Am J Transl Res 2014;6(1):91-101
www.ajtr.org /ISSN:1943-8141/AJTR1309011

Original Article
Cardiovascular autonomic dysfunction in primary
ovarian insufficiency: clinical and experimental evidence

Silvia Goldmeier®”, Katia De Angelis?*, Karina Rabello Casali!, César Vilodre?, Fernanda Consolim-Colombo?,
Adriane Bell6 Klein®, Rodrigo Plentz®, PoliMara Spritzer®®, Maria-Claudia Irigoyen**

1nstituto de Cardiologia do Rio Grande do Sul/Fundacdo Universitaria de Cardiologia (IC/FUC), Porto Alegre,
Brazil; 2Universidade Nove de Julho (UNINOVE), Sdo Paulo, Brazil; *Division of Endocrinology, Gynecological Endo-
crinology Unit, Hospital de Clinicas de Porto Alegre (HCPA), Porto Alegre, Brazil; “Hypertension Unit, Heart Institute
(InCor), Medical School of University of Sao Paulo, Sao Paulo, Brazil; *Department of Physiology, Universidade
Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil; °Department of Physiotherapy, Universidade Federal
de Ciéncias da Satide de Porto Alegre (UFCSPA), Porto Alegre, Brazil. "Equal contributors.

Received September 23, 2013; Accepted November 16, 2013; Epub December 1, 2013; Published January 1,
2014

Abstract: Objective: Women with primary ovarian insufficiency (POI) present an increased risk for cardiovascular
disease. In this study we tested the hypothesis that POl in women under hormone therapy (HT) are associated with
vascular vasodilatation attenuation and cardiovascular autonomic dysfunction and these impairments are related
to changes in systemic antioxidant enzymes. Furthermore, the possibility that ovarian hormone deprivation can
induce such changes and that HT cannot reverse all of those impairments was examined in an experimental model
of POI. Methods: Fifteen control and 17 patients with primary ovarian insufficiency receiving HT were included in the
study. To test the systemic and cardiac consequences of ovarian hormone deprivation, ovariectomy was induced
in young female rats that were submitted or not to HT. Spectral analysis of RR interval and blood pressure signals
were performed and oxidative stress parameters were determined. Results: POl women under HT have increased
mean arterial pressure (94+10 vs. 865 mmHg) despite normal endothelial and autonomic modulation of vascula-
ture. Additionally, they presented impaired baroreflex sensitivity (3.9+1.38 vs. 7.15+3.62 ms/mmHg) and reduced
heart rate variability (2310+1173 vs. 3754+1921 ms?). Similar results obtained in ovariectomized female rats were
accompanied by an increased lipoperoxidation (7433+1010 vs. 61804289 cps/mg protein) and decreased antioxi-
dant enzymes in cardiac tissue. As it was observed in women, the HT in animals did not restore hemodynamic and
autonomic dysfunctions. Conclusion: These data provide clinical and experimental evidence that long term HT may
not restore all cardiovascular risk factors associated with ovarian hormone deprivation.

Keywords: Primary ovarian insufficiency, women, rats, autonomic nervous system, oxidative stress, hormones,
endothelium

Introduction with POI restores normal physiology and might
also have beneficial effects on the cardiovascu-

Premature ovarian failure, or primary ovarian lar system. However, the magnitude of long-

insufficiency (POI), is defined as a failure of the
ovarian function before the age of 40. It is char-
acterized by amenorrhea during four months or
more, associated with sex steroid deficiency
and high gonadotropin levels [1]. Prevalence of
POI at reproductive age is estimated as 1% in
women under the age of 40 and 0.1% in women
under the age of 30 [2].

Women who experience POl are at increased
risk for cardiovascular morbidity and mortality
[3, 4]. Hormonal therapy (HT) in young women

term risk in these patients, including cardiovas-
cular disease (CVD) remains an unresolved
issue.

Cardiovascular disease (CVD), which is the lead-
ing cause of premature death in the Western
World, typically develops 10 years later in
women than in men. It's well known many CVD
states have been associated with alterations in
the cardiovascular autonomic control, such as
reduced parasympathetic modulation and
increased sympathetic modulation of the heart
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evaluated by different methods. Moreover,
many CVD states have been associated with
baroreflex impairment, the most important
short-term regulator of arterial blood pressure
(AP). Indeed, the measurement of heart rate
variability (HRV) and baroreflex sensitivity (BRS)
has been used as a tool to better quantify the
markers of autonomic dysfunction [5]. Addi-
tionally, oxidative stress has been implicated in
the pathophysiology of a large number of dis-
eases, and it plays a possible mechanistic role
in baroreflex dysfunction. Antioxidant substanc-
es seem to improve BRS [6, 7] and oxidative
stress reduction was correlated with this reflex
improvement in rats [8, 9]. In this aspect, scien-
tists have long established that the female hor-
mone estrogen protects against CVD, but the
mechanism of action remains unclear. Studies
have shown that ovarian hormones deprivation
induces endothelial dysfunction, autonomic
impairment and increases oxidative stress in
fertile young women as well as in female ovari-
ectomized rats [8, 10-12].

Considering these data reported above, it is
reasonable to hypothesize that women with
POF (or premature menopause) present an
increased risk for CVD, which might be attrib-
uted to the early onset of ovarian hormone
deprivation. However, until recently, very few
studies have assessed the cardiovascular con-
sequences of POF and there is no information
about autonomic dysfunction and baroreflex
sensitivity, as well as, the role of oxidative
stress in women diagnosed as POF. In this
study we tested the hypothesis that POF in
women under HT are associated with vascular
vasodilatation attenuation and cardiovascular
autonomic dysfunction, quantified by HRV and
BRS, and that these impairments are related to
changes in systemic antioxidant enzymes.
Furthermore, considering that HT is indicated
for women after POF, the possibility that ovari-
an hormone deprivation can induce such
changes and that HT cannot reverse all of those
impairments was examined in an experimental
model of POF induced by ovariectomy in young
adult rats submitted or not to HT. This experi-
mental model also allows the study of oxidative
stress in cardiac tissue.

Methods
Evaluations in POl women

Seventeen women with POl diagnosis (POI
group) and fifteen control women (C group)
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were included in this study. The POI patients
with amenorrhea were investigated at the
Gynecological Endocrinology, Division of
Endocrinology, Hospital de Clinicas de Porto
Alegre and had more than a 7-year follow-up
from POI diagnosis. POl was defined as sec-
ondary amenorrhea before the age of 40 years,
in normal female karyotype (46, XX) that
showed high gonadotropin levels (FSH>40 [U/L)
in at least two consecutive determinations and
hypergonadotropic ovarian failure resulting
from causes other than autoimmune ovarian
diseases, surgery, chemotherapy or radiothera-
py. Women included in our study in POl group
showed at the diagnosis, as expected,
increased FSH (53.9+24.15 IU/L), luteinizing
hormone plasmatic levels (LH: 27.1+11.2 1U/L),
and reduced estradiol plasmatic levels
(17.7+£14.9 pg/mL) in relation to normal stan-
dard ranges [13]. While soon after the diagno-
sis, the patients underwent HT, reaching estro-
gen plasmatic levels no lower than 50 pg/mL,
the time elapsed since menstrual irregularities
until the diagnosis was variable (4 months to 6
years). HT consisted of continuous oral daily
conjugated estrogens plus medroxiprogester-
one acetate, 14 days a month. Age-matched
control women with regular cycles and users of
non-hormonal contraceptive methods were
selected from the same Ginecological
Endocrinology Unit. All measurements in this
group of patients were performed in the days 2
to 10 of the menstrual cycle. Patients present-
ing diabetes mellitus, hypertension, hipercho-
lesterolemia, overweight and under pharmaco-
logical treatment or cigarette smoking or
alcohol abuse were excluded from this study.
All women gave written informed consent for
participation in this institutional Cardiology
Review Board-approved study.

Anthropometric measurements included body
weight, height, waist circumference (WC, mea-
sured at the midpoint between the lower rib
margin and the iliac crest) and body mass index
(BMI, by the ratio of weight (Kg) and square
height (m?) determinations. Blood samples
were collected by assessing an antecubital vein
for biochemical and hormonal parameter deter-
mination, as well as antioxidant enzyme
quantification.

Brachial flow-mediated vasodilation: Nonin-
vasive endothelial function was assessed using
brachial artery ultrasound. Analyses were per-
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formed in acclimated room at the Institute
of Cardiology of Porto Alegre. The ultrasound
study was performed using EnVisor Series
(Philips Ultrasound - Bothell, WA - USA) that is
composed by an echo Doppler instrument
equipped with a 7-12 MHz resolution linear and
a software to image the data acquired in bi-
dimensional mode with color Doppler and ECG
signal. A pressure cuff was placed on the left
arm and inflated up to 50 mmHg above systolic
pressure during 5 minutes, immediately, the
cuff was removed and the brachial artery inter-
nal diameter images were obtained and endo-
thelium-dependent vasodilator function record-
ed. Ten minutes were allowed for vessel
recovery. After this recovery period, a second
baseline scan was performed. Glyceryl trini-
trate (0.4 mg; Nitrostat, Parke-Davis, Morris
Plainf, New Jersey, USA) was administered and
the 4th scan of the brachial artery was per-
formed, according to the guidelines [14].

Hemodynamic and autonomic evaluations:
Hemodynamic measurements were recorded
using arterial pressure signal obtained by
Finapres Medical Systems devices that contin-
uously assess the pressure wave, through a
sensor placed on the patient’s finger. All records
were performed in a quiet and acclimatized
room by a data acquisition system (CODAS,
1-kHz sampling frequency; Dataq Instruments,
Inc., Akron, OH). To test the autonomic modula-
tions, it was applied an orthostatic maneuver.
Records were performed with patients resting
for 30’ prior to the start of recording the signal:
10’ in supine position and 10’ standing upright.
Frequency domain analysis of heart rate vari-
ability (HRV) was performed with an autore-
gressive algorithm [15, 16] on the interval pulse
(IP) and systolic arterial pressure (SAP)
sequences (200 beats). The power spectral
density was calculated for each stationary time
series, using specific softwares. In this study,
two spectral components were considered: low
frequency (LF), from 0.04 to 0.15 Hz; and high
frequency (HF), from 0.15 to 0.40 Hz. The spec-
tral components were expressed in absolute
(ms?) and normalized units (nu). Spontaneous
BRS was estimated by the alpha index, defined
as the square root of the ratio between LF pow-
ers in BPV and HRV.

Biochemical measurements: A fasting blood
sample was obtained for sodium (Na), potassi-
um (K), glucose, total cholesterol, high and low-
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density cholesterol (HDL and LDL, respective-
ly), triglycerides (TG), urea and creatinine
quantification. Laboratory measurements were
performed using automated enzymatic com-
mercial kits (Roche, Mannheim, GE).

Antioxidant enzyme determinations: After col-
lection, heparinized venous blood samples
were washed in a solution of 9 g/L sodium chlo-
ride and centrifuged three times at 3000 g for
10 min at room temperature. White cells were
discarded by aspiration and the erythrocytes
diluted 1/10 in 1 mM acetic acid and 4 mM
magnesium sulfate, placed in an ice bath for
10 min and centrifuged at 4200 g for 20 min at
0°C. The supernatant was used for enzymes
assays. Superoxide dismutase (SOD) activity
was measured in blood by rate inhibition of
pyrogallol auto-oxidation at 420 nm as
described previously by Marklund [17].

The enzyme activity was reported as U/mg
hemoglobin. Catalase (CAT) concentration was
measured by monitoring the decrease in the
hydrogen peroxide concentration spectropho-
tometrically at 240 nm, and the results are
reported as pmol of hydrogen peroxide/mg
hemoglobin [18].

Evaluations in a rat experimental model of POI

Experiments were performed on 21 female vir-
gin Wistar rats (19214 g) from the Animal
Shelter of Sao Judas University, Sao Paulo,
Brazil, receiving standard laboratory chow and
water ad libitum. The animals were housed in
individual cages in a temperature-controlled
room (22°C) with a 12-h dark-light cycle. All sur-
gical procedures and protocols used were
approved by the Experimental Animal Use
Committee of the Sao Judas University and
were conducted in accordance with National
Institute of Health (NIH) Guide for the Care and
Use of Laboratory Animals. The rats were ran-
domly assigned to one of three groups: control-
sham (S, n=7), experimental POl induced by
ovariectomy (EPOI, n=7) and EPOI + estrogen
therapy (EPOI+ET, n=7). POl was induced by
ovariectomy at 10 weeks of age under anesthe-
sia (Ketamine 80 mg/kg + Xylazin 12 mg/Kg)
[8, 11, 19]. Control-sham rats (S group) were
submitted to an ovariectomy sham procedure.
Seven days after ovariectomy and under the
same anesthesia, the EPOI+ET rats were sub-
cutaneously implanted with a pellet releasing
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1.5 mg/day 173-estradiol (Innovative Research
of America, Toledo, OH over an 8-week period).
As reported recently, the concentrations of
17B-estradiol decreases in ovariectomized rats
and increases after 17B-estradiol pellets
implantation in these animals [11, 12]. In this
study, the estrogen concentration, measured
by immunoassay, was non-detectable in EPOI
group, and the estrogen concentration was
similar between S and EPOI+ET groups (3947
and 57+15 pg/ml, respectively).

Cardiovascular assessments: Nine weeks after
experimental POl induction, 2 catheters were
implanted into the carotid artery and jugular
vein (PE-10) of the anesthetized rats (Ketamine
80 mg/kg + Xylazin 12 mg/Kg) for direct mea-
surements of AP and drug administration,
respectively. During experiments, rats received
food and water ad libitum; the rats were con-
scious in their cages and allowed to move freely
during the hemodynamic experiments. Vaginal
secretion was collected and was observed
under a light microscope for the determination
of the estrous cycle phases. Given the short-
time of the ovulatory phase, all evaluations in S
rats were performed during the non-ovulatory
phases of estrous cycle (metaestrous and
dyestrous). The arterial catheter was connect-
ed to a transducer (Blood Pressure XDCR,
Kent®© Scientific, Litchfield, CT), and AP signals
were recorded over a 30-minute period by an
analog-to-digital converter board (CODAS,
2-kHz sampling frequency; Dataq Instruments,
Inc., Akron, OH) [8, 19]. Increasing doses of
phenylephrine (0.25 to 32 ug/kg) and sodium
nitroprusside (0.05 to 1.6 ug/kg) were given to
produce AP responses ranging from 5 to 40
mmHg. A 3-5 minute interval between doses
was necessary for AP to return to baseline. BRS
was evaluated by a mean index [8, 19].

Oxidative stress profile: After hemodynamic
evaluations, animals were killed by decapita-
tion, the heart (ventricles) was immediately
removed, rinsed in saline, trimmed to remove
fat tissue and visible connective tissue. This tis-
sue was placed in ice-cold buffer and was
homogenized in an ultra-Turrax blender using 1
g of tissue for 5 mL of 150 mmol/L potassium
chloride and 20 nmol/L phosphate buffer, pH
7.4. The homogenates were centrifuged at 600
g for 10 min at -2°C. Chemiluminescence (CL)
assay was carried out with a LKB Rack Beta
Liquid Scintillation Spectrometer 1215 (LKB
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Producer AB, Bromma, Sweden) in the out-of-
coincidence mode at room temperature (25-
27°C). The supernatants were diluted in 140
mmol/L KCI, 20 mmol/L phosphate buffer, pH
7.4, and added to glass tubes, which were
placed in scintillation vials; 3 mM tert-butyl
hydroperoxide was added and CL was deter-
mined up to the maximal level of emission [8,
20]. CAT concentration was measured spectro-
photometrically by monitoring the decrease in
H,0, concentration over time. Aliquots of the
samples were added to 50 mM phosphate buf-
fer in a quartz cuvette. After determining the
baseline of the instrument, H,0, was added to
a final concentration of 10 mM in 0.9 ml and
absorbance was measured at 240 nm [8, 17].
SOD activity was determined in the homoge-
nates by measuring the inhibition of the rate of
autocatalytic adrenochrome formation at 480
nm in a reaction medium containing 1 mM epi-
nephrine and 50 mM glycine-NaOH, pH 10.5 [§,
18]. Proteins were assayed using the method of
Lowry et al. [21].

Statistical analysis

Data are presented as the mean + SD. Part 1.
Comparisons between the two groups for gen-
eral characteristics, biochemical evaluations,
vascular function and antioxidant enzymes
were performed using Student’s unpaired t
tests or Mann Whitney test. The spectral analy-
sis parameters were analyzed using Two Way
Repeated Measures of ANOVA (One Factor
Repetition) followed by Student-Newman-Keuls
test. Part 2. One Way ANOVA was used to com-
pare the groups, followed by the Student-
Newman-Keuls test. The significance level for
all tests was established as P<0.05.

Results
Evaluations in POl women

Table 1 shows the baseline characteristics of
studied women groups. There were no differ-
ences in age and in anthropometric measure-
ments between control and POI groups. No dif-
ferences were observed either in fasting serum
levels of total cholesterol, HDL and LDL choles-
terol, triglycerides, glucose, or in sodium, potas-
sium, creatinine and urea levels between both
groups.

Table 2 shows the endothelium-dependent
(FMD) and independent (GTN-induced) vasodi-
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Table 1. Characteristics of control (C) and premature
ovarian failure (POIl) groups

C POI P value
Age (years) 3849 3719 0.76
BMI (kg/m?) 26+3 26+5 0.74
WC (cm) 91+7 92+11 0.76
Na (mEq/L) 141+3 139+3 0.07
K (mEg/L) 4.3+0.4 4.2+0.5 0.54
Glucose (mg/mL) 877 8548 0.44
Total Cholesterol (mg/dL)  187+35 196+31 0.41
LDL (mg/dL) 135+28 129+26 0.66
HDL (mg/dL) 5149 5247 0.75
TG (mg/dL) 84+33 82+33 0.83
Urea (mg dL) 25+3 27+6 0.25

Creatinine (mg/dL) 0.59+0.06 0.65+0.10 0.07

Data are reported as means * SD. (Student t test). BMI: body mass
index, WC: waist circumference, SBP: systolic blood pressure, DBP:
diastolic blood pressure, HR: heart rate, Na: sodium, K: potassium,
HDL: high density cholesterol, LDL: low density cholesterol; TG:
triglycerides.

Table 2. Arterial vascular function in control (C) and
premature ovarian failure (POI) groups

C POI P value
FMD (%) 13.7+5.5 14.2+7.1 0.84
GTN (%) 24.2+8.5 22.1+11.7 0.54

Data are reported as means * SD. (Student t test). FMD: flow-mediat-
ed dilatation, GTN: glyceryl trinitrate mediated vasodilatation.

Table 3. Antioxidant enzymes determinations in erythro-
cytes of control (C) and premature ovarian failure (POI)
groups

C POF P value
CAT (pg/mg Hb) 3.15+1.06 6.48+3.55" 0.04
SOD (USOD/mg Hb) 3.15+0.58 3.06+1.20 0.33

Data are reported as means + SD. "p<0.05 vs. C group (Student
t test). CAT: catalase enzyme concentration, SOD: superoxide dis-
mutase enzyme activity, Hb: hemoglobin.

latation in studied women groups. The FMD
and GTN-induced responses were similar
between C and POI groups, indicating that both
groups had normal arterial vasodilatation.

stolic and mean arterial pressure in POI
as compared with C women in supine
position, which was sustained while
standing. No differences were observed
in SAP while HR was lower in POl than in
control in both supine and standing situ-
ation (Table 4). HRV total variance was
lower in POl women in the supine posi-
tion in relation to C women. This reduc-
tion in HRV was not additionally
decreased in response to the standing
maneuver in POl group, since only the C
group reduced HRV total variance in
response to orthostatism maneuver
(Table 4, Figure 1). The absolute LF com-
ponent of HRV was similar between POI
and C women, while both groups present-
ed increased normalized values of LF
component, decreased absolute and nor-
malized values of HF component and an
increase in LF/HF ratio, comparing supine
with standing situation. The studied
groups showed no statistical difference
in SAPV. Both studied groups responded
similarly to standing maneuver, showing
an increase in SAPV total variance and in
its LF componentrelated to vascular sym-
pathetic modulation. However, spontane-
ously BRS expressed by alpha index was
reduced in the POl women compared
with C women in the supine condition.
Furthermore, the reduction in this index
after standing maneuver was observed
only in C group.

Evaluation in a rat experimental model
of POI

As described in Table 5, EPOI rats pre-
sented higher MAP compared to S rats,
and HT did not decrease MAP. HR was
similar among the groups. Experimental
POl caused a decrease in tachycardic

response evoked by baroreceptor activation
during AP falls (p<0.001). HT did not change
tachycardic response (p>0.54). The bradycard-
ic response to AP rises was similar among S,

EPOI, EPOI+ET groups (p>0.16) (Figure 2).

The CAT concentration was increased in POI
group as compared with C group, while no
changes were observed in SOD activity (Table

Myocardium oxidative stress assessed by
membrane lipid peroxidation was increased

3). after experimental POl and was restored by HT.
These changes were accompanied by signifi-

Evaluation of beat to beat BP signals was able
to show a small, but significant increase in dia-
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cant alterations in antioxidant enzymes in this
tissue. The CAT concentrations and the SOD

Am J Transl Res 2014;6(1):91-101



Autonomic dysfunction in POl following HT

Table 4. Hemodynamic and autonomic evaluations in control (C) and premature ovarian failure (POI)

groups
C POI
Supine Standing Supine Standing
SAP (mmHg) 12549 123+11 122+12 121+13
DAP (mmHg) 6515 68+7 7248" 77+12"
MAP (mmHg) 8615 8719 94+10" 96+11"
HR (bpm) 7148 84+9% 64+1" 76+147%
HRV - var (ms?) 375411921 1860+1035* 2319411737 1455+766
-f.. (Hz) 0.10+0.03 0.10+0.02 0.09+0.03 0.09+0.03
- LF (ms?) 844+490 6361542 5781400 4204391
- %LF (nu) 43.9+19.9 79.1+13.0% 39.6+16.9 70.5%£20.7*
-f. (H2) 0.27+0.05 0.24+0.04 0.29+0.05 0.29+0.05"
- HF (ms?) 857+474 194+170% 821+803 150+86+*
- %HF (nu) 56.1.3+19.1 20.9+13.0¢ 60.4+16.9 29.5+20.7+
- LF/HF 1.3+0.7 5.8+4.2% 0.8+0.5 4.5+4.0*
SAPV - var (mmHg?) 14.61£5.1 34.3+20.7* 15.1+£5.5 34.8+22.9%
- LF (mmHg?) 21.5+12 95.7+60.4* 35.91+9.34 74.7+44.6%
- HF (mmHg?) 17.0+£8.7 16.2+12.1 23.1+17.8 18.1+14.1
o Index (ms/mmHg) 7.15+3.62 2.87+1.60% 3.9+1.38" 2.56+3.23

Data are reported as means + SD. "p<0.05 vs. C group in the same condition. *p<0.05 vs. supine condition in the same group.
MAP: mean arterial pressure, DAP: diastolic arterial pressure, SAP: systolic arterial pressure, HR: heart rate, HRV: heart rate
variability, SAPV: systolic arterial pressure variability, var: total variance, f: spectrum frequency, LF: low frequency component,

HF: high frequency component.

enzyme activity reduced after POl and were
restored with HT (Table 6).

Discussion

There are important insights in the present
study. Women with POl under HT who were fol-
lowed up for more than 7 years presented nor-
mal endothelial function and vascular auto-
nomic modulation (LF SPV) with an increase in
the systemic antioxidant enzymes. However,
they showed increased MAP (although in nor-
mality range), impaired HRV and BRS at supine
position, reinforcing the complexity of mecha-
nisms involved in ovarian hormone deprivation
and cardiovascular function relationship. By
using an experimental approach, it was possi-
ble to reproduce a very similar animal model of
human ovarian hormone deprivation and to
study the effects of the lack of estrogens on
cardiovascular variables in animals, since a
group of patients with POI without HT is difficult
to recruit. Indeed, MAP increase and the BRS
impairment observed in ovariectomized rats
were associated with an increase in oxidative
stress and a decrease in antioxidant enzymes
in cardiac tissue. The use of estrogen therapy

96

in ovariectomized rats could restore the cardiac
oxidative profile, although it was not able to nor-
malize hemodynamic and autonomic dysfunc-
tions, confirming the data we have obtained
from POl women under HT.

Little is known about the effect of estrogen
deprivation on cardiovascular risk in young
women with POl (or premature menopause). In
this aspect, it is important to highlight that nat-
ural menopause (>50 years of age) is associat-
ed with endothelial dysfunction [22, 23]. POI
has been also associated with significant endo-
thelial dysfunction, which is already restored
following six months of cyclical HT [24]. The
results of the present study, confirm the role of
estrogen therapy in vascular function, since our
data demonstrated that POl women that were
chronically treated with HT (>7 years) present-
ed similar dependent and independent endo-
thelium vasodilation when compared with aged
matched healthy control women.

In the present study heart homogenates of POI
rats presented increased oxidative stress,
characterized by a high index of membrane
lipoperoxidation accompanied by a reduction in
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Figure 1. Examples of power spectrum obtained by spectral analysis, applied to IP series of control group (A) and POI
group (B) in supine condition (black line) and after sympathetic maneuver (standing condition) (grey line).

Table 5. Hemodynamic evaluations in sham
(S), experimental premature ovarian failure
(EPOI) and experimental premature ovarian
failure+estrogen therapy (EPOI-ET) rats

S EPOI  EPOI+ET P value

MAP (mmHg) 106+4 123+8" 121+9* 0.01
HR (bpm) 358+27 359431 369+30 0.74

Data are reported as means + SD. "p<0.05 vs. S group (One
Way ANOVA). MAP: mean arterial pressure, HR: heart rate.

CAT concentration and SOD activity. These
changes were likely followed by a nitric oxide
(NO) bioavailability increase [25, 26]. A previ-
ous study of our group demonstrated reduced
SOD and unchanged CAT after ovariectomy in
myocardium of female rats [27]. Since SOD
detoxifies the superoxide anion, which inacti-
vates NO [28], the increased myocardium SOD
activity in POI rats submitted to HT in the pres-
ent study may be associated with an increased
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NO bioavailability and consequently with an
improvement in endothelial function. A previ-
ous study has reported that a free radical scav-
enger (N-acetyl-L-cysteine) reverted endothelial
dysfunction in the aortic rings of ovariecto-
mized rats [29]. Hernandez et al. showed that
estrogen administration increases vascular
conductance in ovariectomized rats, relating
this effect to an increase in NO synthesis and/
or oxidative stress prevention, thus improving
endothelial function [11].

It is noteworthy that our data have shown a
higher level of antioxidant activity in POl women
under HT than in normal controls. This increase
may be related to a compensatory local vascu-
lar mechanism related to control of sympathet-
ic activity. A recent review has discussed the
important interaction between peripheral sym-
pathetic activity and endothelial function in car-
diovascular profile. It has been suggested that
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Figure 2. Baroreflex sensitivity. A: Alpha index in control (C) and premature ovarian failure (POlI) women groups. B:
Tachycardic and bradycardic responses to arterial pressure changes in sham (S), experimental premature ovarian
failure (EPOI) and experimental premature ovarian failure+estrogen therapy (EPOI-ET) rats. *p<0.05 vs. C group or
S group. £p<0.05 vs. supine condition in the same group.

Table 6. Oxidative stress profile in sham (S), experimental prema-
ture ovarian failure (EPOI) and experimental premature ovarian

failure+estrogen therapy (EPOI-ET) rats

Moreover, while it was not
possible to obtain a POI
group without HT for long

S EPOI

term, because of obvious

6180+289 7433+1010"
3.84+0.17 3.10+0.68"
43+3.24 29+3.50"

CL (cps/mg protein)
CAT (pmol/mg protein)
SOD (USOD/mg protein)

EPOI+ET P value
5808+8067 0.004 ethical reasons, the fact
4.32+0.72"  0.037 that HT revert, at least in
;17+_7 5'1T o 6001 great part, the cardiovascu-

Data are reported as means + SD. "P<0.05 vs. S group; "P<0.05 vs. EPOI group. (One

lar dysfunction in POI
women seems to be an ade-

Way ANOVA). CL: chemiluminescence; CAT: catalase enzyme concentration, SOD:

superoxide dismutase enzyme activity.

endothelial function could counteract a higher
peripheral sympathetic activity in order to main-
tain cardiac output and AP in normal range val-
ues [30]. Although we have not measured direct
sympathetic activity in POl women, the present
data demonstrate a decrease in BRS and HRV
associated with a slightly but significant
increase in AP, even during HT. However, it is
important to note that a variable time elapsed
between the menstrual dysfunction that pre-
ceded the beginning of amenorrhea and the
starting of HT in our POI patients. Indeed as
previously reported, approximately 50% of POI
patients presented a history of oligomenorrhea
or dysfunctional uterine bleeding before defini-
tive POI [31]. Therefore, it is possible to specu-
late that the duration of time preceding the
diagnosis of POl and, in consequence, the time
of hypoestrogenic status, may have exerted an
influence on the results of the present study.
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quate evidence of the role

of normal estrogen concen-

tration in cardiovascular
physiology in young women with hypogonad-
ism. Although endothelial function was corre-
lated to atherosclerosis development and con-
sequently increased cardiovascular risk in POI
women, other risk factors must be considered
in this scenario. The enhanced incidence of
CVD in this population can also be related to
changes in AP and its regulation, independently
or, at least, not only related to endothelial dys-
function. In rats and mice, AP values after ovar-
ian hormones deprivation were higher when
compared to those observed in healthy control
femalerats[8,11,12,19, 31, 32]. Corroborating
those findings, we showed elevated MAP val-
ues in rats submitted to POI in relation to the
sham group. Despite the HT, the female rat
group supplemented with  17B-estradiol
(EPOI+ET group) also presented increased AP
values as compared to sham female controls.
Furthermore, women with POl undergoing long
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term HT in the present study presented higher
MAP (although in the normality range) in rela-
tion to control women. A previous study had
also shown unchanged AP after long term HT in
women [33].

HT has been described as a strategy to protect
females from cardiac death probably by improv-
ing vagal activity [33]. In accordance with this
clinical observation, previous data of our group
has shown that rats supplemented with
17B-estradiol had an exacerbated vagal tonus
when compared to sedentary ovariectomized
control rats, reaching values similar to control
females [12]. Experimental studies in rats have
demonstrated that the sympathetic inhibition,
by presynaptic control mechanisms, is more
potent in females than males and these mech-
anisms are attenuated by ovariectomy [34].

Antioxidant therapy by increasing the bioavail-
ability of NO in sinus node may influence the
autonomic control [35] preventing the auto-
nomic dysfunction caused by free radicals [6]
and improving the effectiveness of the cardiac
response [25]. In this sense, the HT- induced
effects in antioxidant enzymes (SOD and CAT in
rat hearts and in the patients blood cells) could
have contributed to the improvement in cardiac
autonomic/modulation, as previously demon-
strated by antioxidant therapy. Importantly,
clinical data of the present study demonstrated
normal autonomic balance and also similar LF
component of HRV, but reduced total power of
HRV in POl women under HT. Considering that
reduced BRS and HRV may increase the poten-
tial risk to cardiovascular disease and death
[5, 36, 37], the results of this study point out to
the limited effects of HT in POl women.

However, it is important to consider the fact
that the impairment in BRS and in HRV is asso-
ciated with both higher AP and severity of CVD
[5]. Thus, the identification of the mechanisms
underlying depressed BRS has important clini-
cal implications, as well as, the study of thera-
pies to improve this cardiovascular reflex. A
recent study has examined the changes of BRS
during the menstrual cycle and reported an
increase of BRS in phases of estrogen prepon-
derance, whereas progesterone seemed to
antagonize this effect [38]. Hunt et al. have
demonstrated that long term estrogen replace-
ment therapy in postmenopause women has
effects on cardiovascular regulation, as evi-
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denced by an increase in vascular sympathetic
baroreflex gain, that may not be reflected in
resting AP or in cardio-vagal baroreflex gain
[39]. We observed increased AP and reduced
tachycardiac response evoked by baroreflex in
female rats submitted to POI in the present
study, and these changes were not reverted by
HT. Importantly, the results of the present study
also showed that women with POl submitted to
HT presented higher AP, baroreflex dysfunction
and reduced total HRV in the supine position
and also after the a sympathetic activation
maneuver (standing) in relation to control
women. These data provide evidence in an
experimental model of POl and in women with
POI that long term HT cannot restore all cardio-
vascular risk factors associated with ovarian
hormones deprivation. In this sense, alterna-
tive therapies must be investigated.
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