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Abstract
Introduction: Menopause is an independent risk factor for cardiovascular
disease (CVD). Physical exercise and soybean diets have been suggested
to reduce the risk of CVD in postmenopausal women. The purpose of this
study was to investigate the effects of combined resistance and endurance
(RE) training and soy extract (SOY) supplementation, both known to improve
endothelial function, on expression of the eNOS gene in the heart of ovariectomized (OVX) rats.
Material and methods: Fifty female Wistar rats were divided into five
groups: 1) sham (SHAM); 2) ovariectomy (OVX); 3) ovariectomy with soy
extract supplementation (OVX + SOY); 4) OVX with RE training (OVX + RE);
5) and ovariectomy plus RE training with soy extract supplementation (OVX
+ RE + SOY). RE training and soy extract supplementation were administered
alone or in combination for 6 weeks. The effects of these treatments on
cardiac eNOS expression were measured using real-time PCR.
Results: Ovariectomy down-regulated cardiac eNOS gene expression; however, 6 weeks of SOY treatment or RE training reversed this effect (p ≤ 0.05).
The combination of SOY plus RE was greater than RE or SOY alone in reversing estrogen-deficiency-caused eNOS down-regulation (p ≤ 0.05).
Conclusions: Our data suggest that the combinatory regimen of soy extract
supplementation and regular RE training may be more beneficial to cardiovascular disease risk in a menopause rat model than either exercise or soy
supplementation alone.
Key words: exercise training, ovariectomy, phytoestrogen, eNOS, soy
extract.

Introduction
Endothelial-derived nitric oxide (NO), synthesized by endothelial NO
synthase (eNOS) from amino acid L-arginine and molecular oxygen, plays
a pivotal role in maintaining vascular homeostasis [1]. A decline of eNOS
activity and/or expression is associated with cardiovascular diseases
such as hypertension [2, 3], atherosclerosis [4], and stroke [5]. Cardiovascular disease (CVD) is more prevalent in women after menopause
[6], but develops in women on average 10 years later in life compared
with men. This lag has been attributed to the protective effects of female
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sex hormones, particularly estrogens [7], which
dip in the years after menopause. Accordingly,
vascular protective effects of estrogen by various
mechanisms have also been reported [8]. Observations of hormone replacement therapy (HRT) in
relation to incidence of CVD originally suggested
a reduced incidence of CVD [9], but the use of
HRT as secondary prevention for CVD is now not
recommended, because more recent studies have
shown that HRT could have significant side effects
in women [10]. Nevertheless, more experimental
work on the relationship between estrogen and
markers of CVD is warranted.
The biological activities [11–16] and beneficial effects of isoflavones in preventing various
chronic diseases including CVD have been documented [17, 18]. Soybeans are a common dietary
source of isoflavones, a class of phytoestrogens
[19], and the predominant soy isoflavones are
genistein, daidzein, and, in lower concentration,
glycitein [20]. Soy isoflavones have favorable effects on postmenopausal women with type 2 diabetes [21], and in non-ovariectomized rodents,
a genistein-containing diet for 1 month (600 mg
genistein/kg diet) induces beneficial effects on
cardiovascular risk factors and aortic reactivity
[22]. In humans, soy dietary foods can potentially reduce ischemic heart disease through multiple
mechanisms, including improvement of endothelial function [23].
Exercise and physical activity is well accepted
as a preventative method for many non-communicable diseases such as type 2 diabetes and
CVD. The role of physical activity becomes more
important through menopause because exercise
can counter the associated increased risk for CVD,
osteoporosis, musculoskeletal symptoms, depression, and obesity [24, 25].
Recent research indicates that a combinatory
regimen of isoflavone supplementation and exercise may be beneficial to menopausal women
through modulating the hepatic protein expression profile [26]. This study also indicated that
the combination of an isoflavone diet and exercise was more effective in reversing changes in
ovariectomy-induced hepatic protein expression
than either intervention alone. Furthermore, the
combination of exercise and a soy isoflavone diet
was shown to have beneficial effects in terms of
protecting against cardiovascular risk factors by
controlling lipid profiles and the related enzyme,
paraoxonase PON, as well as NO activity and
apoptosis of the aorta in OVX rats [27]. In contrast,
an animal study revealed that administration of
genistein, treadmill running, or the combination
of both, was not associated with any improvement in cardiovascular function and structure or
risk factors in an ovariectomy model of postmeno-

pause [28]. However, these studies do not focus
on vascular endothelial apoptosis and its related
factors induced by ovariectomy. Thus, we undertook to investigate the effects of combined resistance/endurance exercise (RE) and/or soybean
supplementation in a rat model of menopause
(ovariectomy). We hypothesized that soy isoflavone supplementation in combination with RE
training could modulate the menopause-induced
changes in eNOS expression in the heart of ovariectomized rats to a greater extent than either
soy extract supplementation or RE alone.

Material and methods
Animals
All procedures were approved by the Committee on Animal Experimentation and Ethics of
the University of Tehran (Process Number: 2017/
5200690, Date of Approval: February 1, 2017).
Fifty healthy female Wistar rats (body weight,
200 ±25 g) were provided from the Experimental
Animal Research Center, Faculty of Veterinary, Islamic Azad University, Tabriz, Iran. The experimental animals received humane care. The animals
were housed in an air-conditioned environment
(22 ±2°C), with a 12-h light/dark cycle (7:00–
19:00) and were allowed free access to standard
(basal) diet and water throughout the experiment.
After a 1-week acclimation period, the rats were
surgically ovariectomized (OVX) and continued to
receive a basal diet during the week following surgery and were randomly divided into five groups
(n = 10) as follows: 1) SHAM (rats were incised
and sutured without removal of the ovaries);
2) OVX (rats underwent removal of the bilateral
ovaries); 3) OVX + SOY (rats underwent OVX + soy
isoflavone supplementation); 4) OVX + RE (rats
underwent OVX + combined resistance/endurance
training); 5) OVX + SOY + RE (rats underwent OVX
+ soy isoflavone supplementation + combined resistance/endurance training).
After 2 weeks of recovery the animals in OVX +
SOY and OVX + SOY + RE groups received 60 mg/
kg of soy extract oral gavage daily for 6 weeks superimposed on their basal diet. The animal diets
were prepared using modified American Institute
of Nutrition (AIN)-76.

Exercise training protocol
The exercise training combined the two endurance and resistance models described below. The
exercise sessions were performed in a continuous
sequence (resistance and endurance training) for
6 weeks (five times per week).
During the first week, the animals in the OVX +
SOY + RE and OVX + RE groups were accustomed to
running on a motor-driven treadmill at 10 m/min,
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without an incline for 11 min/day for 5 days, as
described previously [29]. After this period, all rats
ran 5 days/week for 6 weeks. The running protocol was as follows: week 1 = 15 m/min for 25 min;
week 2 = 16 m/min for 32 min; week 3 = 17 m/
min for 39 min; week 4 = 18 m/min for 46 min;
week 5 = 53 m/min; and week 6 = 20 m/min for
60 min.
Resistance training was performed for 6 weeks
as previously described [30]. A ladder (110 cm
high, 18 cm wide, 2 cm space between steps) was
placed at an 80º inclination, and a resting chamber (20 × 20 × 20 cm) was placed on the top of
the ladder. The animals climbed the ladder carrying weights attached to the base of the tail, and
the weights were gradually increased with exercise progression. Familiarization of the animals
with the exercise apparatus was performed during
3 consecutive days with nine repetitions per day.
Training sessions consisted of one set of climbing, using progressive loads, interspaced with
90-second intervals. The animals had to perform
8–10 repetitions to go from the base to the top
of the ladder. The load was progressively increased
from 50% of the maximum load in the first series,
through 75%, 90% until 100% of the maximum
load in the fourth series. After that, resistance was
increased in increments of 30 g per attempt until
failure. Training was performed in the afternoon,
for five times a week, from Monday to Friday.

Ovariectomy surgery
For the ovariectomy, the animals were anesthetized with a solution of ketamine (100 mg/kg, ip)
and xylazine (10 mg/kg, ip). The ovariectomy was
preceded by a mid-line dorsal skin incision, and
each ovary and a part of the oviduct was removed.
After surgery, the muscles and the skin were sutured and the animals were kept warm. In the
SHAM group, the same surgical procedures were
performed as those for the OVX groups, but the
ovaries were not removed.

Soy extracts
Soy was procured from Tabriz City, Iran, and
was scientifically identified by the Department
of Botany of University of Tabriz, Iran, and the
voucher specimen of the soybean was deposited.
To prepare the hydroalcoholic extract, 50 g of the
crumbled, dried plant was extracted with 300 ml
of ethanol-water (70/30, v/v), using a rotary vacuum evaporator in order to reduce the dryness of
the extracts [31].

RNA isolation and cDNA synthesis
Rats were sacrificed and hearts excised at the
end of the six-week training period. As previously
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described [32], total RNA was extracted from the
left ventricle of the heart using the RNX-Plus solution kit (Geneall, Cinagen, RiboEX LS, Republic of
Korea, cat≠305-101) according to the manufacturer’s instructions. RNA quantity and A260/280
ratio were measured using NanoDrop 1000 (Thermo Scientific, Waltham, and Mass), and gel electrophoresis with GelRed (Biotium, Hayward, California) was used to evaluate the integrity of each
RNA sample. eNOS gene expression was quantitatively assessed by real-time polymerase chain
reaction. The following primer pairs were used:
5′-AAACTCTGCAGCCAGCTCTTG-3′ (sense) and
5′-GACCTCCCACTTTGCGTTTGA-3′ (antisense) for
rat eNOS. PCR was performed with 18S rRNA as an
internal standard [33]. The eNOS expression was
normalized to Gaph expression using the following
primer pairs: 5′-CAAGATCATCAGCAATGCCTCC-3′
(Sense) and 5′-GCCATCACGCCAGTTTCC-3′. For
synthesis of cDNA, 1 μl of total RNA (200 ng/μl)
was reverse transcribed by Revert Aid MMuLV
reverse transcriptase (1 μl), DNase I (1 μl)
and random hexamer primers (1 μl), dNTPS (2 μl),
and RiboLock RNase-inhibitor (0.25 μl), for 10 min
at 25°C, followed by 60 min at 42°C in a final
volume of 20 μl. The reaction was terminated by
heating at 70°C for 5 min.

Statistical analysis
Data were analyzed using the Shapiro-Wilk
test, which confirmed the Gaussian distribution
of the data, after which one-way ANOVA followed
by Tukey’s post-test was used to analyze the differences between the groups. The tests were performed using SPSS 17 software with an adopted
significance level of p < 0.05.

Results
Body weight and food intake
As shown in Table I, the OVX group had a significantly higher body weight after 6 weeks compared to the SHAM group (p ≤ 0.05). SOY and/or
exercise (RE + EN) treatment returned body weight
to baseline as there was no difference between
these groups and SHAM. There was a difference
in body weight between the OVX group and OVX
+ RE + E, OVX + SOY and OVX + RE + EN + SOY
groups. There were no significant differences in
daily food intake between the groups.

Effects of various treatments on eNOS
gene expression in the heart
As shown in Figure 1 the expression of eNOS in
the ventricle was significantly lower in OVX compared to SHAM (p ≤ 0.05). Treatment with either
SOY or RE (OVX + RE and OVX + SOY) resulted in
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Table I. Food intake and body weights of the rats during the study period
Groups

SHAM

OVX

OVX + SOY

OVX + RE + EN

OVX + SOY + RE + EN

10

10

10

10

10

BW final [g]

264.1 ±2.6

283.2 ±4.2*

265.4 ±5.3

263.7 ±3.5

264.2 ±4.2

Food intake
[g/day]

16.43 ±2.16

16.13 ±3.62

15.93 ±3.62

15.84 ±2.12

16.03 ±3.21

N

BW – body weight, OVX – ovariectomized group, OVX + RE – ovariectomized with 6-week RE training group, OVX + SOY – ovariectomized
with 6-week soy extract supplementation group, OVX + RE + SOY – ovariectomized with 6-week soy extract supplementation and RE
training group. Values are means ± SEM (n = 10). *P < 0.05 SHAM vs. other groups.

Discussion
Postmenopausal women frequently experience
body weight gain and become more vulnerable to
developing obesity-related diseases such as CVD,
hypertension and type 2 diabetes mellitus [6, 34].
However, other distinct effects of the low estrogen state associated with menopause may also
increase the risk of developing CVD and diabetes.
This study was designed to investigate the effects of exercise and soybean supplementation on
the menopause-induced reduction of a marker of
vascular function. We hypothesized that soy, in
combination with RE training, could reverse the
menopause-induced changes in eNOS expression
in the heart of ovariectomized rats to a greater extent than either soy or RE alone.
Firstly, the ovariectomy model proved successful in reducing eNOS expression, confirming a relationship between this menopause model and
vascular function, in rodents at least. Our data
confirm our hypothesis that soy isoflavone supplementation in combination with resistance-endurance training can reverse the ovariectomy-induced changes in eNOS expression in the heart
of ovariectomized rats. Greater eNOS activity in
cardiac muscle of rodents suggests improved vascular tone and has atheroprotective effects. Certainly, interventions associated with reduced risk
factors also show increased eNOS activity [35].
Our results thus further indicate that the combination of soy extract supplementation and regular resistance-endurance (RE) training has a greater cardiac protective effect than employing either
strategy alone.
In regard to human-based research, there is
evidence that soybean-based polyphenol supplementation can benefit lipid oxidation and subsequently endurance exercise performance [36, 37]
and, further, benefit CVD risk factors in menopausal women through modulating hepatic pro-
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significantly higher eNOS expression of the ventricle compared to the OVX group (p ≤ 0.05).
Combined treatment (OVX + SOY + RE) further increased eNOS expression compared to individual
treatments (p < 0.05).
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d
a

1.0
e

0.5

0
Sham
OVX
OVX + SOY OVX +
OVX +
				
EN + RE
EN + RE +
					
SOY
Groups

Figure 1. Level of eNOS expression in heart of OVX
rats in different treatment groups
OVX – ovariectomized group, OVX + RE – ovariectomized
with 6-week RE training group, OVX + SOY – ovariectomized
with 6-week soy extract supplementation group,
OVX + RE + SOY – ovariectomized with 6-week soy extract
supplementation and RE training group. eSignificant
difference compared with SHAM group (p ≤ 0.05),
d
significant difference compared with other groups
(p < 0.05), csignificant difference compared with other
groups (p ≤ 0.05), bsignificant difference compared with
other groups (p ≤ 0.05). Data are expressed as mean ± SEM.

tein expression profiles [26]. Exercise, of course, is
well known to improve cardiovascular disease risk
in humans and rodent models. Whilst this study
was performed in rodents only, and measured
only a marker of vascular function (eNOS expression), the data warrant the investigation of soy
and exercise prescription together as a prevention
strategy for the increased risk of CVD associated
with menopause in humans. That the effects of RE
training and soy were additive suggests, however,
that (soy) isoflavone and exercise interventions
together may be a more powerful strategy for
reducing post-menopausal CVD risk than either
exercise or diet alone. That exercise has considerable benefits for CVD prevention makes such an
intervention cost effective, and that soy is a simple and cheap food provides additional incentive
for this primary preventative combination. Future
research should attempt to identify whether our
observations on eNOS expression translate into
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measureable physiological effects on vascular
function, particularly in skeletal muscle.
In conclusion, the current study shows that
a combination of soy extract supplementation
and regular RE training has a greater beneficial effect on cardiac eNOS activity than either exercise
or soy alone. From this we can speculate that this
combined approach could produce a better cardiac
protective effect in a menopause rat model than
either exercise or soy supplementation alone.
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