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ABSTRACT: The present study designed to examine the effect a period of Exercise training in
morning and evening on Angiotensin converting enzyme in post-menopausal women with
hypertension. This study was Quasi-experimental study by using pretest – posttest model. The
subjects were hypertensive menopausal women, aged 45-55 years. We selected 21 women that
their hypertensive confirmed by physician. In this study blood samples were collected in two stages,
before start training and end of training in sixth week. Subjects were randomly assigned in 3 equal
group consist of: control group (n= 7), morning training group (n = 7) and evening training group (n =
7). Posttest, blood sampling was done 48 hours after last session training same the first condition
and finally the results of 3 groups compare together.After 6 weeks, Angiotensin converting enzyme
and levels significantly decreased in the morning and evening experimental group but no significant
reductions were found in control group. There is no significant difference within the effect of two time
of training (morning & evening) Angiotensin converting enzyme in hypertensive postmenopausal
women.Exercise training might be considered an effective non-pharmacological intervention for
attenuating or inhibiting hypertension and prevention of cardiovascular diseases by reduction of
Angiotensin converting enzyme in hypertensive postmenopausal women.
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INTRODUCTION
Hypertension in women is often undiagnosed or inadequately treated, especially after menopause
when cardiovascular risk increases. In premenopausal women, endogenous estrogens maintain vasodilation
and thus contribute to blood pressure control. Aging and the loss of endogenous estrogen production after
menopause are accompanied by increases in blood pressure, contributing to the high prevalence of
hypertension in older women. Currently, about 75% of postmenopausal women in the United States are
hypertensive (Barton and Meyer, 2009). The high prevalence of obesity, the lack of regular physical exercise,
and dietary salt are important factors contributing to and aggravating postmenopausal hypertension. In view of
the ongoing population aging throughout the world, diagnosis and treatment of hypertension in postmenopausal
women are important to reduce the excess burden of associated cardiovascular disease and to improve
outcomes of potentially fatal complications such as stroke and myocardial infarction.
More than 25% of the female adult world population ishypertensive (Kearney et al, 2005). Elevations in
blood pressure in women arerelated to cardiovascular risk (vasan et al., 2001) with theprevalence of
hypertension being particularly high amongwomen aged _60 years (Kearney et al, 2005). In the United States,
about 75% ofpostmenopausal women are hypertensive (Ong et al., 2007). Hypertension isoften accompanied
by other cardiovascular risk factors, egobesity, dyslipidemia, and diabetes mellitus (Chobanin et al., 2003). It is
noteworthythat the prevalence of hypertension-related cardiovascularcomplications is greater in
postmenopausal women than inage-matched men (Rosamond et al., 2007). Indeed, these complications
represent theleading cause of death in women (Rosamond et al., 2007).Clinical studies have documented
beneficial effects ofantihypertensive therapy on cardiovascular outcome (Chobanin et al., 2003) even inpatients
about 80 years of age (Becket at al., 2008). Overall recognition, control, andtreatment of hypertension in
postmenopausal women are stillpoor in primary care, and hypertension is often not beingtreated aggressively
enough (Ong et al., 2007).Thus, further improvementsof medical and public health measures, awareness
ofpatients and physicians, and improved information policiesare needed.Prior to menopause, blood pressure is
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lower in womencompared with age-matched men (Burt et al., 1995). During the menstrualcycle, blood pressure
levels are inversely related to circulatingestrogen concentrations and lower when 17-estradiollevels peak,
reflecting the vasodilator activity of endogenous17-estradiol (Dubey et al., 2002). Similarly, increases of
endogenousestrogen production during pregnancy contribute to maintenanceof normotension despite marked
increases in plasma volume and cardiac output (Dubey et al., 2002). The first decade after menopauseis
accompanied by an increase in blood pressure. In the seventh decade of life, theprevalence of hypertension
among women is even higher thanin men, regardless of ethnic background (Burt et al., 1995). Specifically,there
are pronounced increases in both systolic blood pressureand pulse pressure in postmenopausal women,
whereas diastolicblood pressure remains at a similar level compared with age-matched men (Burt et al., 1995).
Importantly, elevatedsystolic blood pressure is considered a more sensitive predictorof future cardiovascular
events than diastolic bloodpressure (Chobanin et al., 2003). The role of endogenous estrogens in the
pathogenesis ofhypertension is complex. Indeed, the effects of hormonalchanges after menopause are often
masked by the presence ofother cardiovascular risk factors, eg, vascular aging, arterialstiffening, obesity, agedependent changes in insulin sensitivity, and dyslipidemia (Mueck and Seeger, 2004). Cross-sectional studies
indicatethat menopause increases the risk of hypertension by 2-fold, even after adjusting for factors such as
age and body mass index (Amigoni et al., 2004). Both early onset of menopause and a longpostmenopausal
period are associated with higher bloodpressure levels. Moreover, hypoestrogenemic premenopausalwomen
diagnosed with the polycystic ovary syndromeand menstrual irregularities because of ovarian failure are data
higher risk of developing hypertension, coronary arterydisease, and adverse cardiovascular events and
experiencemenopause at an earlier age than healthy controls (Shaw et al., 2008). Interestingly,a recent report
indicates that physiological estradiol treatment in patients with premature ovarian failureresults in significant
reductions in blood pressure, whereas noeffects on blood pressure were observed using
syntheticethinylestradiol (Langrish et al., 2009). Consistent with the blood pressure–loweringeffect of
physiological estrogens in women with ovarianfailure, surgically induced menopause by bilateral
oophorectomyincreases blood pressure within a few weeks (Mercuro et al., 2004). Inconclusion, evidence
strongly supports the notion that endogenousestrogens contribute to a basal vasodilatory state.Therefore, the
loss of endogenous estrogens facilitates thedevelopment of hypertension in postmenopausal women
andincreases the cardiovascular risk associated with it.The renin-angiotensin-aldosterone system (RAAS) plays
a vital role in cardiovascular homeostasis, including blood pressure and mineral balance (Wolny et al., 1997). It
is also a well-known fact that excess activation of this system contributes to the elevation of blood pressure in
some situations. Activation of the RAAS results in increased production of angiotensin I (AI), which is converted
to angiotensin II (AII) by angiotensin-converting enzyme (ACE). AII is a potent vasoconstrictor and also
stimulates aldosterone secretion, which increases sodium and water retention (Erhardt, 2005). AII and
aldosterone are also implicated in other potentially deleterious effects on the cardiovascular system, including
endothelial damage, sympathetic activation, collagen formation and decreased nitric oxide production (Erhardt,
2005). Together, these effects put a strain on the heart, which can eventually lead to myocardial infarction or
heart failure. With the understanding that the RAAS plays a vital role in the regulation of blood pressure, two
drug classes, ACE inhibitors and angiotensin type I receptor blockers (ARBs), were developed to inhibit the
RAAS and thus provide a potentially beneficial therapeutic approach for the treatment of hypertension. In
addition, there is a growing body of evidence showing that aerobic exercise training (EXT) can reduce a
number of cardiovascular risk factors (Pereira et al., 2009; Berggren et al., 2008).Indeed, EXT has been
recognized as an important non-pharmacological strategy to prevent obesity and related disorders.
Furthermore, a recent study demonstrated that EXT induces effects on the RAS, such as decreased cardiac
ACE and AII and increased cardiac ACE2 and Ang 1–7 (Fernandes et al., 2011) in healthy rats. In addition,
Pereira et al (2009) using a genetic mouse model also showed a beneficial effect of aerobic exercise on cardiac
RAS components.In the present study, it was hypothesized that exercise training alters the ACE2 level in
untrained postmenopausal women.
MATERIAL AND METHODS
Twenty one sedentary, non-smoking women, diagnosed with hypertension by a physician (BP ≥ 140/90
mmHg) (Canadian Hypertension Education Program (CHEP), 2007), aged 45-65 years, were participate in this
study.Participants must have an office baseline blood pressure of at least 140 mm Hg systolic and/or a diastolic
blood pressure of at least 90 mm Hg. Patients must not have creatinine levels greater than 1.5 times the normal
level, thereby excluding patients with secondary hypertension due to renal failure. Participants who were taking
medications that affect blood pressure other than the study medications were excluded.The participants were
instructed not to change their physical activity routines or dietary patterns during the course of the study.
Women divided to three groups (n=7), control, morning and evening aerobic exercise protocol. The
experimental groups consisted of aerobic exercise morning and evening for 6 weeks of aerobic exercise, three
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times a week for 45 minutes at 50% of maximum heart rate. Before and after exercise training the serum ACE
activity was determined by spectrophotometric method.
The following statistical tests were applied: the Student’st-test for independent samples to compare
groups; repeatedmeasurest-test to compare pre- and post-training time pointsfor normally distributed
variables;Parametrically distributed variables were expressed as means ±standard deviations, and nonparametrically distributedvariables were expressed as medians and interquartile ranges.The statistical
significance level was set at p<0.05.All statistics were performed using SPSS statistical software (16 version.).
RESULTS
Subject characteristics showed in table 1.
The mean of ACE concentrations in postmenopausal women with blood pressure that participated in the
morning training, afternoon training and control are presented in Table2.
Table 1.Participants characteristics
Age ± SE (Yr.)
53.2 ± 4.66
54 ± 3.75
53.8 ± 3.87

Control
morning
evening

Weight ± SE(Kg)
73.44 ± 9.38
74.29 ± 9.1
68.11 ± 12.53

Height ± SE (cm)
157.56 ± 1.88
158.22 ± 7.51
156.22 ± 4.58

Table 2.Statistical description of the mean concentration of ACE (U/L) among the three groups
Control ± SE
78.57 ± 4.69
77.71 ± 3.95

ACE concentrate
Pre training
Post training

morning ± SE
79.43 ± 4.76
60.29 ± 3.73

evening ± SE
81.14 ± 4.1
61.71 ± 7.2

Results showed that the lowest and highest concentrations of ACE in morningtraining group are60.29
and 79.43 U/L in post and pre exercise, respectively. These results showed that ACE concentrations
significantly decreased after six weeks of training in the morning group.
Table 3.Compare of ACE level in morning grouppre and post training
ACE
Pre training
Post training

Mean
79.43
60.29

SD
4.76
3.73

df

t

sig

6

6.75

0.001*

*

shows significance differences

Results showed that the lowest and highest concentrations of ACE in evening traininggroup are 61.71
and 81.14 U/L in post and pre exercise, respectively. These results showed that ACE concentrations
significantly decreased after six weeks of training in the evening group.
Table 4.Compare of ACE level in evening group pre and post training
ACE
Pre training
Post training

Mean
81.14
61.71

SD
4.1
7.2

df

t

sig

6

8.82

0.000*

*

shows significance differences

Results showed that the lowest and highest concentrations of ACE in control group are 77.71 and
78.57 U/L in post and pre exercise, respectively; but ACE concentrations have not significance difference.
Table 5.Compare of ACE level in control group pre and post training
ACE
Pre training
Post training

Mean
78.57
77.71

SD
4.69
3.95

df

t

sig

6

0.779

0.466*

*

shows significance differences

DISCUSSION
Results showed that ACE concentration at the morning training group inpre and posttraining is different
and in pre was higher than post raining, which represents a decrease ACE levels after 6 weeks of aerobic
training; Statistical comparisons showed that ACE concentrations after a morning 6 week of aerobic training
have significant difference at the 95% confidence level. Result of evening training group was similar to morning
group and showed that ACE concentration reduce after exercise and have significance difference, while certain
changes in ACE concentrations of control group did not show significance difference at the pre and post
training. Results with expressed results by Pescatello et al (2007) opposite, that expressed ACE concentration
remains unchanged during aerobic exercise, the Miura et al results indicate ACE levelsunchanged after a
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period of intense training, but similar with the results of James et al (1986) that showed lower blood pressure
and ACE level after aerobic training.
Woods et al (2002) found that ACE level not has change after 20 minutes of exercise, but showed significant
increase after 40 min, as well as the results of Yau and colleagues (2011) showed that after 30 min of exercise,
ACE levels increased significantly prior to exercise. Although numerous studies have examined the role of ACE
in various age and sex groups that have hypertension, However, few studies have examined the impact of
physical activity on ACE and therefore we cannot be certain conclusive on the decrease, increase or remain
unchanged ACE level, But what the comes from the results of present study andother studies, ACE levels in
postmenopausal women with hypertension who participated in the morning and evening aerobic training,
showed a significant difference before and after exercise. Given the prominent role of ACE in hypertension and
cardiovascular problems,these enzymes control can help to improve the health of humans thatstricken high
blood pressure, so, exercise regularly and monitored by experts to be one of the best and cheapest ways to
prevent and treat hypertension.
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