 94 = 2%
Heart rate, beats/min 60 =2 57 +2
Total cholesterol, mg/dl 163 £ 6 216 = 7*
HDL cholesterol, mg/dl 67 +3 85 *+ 4%
LDL cholesterol, mg/dl 82+ 6 117 = 6*
Triglycerides, mg/dl 79 *+9 73 *+7
Chol-to-HDL-C ratio 2.6 £0.2 2.6 £0.1
Fasting plasma glucose, mg/dl 80 £2 89 * 3%
Serum [E], pg/ml 31.8 £19.8 22.0 = 14.0
Serum [P4], ng/ml 0.76 = 0.59 0.67 = 0.57
Plasma [ET-1], pg/ml 1.39 = 0.41 1.74 + 0.42%*

Values are means = SE; n = 18 young women (YW) and 16 postmeno-
pausal women (PMW) except for estradiol (E»), progesterone (P4), and
endothelin-1 (ET-1) where n = 17 YW and 15 PMW. BMI, body mass index;
BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; Chol, cholesterol; HDL-C, HDL-cholesterol; [Ez], [P4], and [ET-1], Eo,
P4, and ET-1 concentration, respectively. *P < 0.05 vs. YW for serum [Ez],
[P4], and plasma [ET-1], YW n = 17, PMW n = 15.

Subject demographics, serum hormones, and plasma ET-1 were
compared between groups using unpaired z-tests. The effect of ET-1
receptor blockade (drug) on vasodilatory responses in YW and PMW
(group) was conducted using 3 X 2 Mixed Design ANOVA. Addi-
tionally, MAP and CVC,,.x were compared across protocol periods/
microdialysis sites between groups using a 4 X 2 Mixed Design
ANOVA. Model assumptions were tested using the Shapiro-Wilk test
for normality and Box’s M and Mauchly’s test for sphericity. If
sphericity was violated, the Greenhouse-Geisser correction was used.
Last, post hoc tests using Fisher’s least-significant difference proce-
dure for significant main and interaction effects were completed
through pairwise comparisons of marginal means and simple main
effects, respectively. Results are reported as means * SE, and the
alpha level was set at P < 0.05.

RESULTS

Subject characteristics are presented in Table 1. By design,
PMW were older compared with YW. All women were nono-
bese. Although systolic and diastolic blood pressure was
greater in PMW, all women were normotensive. Cholesterol
levels were higher in PMW; however, the ratio of cholesterol
to high-density lipoprotein-cholesterol was similar between
YW and PMW. Fasting plasma glucose was within normal
clinical limits. Sex steroids are also presented in Table 1.
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Serum [E;] and [P4] were similar in both groups. Plasma ET-1
was higher in PMW (Table 1).

Vascular Function

As expected, endothelial function as a measure by brachial
artery FMD was lower in PMW (7.5 = 0.5 vs. 5.6 = 0.6%,
P < 0.05; Fig. 1A). Consistent with these findings, the plateau
phase of cutaneous vasodilation in response to local heating
was also blunted in PMW (92 + 2 vs. 83 = 4%, P < 0.05;
Fig. 1B).

There was a significant drug X group interaction detected
for the ET-1 receptor antagonists (P < 0.05; Fig. 2, A and B).
In YW, blockade of ETg receptors reduced cutaneous vasodi-
lation (P < 0.05; Fig. 2A). However, ET receptor blockade
had no effect on vasodilatory responses in YW (Fig. 2A4). In
contrast to YW, ETg receptor blockade increased vasodilatory
responses to local heating in PMW (P < 0.05; Fig. 2B); a
similar response in PMW was also observed during ETa
receptor blockade (P < 0.05; Fig. 2B). Blood pressure was
higher in PMW than YW throughout the microdialysis proto-
col. There was a small but significant reduction in BP in both
groups during the heating at 43°C + SNP compared with the
plateau phase achieved with heating at 42°C (Table 2); this is
taken into account when CVC is calculated. Maximal vasodi-
latory capacity (CVC) was similar across microdialysis sites
and between groups (YW: control = 0.71 = 0.05, ETg =
0.70 £ 0.06, ETo = 0.58 = 0.06; PMW: control = 0.46 *+
0.05, ETg = 0.57 = 0.05, ETA = 0.54 = 0.05; P > 0.07).

DISCUSSION

The main novel finding of the current study is that impaired
vasodilation in PMW is due in part to a loss of ETg receptor-
mediated vasodilation. In YW, blockade of ETg receptors
resulted in a reduction in vasodilation, demonstrating that ETg
receptors mediate vasodilation. In contrast, blockade of ETg
receptors increased vasodilatory responses in PMW, demon-
strating a loss of ETg receptor-mediated dilation. These data
suggest a shift in ETg receptor function with aging/menopause.
We also show that blockade of ET4 receptors increased vaso-
dilatory responses in PMW, indicating a removal of ETa-
mediated constriction. Collectively, our study adds to the
understanding of the mechanisms involved in vascular dys-
function in PMW by demonstrating the ET-1 system is in-
volved in the impaired vasodilatory function that occurs after
menopause.

It is well recognized that PMW have impaired vascular
function. Consistent with prior investigations (45, 46, 55), our

A B
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control

data show that PMW have impaired endothelial function, as
evident by a lower flow-mediated dilation. Our data also show
that this blunted vasodilatory capacity is evident in microcir-
culation. Although prior studies have demonstrated impaired
cutaneous vasodilation with aging (42), to our knowledge, this
study is the first to report these findings in the cutaneous
circulation of PMW.

The mechanisms contributing to vascular dysfunction in
PMW are complex because of the dramatic changes in ovarian
hormones concomitant with an aging vascular system. Al-
though there have been significant advances in our understand-
ing of impaired vasodilatory function in women during and
after menopause, the underlying mechanisms are not com-
pletely understood (18, 43, 44, 46). It has previously been
established that aging and estrogen deprivation are associated
with a reduction in NO bioavailability (6, 14, 58). Furthermore,
this reduction in NO bioavailability is associated with eNOS
uncoupling and reactive oxygen species in PMW, and estrogen
deficiency plays an obligatory role in this response (46, 47).
Thus, it has become increasingly apparent that dysfunction in
the production and/or release of NO is a primary mediator of
impaired vasodilatory function in PMW. However, impaired
NO production and bioavailability may also be related to ET-1
(54, 60), and ET-1 signaling has recently been implicated in the
development of endothelial dysfunction in men (10, 65).

To our knowledge, our study is the first to examine a role for
ET-1 in contributing to impaired vasodilatory function in
PMW. Plasma levels of ET-1 generally increase in PMW (36),
and our data are consistent with these previous findings. These
increases in p[ET-1] may be related to changes in sex hor-
mones, since estrogen administration decreases p[ET-1]in YW
and PMW (39, 70). Because ET-1 is produced by endothelial
cells and is secreted abluminally, it is unclear whether this
increase in p[ET-1] is related to an increase in production or a
reduction in clearance of ET-1. Donato et al. recently reported
that age-related endothelial dysfunction in men was related to
greater ET-1 expression and bioactivity in endothelial cells

Table 2. Mean arterial blood pressure during
microdialysis protocol

YW PMW
Baseline 782 90 * 2%
ET-1 blockade 77 +2 90 + 2%
Heat 42°C 78 =2 91 + 2%
Heat 43°C + SNP 76 * 27 88 + 3%

Values are means = SE in mmHg. ET-1, endothelin-1; SNP, sodium nitro-
prusside. *P < 0.05 vs. YW. P < 0.05 vs. heat 42°C.

BQ-788

B PMW

100

& *
—— . —_
X 90
= —I—
X
O 80
>
O
50-|'
0
BQ-123 control BQ-788 BQ-123

(10), suggesting that aging may be associated with greater
ET-1 production. Alternatively, because the endothelial ETg
receptors also function as a clearance receptor for ET-1 (13), it
is also possible that a downregulation of endothelial ETg
receptors after menopause contributes to a greater p[ET-1].
Further investigation is needed to understand the mechanisms
by which p[ET-1] increases with age.

As previously mentioned, ET-1 acts on two primary recep-
tors: ET4 and ETg. Healthy aging has been associated with an
increase in ET-1 receptor expression in experimental animals
(22). Furthermore, fluctuations in ovarian hormones modulate
the expression of ET-1 receptors, particularly ETg receptors, in
cell and animal models (9, 48, 49). In humans, the proportion
of ETA and ETg receptors differs between men and women
(12), and alterations in sex steroids may influence ETg receptor
control of vascular function (62, 63). As such, we hypothesized
that ETg receptor control of vascular function would be altered
after menopause. In the current study, we show a differential
regulation of cutaneous vasodilatory responses by the ETgy
receptor in YW and PMW: in YW, ETg receptors mediate
vasodilation; however, this vasodilatory effect is lost after
menopause. We speculate that either endothelial ETg receptors
are downregulated or vascular smooth muscle ETg receptors
are upregulated after menopause. Because ETg receptors are
also within peripheral nerves and mediate vasoconstriction
(35), it is possible that greater sympathetic tone in PMW is
contributing to our findings of reduced dilation. Although we
are not able to discern the precise mechanism or changes in
receptor expression from the current study, our data are an
important first step in showing functional differences in the
regulation of vascular function in humans with age/menopause
via the ETg receptor. Importantly, our findings are in contrast
to previous findings in men showing that impaired endothelial
function with aging in men occurs in part because of greater
ETA receptor-mediated vasoconstriction (65). Therefore, sex
differences in the ET-1 system may be a primary contributing
factor to the known sex differences in endothelial dysfunction
and CVD (6, 47a, 55).

It is not clear if the loss of ET-B-mediated dilation in PMW
is primarily an aging effect or a result of changes in reproduc-
tive hormone status. It is challenging to completely separate
the effect of aging from the hormonal changes that occur with
menopause. We tested young women during the early follicular
phase of menstruation or during the placebo week of oral
contraceptive use to minimize the impact of circulating repro-
ductive hormones, consistent with prior studies examining
vascular function in women (7, 14, 16, 38). However, the
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composition of synthetic hormones can cause differential ac-
tion on endothelial function (38, 40, 57). We were not powered
to examine these differences in the current study, but it is an
interesting area for future investigation given the use of syn-
thetic hormones not only in young women for contraceptive
use but also in postmenopausal women for the treatment of
menopausal symptoms.

Limitations. We recognize that there are other vasoactive
substances regulating vascular endothelial function, such as
NO and prostaglandins. Our current analysis was focused on
the role of ET-1, and we were not able to explore additional
mechanisms or interactions with ET-1. However, the findings
of our study provide a foundation for future studies to explore
additional mechanisms and interactions with ET-1. Second,
ET-1 exerts other effects that can contribute to impaired
vasodilatory function. For example, ET-1 can stimulate reac-
tive oxygen species (50, 61), and oxidative stress has been
shown to contribute to impaired endothelial function in PMW
(47). Increased arterial stiffness is also evident in PMW (18,
67); this increased stiffness in PMW was attenuated after
infusion of ascorbic acid, indicating a role for oxidative stress
(18). In addition, ET-1 can also activate matrix metalloprotei-
nases and increase collagen production, cause smooth muscle
proliferation, induce fibrosis, and lead to inflammation (2, 30,
51). Therefore, ET-1 may be involved in the greater arterial
stiffness observed in PMW. Unfortunately, we did not measure
arterial stiffness in the current investigation and cannot deter-
mine whether there was a relationship between ET-1 receptor
function and arterial stiffness. Taken together, the interactions
of multiple regulatory pathways are likely involved in the
impaired vascular function that occurs after menopause.

In conclusion, we demonstrate that the ET-1 system plays an
important role in the impaired vascular function observed in
PMW. Specifically, we show that ETg receptor-mediated dila-
tion in young women is lost after menopause. These data add
to our understanding of the mechanisms that contribute to
impaired vasodilatory function that occurs after menopause.

Perspectives and Significance

It is now well recognized that sex difference are apparent in
the prevalence of CVD with aging, such that CVD is more
prevalent in women after menopause. Furthermore, age-related
declines in endothelial function are also different between men
and women. Dysregulation of ETg receptors has received
increasing attention for being a proposed link for the known
sex differences in CVD pathologies (28, 29), and our findings
support this notion by showing important functional differ-
ences in vasodilatory function via the ETg receptor with
menopause.
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