
155

Original paper
DOI: https://doi.org/10.5114/pm.2018.81737

Menopause Rev 2018; 17(4): 155-160

Introduction

Premature menopause, including ovarian surgery, 
places women at higher all-cause risk. One of the most 
important causes of death in women who undergo bi-
lateral ovariectomy before reaching the normal age of 
menopause is cardiovascular disease (CVD) [1]. While it 
has been established that hormone replacement thera-
py (HRT) reduces the prevalence of CVD in menopausal 
women [2], owing to the protective effect of oestrogen on 
the heart and vasculature [3, 4], a number of studies have 
demonstrated that HRT has a number of potential side ef-
fects [5] that may predispose them to breast and ovarian 
cancers [6, 7]. Thus, more experimental work on the rela-
tionship between HRT and markers of CVD are warranted.
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Abstract

Introduction: Heart disease risk rises with age. However, women’s symptoms become more pronounced 
following the onset of menopause. The aim of the present study was to evaluate the effects of six weeks of 
combined resistance-endurance (RE) training on microRNA-29 expression in the heart of ovariectomised rats.

Material and methods: Thirty female Wistar rats were divided into three groups: 1) sham (SHAM); 2) ova-
riectomy (OVX); and 3) OVX with RE training (OVX + RE). The effects of these treatments on cardiac microRNA-29 
expression were measured using real-time PCR. Data were analysed using a 2 × 3 ANOVA and Tukey post-hoc 
comparisons and presented as mean ±SEM.

Results: Ovariectomy resulted in a significant down-regulation in the heart microRNA-29 gene expression 
of OVX (0.265 ±0.031 fold changes), OVX + RE (0.699 ±0.038 fold changes) in animals vs. sham animals (1 ±0 
fold changes; all, p < 0.05) following six weeks of treatment. However, microRNA-29 expression in the OVX + RE 
group was significantly greater than in the OVX group (p < 0.05).

Conclusions: Our findings suggest that the six weeks of regular RE training attenuate the reduction in heart 
muscle microRNA-29 expression observed in ovariectomised rates. If our findings carry over to humans, such an 
exercise regimen could be beneficial to the cardiovascular disease risk in women during menopause.
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It is well established that lack of exercise is one of the 
main causes of CVD [8]. Exercise training improves health 
and disease status [8] by increasing cardiovascular fitness 
(CF) and strength, which make it a potent preventative tool 
for the aforementioned conditions, and it has shown pos-
itive effects on several types of cancer, dementia, or even 
recovery after spinal cord injury [8-10]. Exercise might also 
play an important role through menopause by attenuating 
the associated increased risk for CVD, osteoporosis, mus-
culoskeletal symptoms, depression, and obesity [9, 11] by 
mimicking oestrogenic effects in early post-menopause 
[12, 13]. However, relevant studies do not focus on the 
molecular level, intracellular signalling pathway apoptosis, 
or mediating physiological adaptations induced by acute 
and chronic exercise training.
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Recently several microRNAs (miRNA) have been de-
scribed as playing an important role in CVD. miRNAs are 
small RNA sequences with the length of 20-24 nucleo-
tides, which are able to suppress protein expression [14] 
and are recognised as mediators of exercise adaptation 
cardiac remodelling [15], skeletal muscle [16], and angio-
genesis [17]. They are also involved in the prevention of 
atherosclerosis [18], and heart failure in ovariectomised 
rats [19]. However, little is known about exercise-induced 
modulation on miRNA biogenesis. Some studies have re-
vealed that changes in the transcriptome homeostasis are 
critically associated with different processes in the heart 
[20]. The benefits of the miR-29 family in the development 
of cardiac [21], liver [22], kidney [23], and pulmonary [24] 
fibrosis have also been studied in an experimental model. 
Moreover, it has been described that the exercise training 
modify the expression levels of the different members of 
the miR-29 family under pathological conditions in ex-
perimental animal models. To our knowledge, no clinical 
studies have examined the effects resistance-endurance 
exercise (RE) on the cardiac microRNA-29 expression after 
menopause. Admittedly, such a study could be tenuous in 
humans. Therefore, the current study endeavours to eluci-
date the expression of microRNA-29 following RE in rats. 
The primary outcome for our study was microRNA-29 ex-
pression in ovariectomised (OVX) rats. We hypothesised 
that OVX would reduce cardiac gene microRNA-29 expres-
sion in heart muscle and that an RE training intervention 
would attenuate this response in ovariectomised rats.

Material and methods

Animal model

We have presented a schematic of the experimental 
design of the study in Figure 1. Thirty healthy female 
Wistar rats (weight: 200 ±25 g; age: 30 weeks) were 
supplied by the Animal Research Centre, IAU, Tabriz 
Branch, Iran, and the University Ethics Committee ap-
proved all research procedures (2017/5200690). All an-
imals received ethical treatment according to scientific 
standards [25, 26]. All animals were housed on a 12 : 12  
hour dark–light cycle at 22 ±1°C and 55 ±3% relative 
humidity and had free access to a standard chow and 
water ad libitum. After a one-week acclimation period, 
the rats were surgically ovariectomised as described 
previously [25] and continued to receive a  basal diet 
during the week following surgery. Thereafter rats were 
randomly assigned to one of the following three treat-
ment groups (n = 10): 1)SHAM rats incised and sutured 
without removal of the ovaries; 2) OVX rats following bi-
lateral ovary removal; and 3) OVX + RE. Treatment start-
ed two weeks after surgery. The diets of all experimental 
animal were prepared according to modified American 
Institute of Nutrition (AIN)-76.

Exercise training

The exercise training combined the two endurance 
and resistance models as described previously [25]. 
Briefly, the exercise sessions were performed in a con-
tinuous sequence (RE training) for six weeks (five times 
per week). The first week of training was used as a run-in 
for OVX + RE rats on the treadmill only to habituate rats 
to exercising on a motor-driven treadmill at 10 m/min,  
without an incline, for 11 min/day for five days, as de-
scribed previously [25]. Following this period, all rats ran 
on the treadmill five days/week for six 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. Resis-
tance training was performed for six weeks as previously 
described [26]. A ladder (110 cm high, 18 cm wide, 2 cm 
space between steps) was placed at an 80° inclination, 
and a  resting chamber (20 cm × 20 cm × 20 cm) was 
placed at the top of the ladder. The rats climbed the lad-
der carrying resistance attached to the base of the tail, 
and the weights were gradually increased according to 
exercise training progression. Animals were familiarised 
with the resistance training apparatus by performing ex-
ercises during three consecutive days with nine repeti-
tions per day. Resistance training sessions consisted of 
one set of climbing, using progressive loads, interspaced 
with 90-second intervals. The rats 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% and 90%, 
up to 100% of the maximum load in the fourth series. Af-
ter that, the weight was increased in increments of 30 g 
per attempt until failure. Training was performed in the 
afternoon, five times a week, from Monday to Friday. 

Ovariectomy surgery

Ovariectomised animals were anaesthetised with 
a  solution of ketamine (100 mg/kg, i.p.) and xylazine 
(10 mg/kg, i.p.). Rats then received a  mid-line dorsal 
skin incision approximately 3 cm long, and each ovary 
and part of the oviduct was removed. Following surgery, 
the muscles and the skin of surgical site 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.

Molecular analysis

RNA isolation and cDNA synthesis

Rats were sacrificed 24 h after the last exercise 
training session, and hearts were excised at the end 
of the six-week exercise training period. The method 
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used for extraction of RNA and synthesis of cDNA was 
a  modification of the methods previously described 
[27]. The total RNA was extracted from the left ventricle 
of the heart using a TRIzol RNX-Plus solution kit (Fer-
mentase, Cinagen Co., Iran), according to the manufac-
turer’s instructions. The cDNA from an RNA template 
was synthesised using total RNA and miScript II RT Kit 
(ParsGenome Co., Iran), following the manufacturer’s 
instructions, and used as a  template in PCR reactions 
for PCR primer pairs (Table 1). Real-time PCR was per-
formed on a fast real-time PCR system (Fast Real Time 
PCR ABI 7500, Applied Biosystems, USA) using SYBR 
Green Kit (Exiqon, Qiagen, Denmark) and related sam-
ples. Hsa-RNU6B (U6) was used as an internal stan-
dard for miRNAs expression. Relative gene expression 
was performed by comparative cycle threshold (ΔΔC

T) 
method.

Statistical analysis

All statistical analyses were performed using SPSS 17 
software, and significance was established at p < 0.05. 
Changes in gene expression confirmed via real-time PCR 
and tests and treatment effects were analysed for signif-
icance using a two (time) by three (3) ANOVA and Tukey 
post-hoc assessment for between-group comparisons, 
as appropriate. Shapiro-Wilk tests were used to confirm 
the normal distribution of data. All data are presented 
as means ±SEM.

Table 1. Primer sequences for each of the genes in the studied 
groups

Primer of target Sequence (5’ to 3’)* Base (bp)

microRNA-29 
forward

TGACTGGAGCATTAACCCTTGCA 23

microRNA-29 
reverse

TGTCCCATAAACGGCTCTGA 20

U6 forward CAAGATCATCAGCAATGCCTCC 22

U6 reverse GCCATCACGCCAGTTTCC 18

*Sequences were derived from miRBase (www.mirbase.org)

Table 2. Food intake, and body and heart weight of the rats 
during the study period

Factor SHAM OVX OVX + RE training

n 10 10 10

BW final (g) 264.1 ±2.6 283.2 ±4.2* 263.7 ±3.5

HW (mg) 785.4 ±9.3 808.1 ±11.1* 821.3 ±10.6**

HW/BW (mg/g) 2.9 ±2.16 2.8 ±2.16 3.11 ±2.16**

Food intake
(g/day)

16.43 ±0.11 16.13 ±0.21 15.84 ±0.13

BW – body weight, HW – heart weight, HW/BW – heart to body weight ra-
tio, OVX – ovariectomised group, OVX + RE – ovariectomised with six-week 
RE training group; values are means ±SEM (n = 10), *p < 0.05 vs. SHAM.  
**p < 0.05 vs. SHAM & OVX.

SHAM – sham-operated, OVX – ovariectomised, OVX + RE – ovariectomised with 6-weeks resistance-endurance exercise training

Fig. 1. Experimental design of the study

Results

Overall, we observed significant time, treatment, 
and time-by-treatment effects for body weight (BW), 
heart weight (HW), and mRNA-29 gene expression (all, 
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Fig. 2. Level of microRNA-29 expression the hearts of the ova-
riectomised rats after treatment with resistance-endurance 
training

OVX – ovariectomised group, OVX + RE – ovariectomised with 6 weeks of 
resistance-endurance training group; *significant difference compare with 
SHAM group (p < 0.05), **significant difference compared with the SHAM 
and OVX groups (p < 0.05); data are expressed as mean ±SEM
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p < 0.05). Findings for BW, HW, HW/BW ratio, and food 
intake are shown in Table 2. Weight gain was signifi-
cantly greater in the OVX than the SHAM group six 
weeks after experiment (p < 0.05). Moreover, HW was 
significantly greater in the OVX + RE group than in the 
OVX and SHAM groups (p < 0.05). However, the HW/BW 
ratio increased more in OVX + RE than in the SHAM and 
OVX group (p < 0.05). There were no significant differ-
ences in daily food intake between the groups. Levels 
for the expression of the microRNA-29 are presented 
in Figure 2. Post-hoc analysis demonstrated that micro-
RNA-29 expression was significantly lower in the OVX 
and OVX + RE group vs. the SHAM group (p < 0.05); 
however, the OVX + RE group was significantly greater 
than the OVX group (p < 0.05). 

Discussion

The primary aim of our study was to examine the 
effects of combined endurance and resistance training 
on the microRNA-29 gene expression in ovariectomised 
rats. We hypothesised that this combination of exercise 
would attenuate the ameliorated cardiac gene expres-
sion pattern observed in ovariectomised rats following 
surgery. The results of our study demonstrated that 
while microRNA-29 gene expression was reduced in all 
ovariectomised rats, exercise training attenuated this 
reduction in rats receiving an exercise intervention to 
an extent that was significantly different from that seen 
in OVX only. Therefore, we accept our research hypothe-
sis. Our findings are of potential importance to women 
following menopause, which carries an increased risk 
of CVD [28, 29].

In this study, we used the ovariectomised rat as 
a model of natural menopause. There is evidence that 
physiological and metabolic changes by oestrogen de-

ficiency due to OVX are similar to those in postmeno-
pausal women [28]. The present study was designed 
to investigate the effects of RE training on the meno-
pause-induced reduction of cardiac gene expression in 
a postmenopausal animal model. In the present study, 
we observed increased body and heart weight in OVX 
compared with the sham rats. We also demonstrated 
a significant increase in heart weight and heart-weight 
to body-weight ratio in the RE training group compared 
to the OVX group. Our results, in line with previous 
studies [25, 27, 30], demonstrate that increased weight 
gain, heart weight, LDL levels, and decreased HDL level 
after ovariectomy are reversed by exercise training. 

Several studies have shown that microRNAs act in 
cardiac processes and play an important role in modu-
lating some cardiovascular conditions, such as hyper-
trophy, myocardial ischaemia, endothelial dysfunction, 
cell death, and fibrosis [31-34]. MicroRNAs are also in-
volved in the regulation of gene expression during heart 
functional alterations [33]. Interestingly, microRNA-29 
expression levels seem to change in menopause [35].

Data from the present study indicate that ovariecto-
my decreased cardiac microRNA-29 gene expression in 
comparison with the sham surgery rats. These findings 
are in agreement with previous studies showing that 
ovariectomy decreases cardiac expression of miRNA-29, 
which may be associated with anti-fibrosis, which may 
in turn be associated with IGF-1 gene expression [30]. 
Previous experimental studies have shown that remov-
al of oestrogen has a profound impact on myocardial 
gene expression, and oestrogen replacement can pro-
tect against negative changes associated with oestro-
gen removal [36]. Our finds are in line with these pub-
lications.

Further, after observing that OVX down-regulated 
expression of miRNA-29, we were interested in under-
standing whether cardiac miRNA-29 gene expression 
would be up-regulated with six weeks of regular RE 
training. Studies have shown that menopausal women 
have a  higher chance of apoptotic and fibrosis death 
of cardiomyocytes contribution from CVD than meno-
pausal women without CVD [37-39]. Generally, inves-
tigations have shown that OVX-associated increases 
in caspase 3, a key mediator of apoptotic and calpain, 
a calcium-dependent cysteine protease, suggesting an 
overall increase in the proapoptotic cardiac profile [35, 
40]. Thus, it is possible that OVX in postmenopausal 
women may augment and increase the risk of heart 
disease.

Animal models suggest that exercise training modi-
fies the expression levels of miR-29 under pathological 
conditions by influencing collagen pathways [41, 42]. 
To our knowledge, no study has been published so far 
uncovering the effects of RE training on the cardiac 
microRNA-29 expression in the heart of OVX rodents. 
Whilst our study was performed in rodents only, and 
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measured only a  marker of cardiac function (microR-
NA-29 expression), the data warrant the investigation 
of RE training prescription as a prevention strategy for 
the increased risk of CVD associated with menopause 
in woman. 

Taken together, our findings support the hypothesis 
that six weeks of RE training can reverse the ovariecto-
my-induced changes in microRNA-29 expression in the 
heart of ovariectomised rats. This result suggests that 
RE training increase microRNA-29 expression levels 
probably by increasing microRNA-29 target gene IGF-
1 and anti-fibrosis associate genes [30]. Studies have 
shown that decreased microRNA-29 gene expression 
levels are related to a decline in IGF-1 gene expression, 
which leads to cardiac disorder in OVX [30, 43].

MicroRNA-29, an anti-fibrosis cardiac gene, regu-
lates fibrosis signalling by increased IGF-1 formation 
and/or activation in both human [44 and animal [45] 
models. Habibi et al. [46] recently reported the up-
regulation of microRNA-29 with swimming training in 
OVX rats and suggested that swimming exercise train-
ing protectively regulates the heart against fibrosis by 
targeting the IGF-1 signalling pathway. These findings, 
combined with numerous reports on microRNA-29 gene 
as a fibrosis suppressor [15, 47], suggest that exercise 
training plays an important role in the development of 
cardiac fibrosis under pathological conditions. Never-
theless, the molecular and cellular adaptations in the 
cardiac microRNAs level are distinct according to the 
type of exercise in different animal models. 

Limitations

There are several limitations associated with our 
study. First, we utilised an exercise-training program 
that added a resistance/overload component to endur-
ance exercise. Hence, future trainings should examine 
the effects of our treatment using endurance- and re-
sistance-only training models. Second, it is clear from 
our experimental model that we are unable to gen-
eralise our results to humans and, more specifically, 
women. However, our results are important because 
women present with cardiac inflammatory biomarkers 
a decade after men, which has been attributed to the 
beneficial effect of the female ovarian sex hormones 
that are lost after menopause [30]. Furthermore, animal 
and observational studies in humans have shown bene-
fits of hormone replacement therapy when it is initiated 
early in the premenopausal [30] and postmenopausal 
period [25, 27]. Experimentally, ovariectomy reduc-
es plasma oestradiol levels [31] and HDL cholesterol, 
whilst body weight, total cholesterol, LDL cholester-
ol, and triglyceride levels all increase in women after 
menopause [31, 32].

Conclusions

In conclusion, a  regular RE training appears to be 
effective in inhibiting the development of cardiac risk 
factors associated with menopause. Future research 
should attempt to identify whether our observations 
on microRNA-29 expression translate into measurable 
physiological effects on vascular function, particularly 
in skeletal muscle. To our knowledge, this study is the 
first to assess the cardioprotective effect of six weeks 
of RE training on menopause-induced cardiac dysfunc-
tion in the heart of ovariectomised rats. These benefi-
cial effects may be caused by enhancement of the car-
diac function through inhibition of fibrosis by increased 
microRNA-29 expression.
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