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Abstract

Over the past few decades, there has been a surge of interest in the study of the effect of estrogen on the female
organism and the benefits of physical activities on different species of animals. The literature review provides a
review of the existing literature on the morphological and /or physiological effects of the estrogen deprivation
and/or the role of physical exercises on the arteries of different species of animals and humans. This review
includes last decade publications found in the PubMed database. One of the most relevant findings concerning
estrogen deprivation was the arterial complacency reduction due to the reduction of elastin, whereas physical
exercises have been widely indicated for the treatment of several cardiovascular disorders and for the hardening

of central arteries.
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1 Introduction

The effects of estrogen (MALINOW, 1960) and the
benefits of physical exercises to the arterial system of living
organisms (HICKAM and CARGILL, 1948) have been
investigated for over four decades.

It is well known that reducing the estrogen levels can
cause important morphofunctional changes increasing
the risk of diseases and contributing to life quality and
independence loss, besides being costly for the public
health system (EAKER, CHESEBRO and SACKS, 1993;
CASTILLO, ARIZNAVARRETA, LAHERA et al., 2005);
not to mention the increase in the incidence of atherosclerosis
(WENGER, O’ROURKE and MARCUS, 1988). These
morphofunctional changes are closely related to menopause
since the reduction of estrogen levels is inherent in the
menopausal phase (IDICULLA and GOLDBERG, 1987;
MISZXKO and CRESS, 2000).

Projections for the world population have indicated
an increase in the number of women in menopause from
467 million, in the 1990s, to 1.2 billion in 2030 (WORLD
HEALTH ORGANIZATION, 1996). Data from the
Brazilian Institute of Geography and Statistics (IBGE),
2008, revealed that in 2007 the female population aged over
45 years old was almost 27 million in Brazil (INSTITUTO
BRASILEIRO DE GEOGRAFIA E ESTATISTICA, 2008).
Demographic indicators of the Ministry of Health show that
the Brazilian female population aged over 45 years old has
been growing in the recent years. In the beginning of the
1990s, there were over 13 million, and in 2006 it reached
over 23 million (DATA SUS, 2008).
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The increase in life expectancy of women in developed
countries, which increased from over 50 years of age in
the beginning of the 20" century to 80 years of age in
the beginning of the 21* century, has contributed to the
increase raise in the amount of research of cases in which
there is reduction of estrogen levels in the female organism
since in such cases women spend approximately one third of
their life in the post-menopausal period (PAOLETTI and
WENGER, 2003; NORTH AMERICAN MENOPAUSE
SOCIETY, 2007). According to data on the world and
Brazilian population, the morphofunctional changes in the
cardiovascular system are those that cause more diseases in
women during the climacteric period (DATA SUS, 2008).

Consequently, several different resources have been
indicated for the prevention and treatment of cardiovascular
and metabolic disorders of the post-menopausal period
including hormone therapy, diet, and physical exercises
(TCHERNOF, CALLES-ESCANDON, SITES etal., 1998;
SIMON, 2006). Actually, the last ones have been indicated
for the non-pharmacological treatment of many disorders,
and their use has been recommended in public health services
(PATE, PRATT and BLAIR, 1995). Practiced regularly and
moderately, physical exercises, associated to lifestyle changes,
can have beneficial effects on the cardiovascular system of
individuals, including elderly, obese and sedentary people,
and women in the post-menopausal period (BEITZ and
DOREN, 2004; CARELS, DARBY, CACCIAPAGLIA
etal., 2004; RACKLEY, 2004).

39



40

Mariotti, VB., Maifrino, LBM. and Souza, RR.

Physical exercise can also have hormonal effects resulting
in protein and receptor changes (PATE, PRATT and BLAIR,
1995; COPELAND, CHU and TREMBLAY, 2004). It can
be a modulator in the event of arterial complacency reduction
and other physiological and physiopathological consequences
(SEALS, 2003). In addition, epidemiological studies have
supported the hypothesis that a sedentary lifestyle is related
to the development of more cardiovascular diseases for over
40 years (KANNEL, 1967; PAFFENBARGER, WING and
HYDE, 1978).

As with the national and international literature, it is
still difficult to find reviews that gather previous studies on
estrogen deprivation and the practice of physical exercises
based on morphofunctional aspects of the artery wall. The
purpose of this study was to gather relevant literature and
offer a tool to researchers interested in this field.

2 Material and methods

The DPubMed (www.pubmed.nl) and MEDLINE
databases were used to conduct the literature search using
keywords without time restrictions. In this systematization,
papers were searched using the following keywords: artery,
arterial wall, vessels, morphology, physiology, estrogen,
aerobic physical exercise.

3 Results

Estrogens are ovarian sex hormones responsible for cell
proliferation and the growth of the tissues of the sex organs
and other organs related to reproduction. They promote the
development of most female secondary sexual characteristics.
Beta-estradiol is the most important estrogen. Estrogens are
mainly synthetized from blood cholesterol, butalso, toalesser
extent, from acetyl-coenzyme A. They are excreted mostly
by the ovaries although a minimum amount is excreted by
the suprarenal glands (GUYTON and HALL, 1996).

The estrogen deprivation can be due to pathological
aspects that attack the ovaries such as tumors which can
result in ovariectomy before the fourth decade of a woman’s
life (BOZAS, DIMOPOULOS, KASTRITIS et al., 20006),
in adolescents before 15 years of age (ZUCKER, 1982),
in children (HOREJSI and ROB, 2003), and even during
menopause, a consequence of the natural process of
maturation and aging of the female organism. It is diagnosed
after 12 months of amenorrhea resulting from the definitive
cessation of ovary function that in general begins in the
fourth decade of a woman’s life and ends at menopause at
about 51 years of age (GREENDALE, LEE and ARRIOLA,
1999).

The climacteric, which culminates with menopause,
besides being a period of a substantial fall in the production
and release of estrogen, has been associated to the process
of aging favoring morpho-physiological changes and leads
to the development of disorders such as systemic arterial
hypertension(SAH),Hypercholesterolemia,diabetesmellitus,
obesity, and atherosclerosis (GIAMPAOLI, PANICO, MELI
et al.,, 2000; BITTNER, 2002, 2006; RACKLEY, 2004).
During menopause, there is a greater decline in the estrogen
levels than that observed in the androgens (testosterone, for
example).i.e., the ratio androgens/estrogens is increased.
This could cause cardiovascular diseases (CVDs) since high

levels of male and female sex hormones are associated to
dyslipidemia, diabetes mellitus, and SAH (HAFFNER,
NEWCOMB and MARCUS, 1995; PHILLIPS, JING and
LARAGH, 1997; OH, BARRETT-CONNOR, WEDICK
etal., 2002).

With regard to aging changes of the arterial wall, it is
known that there are extracellular matrix changes (ROBERT,
1996). Two factors are related to it: the progressive
deposition of lipids and calcium in the elastic fibers (JACOB,
2003) and the age-dependent factor that increases the
clastase activity (LABAT-ROBERT and ROBERT, 1988).
Concomitantly, both factors deprive the elastic tissue of its
flexibility and increase susceptibility to elastolytic enzymes
(LABAT-ROBERT and ROBERT, 1988). This explains the
predominance of collagen in the aged aorta, the increased
collagen/elastin ratio, and the progressive rigidity of the
vessels (ROBERT, 1996).

Such alterations can also dilate the artery walls and become
an aneurysm, for example, which can rupture causing death
(MORIGUCHLI, Y. and MORIGUCHI, EH., 1988). Any
anatomical disturbance that compromises the blood supply
to tissues due to obstruction of blood flow or hemorrhage
caused by aneurysm rupture can result in the necrosis of the
adjacent tissue (JUNQUEIRA and CARNEIRO, 2008).

With regard to CVDs, in 2005, the death rate due to
diseases in this group in women over 50 years of age was
722.58 (per 100,000 inhabitants); for women between
30 and 49 years old, this rate declined to 41.36 (DATA SUS,
2008).

That besides being a consequence of aging, SAH can
also be caused by the decline in estrogen levels during post-
menopause period is still debated (RAPPELLI, 2002). Some
studies show that the high prevalence of SAH is greater in
women in the climacteric period than those in the prior
period (STAESSEN, CELIS and FAGARD, 1998).

Menopause also contributes to atherosclerosis since
among its causes are the hormonal disturbances and
cholesterol metabolic changes that are common during the
post-menopause period (SILVA, BRUM, NEGRAO et al.,
1997). Atherosclerosis is characterized by the focal intima
thickening, by the proliferation of smooth muscular cells and
cellular and extracellular elements of the connective tissue,
and by the accumulation of cholesterol in smooth muscular
cells. It is believed that the uniform intimal thickening is a
phenomenon of normal aging.

An intima balance alteration (endothelium lesion, for
example) can lead to calcium and lipids deposit. It has already
been shown that a significant reduction in the estrogen levels,
especially the 17-beta-estradiol, causes important changes of
the lipid profile since it increases the low-density lipoprotein
(LDL), or aterogenic, and decreases the high-density
lipoprotein (HDL), called protection against atherosclerosis.
Smooth muscular cells that migrate from the media to the
intima also take part in this process. Despite the intima
thickening, the media thickening remains almost unaltered
(TAKANO and MINEO, 1990; PINOTTI, HALBE and
HEGG, 1995).

Although the exact mechanism by which estrogens
provide protection to the cardiovascular system is not yet
known, some studies suggest that they might have an effect
on apolipoproteins besides decreasing the total cholesterol
and LDL levels (SULLIVAN, 1996).
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During the reproductive age, women show lower
incidence of coronary diseases than do men at the same
age rate (WONG, S. and WONG, J., 1999). Estrogen
affect the receptors and arterial wall enzymes reducing the
blood pressure and improving blood flow, stimulate the
prostanoides (prostaciclins) that act as vasodilators and
antiplatelet agents, stimulate the vasodilator pepitide that
reduces stress, and is beneficial to the lipid metabolism
and phibrinolitic proteins (PINOTTI, HALBE and
HEGG, 1995; MENDELSOHN and KARAS, 1999). The
association of estrogens with progesterones can provide
an antiatherogenic benefit to the aorta besides the effects
exerted by steroids on preventing calcium accumulation in
the arterial wall (ALDRIGHI,1996).

Nevertheless, the experimental data on the effect of
estrogens on cardiovascular disorders are controversial
and have not been fully understood since the hormonal
reposition therapy, TRH, during the climacteric period has
been questioned in terms of risks and benefits; the latter are
inconsistent and inconclusive (CAULEY, CUMMINGS
and BLACK, 1990; STAMPFER and GOLDITZ, 1991;
MATTHEWS, KULLER,WINGetal.,1996; McKECHNIE,
RUBENFIRE and MOSCA, 2001; TATCHUM-TALON,
MARTEL and MARETTE, 2002; BUPHA-INTR and
WATTANAPERMPOOL, 2003; GROSS, RITZ, KORSCH
et al., 2005; MAAS, SHOUW, GROBBEE et al., 2004;
STICE, EISERICH and KNOWLTON, 2009).

Researchers have been investigating non-pharmacological
treatments to prevent CVDs in women in menopause.
Among them, is regular physical exercises practice (NAGPAL,
WALIA, LATA et al., 2007; PINES and BERRY, 2007).

The cardiovascular and metabolic risk in women
during the post-menopause period increases due to aging
or estrogen deprivation, but it is also a consequence of
the reduction of physical exercises and diet changes,
which cause total fat increase, atherogenic dyslipidemia,
reduction in glucose tolerance, insulin resistance, and
an increase in the procoagulant factors (BUPHA-INTR
and WATTANAPERMPOOL, 2003). Physical exercises
combined with an appropriate diet contributes to increase
the body mass index and energy consumption, decreases
the total body fat and visceral fat indexes, improves insulin
sensitivity, reduces hyperfibrinogenemia, and optimizes
the hemodynamic parameters (GASPARD, BUICU and
CREUTZ, 2001).

The effects of physical exercises on the human organism
are quite far-reaching. Some benefits are facilitating learning
new activities, improving cognitive functions, reducing the
likeability of diseases, and from the 20% century onward it
has increased women’s life expectancy to around 25 years
(IDICULLA and GOLDBERG, 1987). They provide
improvement in the health-related quality of life and physical
fitness, ameliorate some physiological changes associated to
aging, prevent chronic diseases, reduce bone loss, typical
of the post-menopause period, and promote functional
independence (MISZKO and CRESS, 2000).

Physical exercises practice has been widely reported in
the literature due to its benefits to the cardiovascular system.
According to a 20-year study on middle-aged women by
Owens, Matthews, Raikkonen et al. (2003), it is never late
to reduce the cardiovascular risk by increasing the level of
physical activities. Usual physical activities (exercises during
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regular activities such as transportation, work, home, and
recreation), contribute to low risk of CVDs in women
(SILVA, COSTA-PAIVA, PINTO NETO et al., 20006),
prevent coronary artery diseases in women (MANSON,
1999; DUVERNOY, MARTIN, BRIESMIESTER et al.,
2000), and are associated to low death rates in middle-aged
women (DAM, LI, SPTEGELMAN ect al., 2008).

In 2002, the Women’s Health Initiative Observational
Study investigated 74,000 women in menopause, aged
between 50 and 79 years old. The study demonstrated that
high levels of physical activity showed reverse reaction, either
gradual or intense, with risk of coronary and cardiovascular
diseases (MANSON, 2002).

Acrobic physical exercises in elderly men have a favorable
role if practiced regularly over decades resulting in minimum
loss of oxygen without the increase of blood pressure at rest
or body composition (KASCH, BOYER, SCHMIDT et al.,
1999). In sedentary young men, alternate day low intensity
physical exercises practiced for 60 minutes in fitness bicycles,
at 70% of maximum oxygen consumption, can improve
aortic distensibility, but the effects can be lost without the
exercises (KAKIYAMA, SUGAWARA, MURAKAMI et al.,
2005).

The benefits of acrobic physical exercises to the healthy
cardiovascular system have been widely discussed and can be
characterized as acute or chronic. During physical exercises,
the muscles need increased blood flow to provide them with
oxygen. Part of this oxygen is supplied by local vasodilatation
of muscle vasculature, which is produced by the increase in
the metabolism of muscular cells. On the other hand, the
bulb activation and the sympathetic nervous system response
increase the cardiac debt and increase the arterial pressure.
During vigorous exercises this increase can reach 30 to 40%,
which increases the blood pressure two times or more and
stretches the vessels. Initially, the vessel is subject to a higher
pressure, but complacency enables the muscular fibers to
stretch, and the vessel resistance decreases (SILVERTHORN,
2003; BRUM, FORJAZ, TINUCCI et al., 2004).

The systolic volume increases, and consequently, the
amount of blood to be accommodated in the arterial tree
with each heartbeat will be larger. The increase in the arterial
pressure results in the reticular activation of the cerebral
trunk including increased stimulation of the vasoconstrictor
and cardio-accelerator areas of the vasomotor center
(SILVERTHORN, 2003).

Skeletal muscle contractions during physical exercises
compress the blood vessels all over the body transferring high
amounts of blood from the peripheral vessels to the heart and
lungs resulting in a five to six times increase in the cardiac
debt. The cardiac debt, in turn, increases the systolic arterial
pressure and is responsible for the maintenance or reduction
of the diastolic arterial pressure (FORJAZ, MATSUDAIRA,
RODRIGUES et al., 1998 ), which increases the strength
that tends to push the blood across the vascular bed
stretching the vessels. Consequently, the peripheral vascular
resistance decreases, and the increase in the cardiac debt
maintains the arterial pressure high. This suggests that the
normal baroreceptor that controls arterial pressure does not
work during physical exercises, but it fits to avoid a decrease
in the arterial pressure keeping an adequate blood flow to
remove the muscle metabolites or to maintain the muscle
under aerobic metabolism (SILVERTHORN,; 2003).
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Nonetheless, according to (BRUM, SILVA, MOREIRA
et al., 2000), physical exercises increase the baroreceptor
sensitivity in normotensive individuals, which can lead to a
more efficient result in the arterial pressure by the baroreflex,
or baroreceptor reflex.

In order to avoid excessive filling of the vessels, which is
potentially dangerous due to the excessive stretching of the
muscle fibers, the sympathetic nervous system maintains the
cardiac frequency and the heart contraction force increased,
in order for the heart to eject more blood per heartbeat
(SILVERTHORN, 2003). Immediately after physical
exercises, there is a decrease in the arterial pressure during
the recovery period, and thus the pressure values are smaller
than those observed before the exercises, and they last for
24 hours after the end of the exercises.

The effect of the aerobic physical exercises in the long
run involves the well-known hypotension action both in
animals and in humans (BRUM, SILVA, MOREIRA et al.,
2000; KOKKINOS, NARAYAN and PAPADEMETRIOU,
2001). However, the mechanisms that explain such event
are considered controversial. Aerobic exercises stimulates the
hypothalamic-pituitary axis that controls the release of several
neuroendocrine  hormones (LEAL-CERRO, GIPPINI,
AMAYA et al, 2003) and acetylcholine (DORNYEI,
MONOS, KALEY et al., 2000) reducing the level of
adrenergic hormones and causing the unbalance between
the adrenergic and parasympathetic systems predominating
the vagal action (KENNEY, 1985). As a response, there is a
rest Bradycardia and lesser tachycardic response during the
exercises (BRUM, FORJAZ, TINUCCI et al., 2004).

Physical exercises increase the blood flow in the coronary
arteries by inducing their vasodilatation. Such vascular
response is greatly dependent on the integrity of the
endothelium since the endothelium modulation effect is
controlled by the release of endothelium-derived relaxing
factors (EDRFs) (SESSA, 1994). Physical exercises increase
the bio-availability of the Nitric oxide (NO), an EDRE,
which improves the endothelial function in patients with
cardiovascular disorders (GRAHAM and RUSH, 2004;
SUVORAVA, LAUER and KOJDA, 2004) since physical
exercises regulate and induce the genetic expression of the
synthesis of NO (YEN, CHEN and WU, 1995) with a
consequent reduction in the peripheral resistance (SHEN,
ZHANG, ZHAO et al., 1995). Once formed, the NO
migrates quickly to the adjacent smooth muscle cells, and,
after several biochemical reactions, the vascular smooth
muscle relaxes due to the desphosphorylation of myosin light
chains. These events reduce the influx of the calcium ion
through the sarcolemma and the release of its intracellular
deposits. This results in a decrease in the concentration of
cytosolic free calcium ion. The NO can also open potassium
channels promoting hyperpolarization in the smooth muscle
cell thus helping to reestablish the cell’s resting potential with
a consequent vascular relaxation (OHESEN, CLAPHAM
and DAVIES, 1988; MARTINEZ, 2005).

Therefore, physical exercises reduce the risk of CVDs
through the same mechanisms used by the estrogens: change
in the concentrations of lipoproteins in the blood plasma
and the reduction in the blood pressure and increase in the
endothelium-dependent vasodilatation due to an increase in
the synthesis and EDRFs release (WONG, S. and WONG, J.,
1999). The several different molecular changes, particularly

NO endothelium changes, can contribute, at least in part, to
the benefits provided by physical exercises to maintain the
aortic elasticity (MAEDA, IEMITSU, MIYAUCHI et al.,
2005).

On the other hand, physical inactivity causes endothelial
dysfunction in young and healthy rats, but it is completely
reversible by moderate physical exercises in a short period of
time (SUVORAVA, LAUER and KOJDA, 2004).

Central arteries such as aortic and carotid arteries have
good distensibilty absorbing impacts during pressure
variations (NICHOLS and O’ROURKE!, 1998 apud
HAYASHI, SUGAWARA, KOMINE et al., 2005). Moderate
physical exercises can reduce the rigidity of these vessels of
healthy, sedentary individuals (TANAKA, DE SOUZA and
SEALS, 1998; TANAKA, DINENNO, MONAHAN et al.,
2000). Through aortic pulse wave velocity measurements,
it was possible to evaluate the arterial complacency and the
diameter of the lumen of central vessels during diastole.

After the practice of regular moderate aerobic physical
exercises, there was reduction in the resistance of those vessels
in healthy middle-aged men although the physiological
mechanism that explains the relationship between aerobic
physical exercises and the reduction in the arterial resistance
is not clear (HAYASHI, SUGAWARA, KOMINE et al.,
2005). An increase in the diameter of the lumen of central
and peripheral arteries was observed after three months of
acrobic physical exercises practice, which can be related to the
structural remodeling tor to the reduction in the vascular tonus
of the smooth muscular cells contributing to the reduction
of peripheral arterial resistance (DINENNO, TANAKA,
MONAHAN et al., 2001). In addition, it can suggest that
cyclic physical exercises can, even acutely, reduce the central
and peripheral arterial resistance (KINGWELL, BERRY,
CAMERON et al., 1997).

Through a simultaneous evaluation by ultrasound
and applanation tonometry of the common and femoral
carotid arteries of oarsmen and control individuals of both
sexes and aged between 41 and 59, it was observed grater
arterial complacency in the oarsmen than in the control
individuals. The femoral artery, on the other hand, did not
present differences in the level of rigidity. The increase in the
carotid complacency in the oarsmen is associated to higher
cardiovagal baroreflex sensitivity as it occurs in the Valsalva
maneuver. It can be said that in middle-aged oarsmen the
regular practice of resistant activity is associated to effects
that favor the elastic properties of central arteries, which can
null the rigidity that the strength exercise can cause to the
arteries (COOK, DEVAN, SCHLEIFER et al., 2006). Using
the same evaluation methods, Sugawara, Otsuki, Tanabe et al.
(2000) selected 103 women aged between 47 and 82 years
old, who were subject to light, moderate, and vigorous
aerobic exercises. The results show that the rigidity index of
the carotid artery decreased after the exercises.

Nevertheless, it is known that resistance training is
associated to the reduction of elastic properties of central
arteries. It is not known, however, whether this resistance
occurs as a consequence of the resistance resulting from
physical exercises, or it is an adaptation to the increasing

I NICHOLS, W. and O’ROURKE, M. McDonald’s Blood Flow in
Avrteries: Theoretical, Experimental and Clinical Principles, Aenord,
London: [s.n.] 1998.
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resistance training. In a study consisting of two groups
individuals of both sexes and aged 27 years old, in which
one group was trained and the other was the control, no
differences were found in terms of hemodynamic changes,
but the complacency of the carotid, evaluated simultancously
by ultra-sound and applanation tonometry, decreased
after the resistance training for a period of 30 minutes and
recovered to the basal levels after 60 minutes. However, this
study was not clear in terms of what happens to the arterial
complacency after this period of time (ALLISON, ANTON,
COOK et al., 2005).

Changes in lifestyle, particularly in terms of aerobic
exercises and diet with sodium restriction, seem to be
clinically efficient interventions to prevent and treat arterial
rigidity (TANAKA and SAFAR, 2005). Some studies
demonstrate that individuals with high level of physical
exercises practice present reduction in the arterial rigidity if
compared to those who are sedentary (FERREIRA, TWISK,
MECHELEN et al.,, 2002; BOREHAM, FERREIRA,
TWISK et al., 2004). Nonetheless, in cases with isolated
SAH, the arterial rigidity can be reversible, and in those
cases, the practice of physical exercises will not be efficient
(TANAKA; SAFAR, 2005).

Hence, physical activities should start earlier as prevention
and not as a treatment (FERREIRA, BOREHAM and
STEHOUWERB, 2006). Sugawara, Otsuki, Tanabe et al.
(2006) highlight the benefits of physical exercises to improve
arterial rigidity in women in post-menopause associating this
exercise practice to a 12-week aerobic exercise program.
The authors concluded that both moderate and vigorous
exercises can reduce arterial hardening.

It is known that the physical exercises practice improve
some factors such as body fat rate, resistance to insulin,
and arterial pressure, which are related to the increase in
arterial rigidity (STEHOUWER and FERREIRA, 2006).
In addition, it is also known that physical exercises have a
profound impact on the endothelium function, inflammation,
and sympathetic activities. It has also been demonstrated
that these factors are associated to arterial rigidity (TANAKA
and SAFAR, 2005). However, the mechanisms by which the
exercises affect the properties of the vessels in humans, have
not been widely studied (STEHOUWER and FERREIRA,
2000).

Our research group investigated the morfoquantitative
characteristics of the extracellular matrix of the tunica media
of the ascending aorta of female Rattus norvegicus of Wistar
strain subject to acrobic physical exercises and to ovariectomy.
The morfoquantitative analysis indicated that this kind of
exercises, even if the practice starts during the adult age, can
be a way to minimize the loss of arterial elasticity in cases of
estrogen deprivation (MARIOTTTI, 2009).

4 Conclusion

From the data described carlier, it can be said that the
reduction in the estrogen levels results in arterial hardening
due to the marked reduction of elastin in the vessel walls.
On the other hand, the vasodilatation produced by the
nitric oxide during aerobic physical exercises favors the
arterial distensibility contributing to the reduction of arterial

rigidity.
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