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Objective(s): The aim of the present study was to investigate the effects of genistein and exercise on the 
spatial memory and expression of microRNA-132, BDNF, and IGF-1 in the hippocampus of 
ovariectomized rats. 
Materials and Methods: Sixty animals were divided into six groups of control, sham, ovariectomy 
(OVX), ovariectomized with 8 weeks of genistein administration (OVX.G), with 8 weeks of swimming 
training (OVX.E), and with 8 weeks of both of them (OVX.G.E). The effect of genistein and/or exercise 
was evaluated by measuring microRNA-132, BDNF, and IGF-1 expression levels in the hippocampus 
tissue. Grafts were analyzed using Real-time polymerase chain reaction for microRNA-132, BDNF, IGF-
1, and spatial memory via a Morris water maze (MWM). 
 Results: Our findings showed that ovariectomy decreased the expression of microRNA-132, BDNF, and 
IGF-1 in the hippocampus (P<0.05) in comparison with the sham group as well as performance in the 
water maze (P<0.05). Also according to results ovariectomized groups that were treated with 
genistein/exercise or both of them showed significant difference in expression of microRNA-132, 
BDNF, and IGF-1 in the hippocampus (P<0.05) and decreased latency in MWM (P<0.05) compared with 
the OVX group but combination treatment was more effective in the OVX.G.E group in comparison with 
OVX.E and OVX.G groups.   
Conclusion: Overall our results emphasized that combination treatment with genistein and exercise 
could improve microRNA-132, BDNF, and IGF-1 expression in the hippocampus as well as the spatial 
memory of ovariectomized rats. These effects may have beneficial impacts on the menopausal period. 
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Introduction 
 Extensive research has indicated that cognitive 

disturbances are prevalent among menopausal 
women suggesting that low estrogen levels may have 
a close association with these disturbances (1). 
There is evidence that most of the women who have 
had bilateral oophorectomy before the natural age of 
menopause are faced with neurological diseases (2). 
In this regard, it has been shown that estrogen could 
have neuroprotective effects in experimental models 
of neurodegenerative diseases such as Alzheimer’s 
disease and Parkinson’s (3). Moreover, in rodents, 
non-human primates, and humans, estrogen can 
improve cognitive activities (4). According to 
evidence, brain-derived neurotrophic factor (BDNF) 
has a significant impact on synaptic plasticity, neural 
distinction, cell death, learning, and memory (5). One 
could argue that estrogen has an interfering effect on 
BDNF and regulates the activity of the neurotrophin 

 

system (6). However, studies have revealed that        
the expression of BDNF in ovariectomized animals 
decreases; therefore, more estrogen should exist             
to enhance its expression. High concentration of 
BDNF is present in the cerebral cortex and hippo-
campus (7). It is also well established that an altered 
expression of BDNF  is related to psychiatric disor-
ders, and synaptic plasticity (8). Also in the recent 
years, it is suggested that growth hormone (GH) and 
its mediator insulin-like growth factor 1 (IGF-1) 
could have effects on the central nervous system 
(CNS). In line with this evidence, it has been reported 
that  GH and IGF-1 could improve spatial memory 
(9). Other studies in this context showed that lack of 
IGF-1 is a causative factor in the cognitive impair-
ment of adults and the elderly as well as rodent 
models of aging (10). Numerous studies have demons-
trated that the hippocampal BDNF is increased by 
estrogen substitution in ovariectomized rats. So, in 
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order to change the expression of numerous neuro-
protective growth factors and growth factor receptor 
genes, estradiol has been used. Furthermore, IGF-1 
binding in rat brain and IGF-1 mRNA levels in a 
hippocampal cell line and primate frontal cortex can 
be increased by estradiol (3). 

On the other hand, microRNAs are non-coding RNAs 
which function as post-transcriptional regulators of 
gene expression. It has been established that microRNA-
132, one of the most expressed microRNAs in the brain, 
influences numerous neuronal functions, including 
dendritic growth and spinogenesis in cultured neurons 
in the brain slices, along with the learning behavior of 
animals. Memory acquisition of trace fear conditioning 
can be impaired by decreasing the level of hippocampal 
microRNA-132 expression (11). Studies have revealed 
that the expression of microRNA-132 can be caused by 
neurotrophins, including BDNF, which shows the 
enhancement mechanism of the expression of protein 
after neurotrophic stimulation (12). It is argued that 
estradiol replacement is more effective in keeping the 
expression of microRNAs in the hippocampus and 
cortex (13). Cognitive disturbances in postmenopausal 
women are a criticality index for hormone therapy. 
Moreover, in spite of the helpful influences of estrogen 
on the brain functions, hormone replacement therapy 
has augmented adverse oncological effects. Many 
investigations have been performed to find a natural 
substitute for estrogen without any side effects. One           
of the strongest non-pharmacological interventions               
is exercise, which is argued to improve cognitive 
functions in menopausal women (8). In fact, studies 
have revealed that expression of some of the 
neurotransmitters and neurotrophins have been 
changed by exercise (14). Also, positive influences of 
aerobic exercises on learning and memory have been 
observed in numerous studies (15). 

Genistein as a phytoestrogen has a similar 
structure to 17β –estradiol and is usually applied as 
the main phytoestrogen agent because of its strong 
antioxidant features and high affinity to the 
receptors of estrogen (16). Nevertheless, the effect of 
exercise and genistein alone or their combination on 
the expression of microRNA-132, BDNF, and IGF in 
OVX animals has not been studied yet. Thus, in this 
study, we examined the effects of genistein and 
swimming exercise on spatial memory and the 
expression of microRNA-132, BDNF, and IGF-1 genes 
and histological changes in the hippocampus of OVX 
rats. 

 

Materials and Methods 
Animal care 

In the present study, 60 female Wistar rats 
(weighing 180–220 g and approximately 10 weeks 
old) from Experimental Animal Research Center, 
Tabriz University of Medical Sciences, Tabriz, Iran, 
were used. All rats were kept under controlled 
conditions (temperature 22–24 °C with 12:12 hr light-

dark cycle) and received standard chow diet and water 
ad libitum during the experiments. The study was in 
line with the policies of the university’s ethics 
committee. After 1 week of adaptation, the rats were 
randomly divided into six groups (n=10): 1. Control,              
2. Sham (which underwent only surgery without 
ovariectomy), 3. OVX (bilateral ovariectomy), 4. OVX.E 
(OVX+exercise), 5. OVX.G (OVX+genistein administra-
tion), and 6. OVX.G.E (OVX + genistein administration+ 
exercise). Animals in OVX, OVX.G, OVX.E, and OVX.G.E 
groups underwent bilateral ovariectomy. Genistein and 
exercise interventions were applied 10 days after OVX 
operation. 

 
Ovariectomy 

The animals were anesthetized (50 mg/kg 
ketamine and 10 mg/kg xylazine) and a minor 
abdominal operation was done. Then, the ovaries 
were situated and a silk thread was tightly tied 
around the oviduct, including the ovarian blood 
vessels. The oviduct was sectioned and the ovary was 
detached. The skin and muscle walls were then 
sutured by a silk thread (17). 
 
Exercise training protocol 

The animals were familiarized with the swimming 
pool (5–20 min/day) for 5 successive days; subse-
quently, the exercised animals swam for 6 successive 
days (60 min/day) for 8 weeks. Swimming was not 
performed by the control group rats. All experiments 
were carried out 24 hr after the last exercise session. 
This procedure had been followed in the past and was 
effective in promoting cardiovascular adaptation (18). 
 
Genistein administration protocol 

Genistein (1 mg/kg/day; SC.) [(Sigma Chemical 
Corporation (St. Louis, MO, USA)] was injected into 
the animals.  

 
Morris Water Maze 

One day after the last genistein and exercise 
treatment, MWM test was performed for assessment of 
spatial memory. A black circular water pool with a 
diameter of 136 cm and a depth of 60 cm was filled 
with 22±1 °C water and placed in a room with many 
visual signs on the walls. The pool was conceptually 
divided into four equal quadrants and had four points 
designed as starting positions (N, S, W, or E). The 
behavior of rats was tracked with a camera that was 
located above the pool and all data was transferred to 
the computer. Previous to assessing animals in the 
MWM, rats were allowed to swim in the water for 1 
min, in order to familiarize them with the task and its 
environment. One day after the familiarization session, 
rats were tested in the MWM task.  
 
Visible platform task 

Rats were submitted to a visible platform task to 
test vision and ability of swimming. Animals were 
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trained to escape to a visible platform, which was 
transferred to a different maze quadrant on trials. 
Each rat was provided four trials in which a period of 
60 sec was allowed to search the platform. 
 
Hidden platform task 

Rats were trained on the hidden platform task to 
evaluate spatial acquisition. A black escape platform 
with 10 cm diameter was submerged about 2 cm 
below the surface of the water in one quadrant area 
in the pool and remained in the same location for all 
trials. All rats received three training blocks, each 
consisting of four trials. Each block considered as a 
separate experiment session and the blocks of trials 
were separated by 30 min. All training was finished 
in one day and took place during the light cycle. In 
each trial, the rats were allowed to swim up to 60 sec 
to find the escape platform. Once on the platform, the 
rats remained there for 15 sec before initiation of the 
next trial. Rats were removed from the pool and 
located under a heat lamp after completion of the 
fourth trial of the block. Path length (the distance 
traveled to arrive at the platform), escape latency 
(the time to discover the platform), and speed of 
swimming were recorded and analyzed.  
 
Probe trial 

Spatial memory retention was assessed in a 
probe trial that was accomplished 24 hr after the last 
acquisition trial. After removing the platform, rats 
were left to swim in the pool about 60 sec. The 
distance traveled and time spent percentage in each 
quadrant was recorded (20). 
 
Molecular analysis 
RNA isolation and the cDNA synthesis 

Rats were sacrificed and their hippocampus was 
separated at the end of 8 weeks. Total RNA including 
messenger RNA (mRNA) and microRNA were 
extracted from the hippocampus using the RNX-Plus 
solution kit (Fermentase, Cinagen Co. Iran) and mir-
amp kit (Parsgenome Co. Iran), respectively in 
accordance with the manufacturer's instructions 
(using chloroform layer separation followed by 
treatment with isopropanol and ethanol). RNA 
quantity and A260/280 ratio were measured using 
the NanoDrop 1000 (Thermo Scientific, Waltham, 
and Mass) and gel electrophoresis with GelRed 
(Biotium, Hayward, California) was used to evaluate 
the integrity of the samples. The IGF-1, BDNF, and 
miRNA-132 genes expression were quantitatively 
assessed by real-time polymerase chain reaction. 
Primers' sequences for each gene were mentioned in 
Table 1. The amounts of PCR products were 
normalized to that for the housekeeping gene -3-
phosphate dehydrogenase (GAPDH) mRNA samples 
and microRNA-191 for microRNA samples (internal 
control).  

For synthesis of cDNA in the mRNA sample, 1 μl of 
total RNA was reverse transcribed by means of 
Revert Aid M-MuLV 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. In addition, 
cDNA in microRNA-RNA sample performance was 
synthesized according to the microRNA-amp kit 
(Parsgenome Co. Iran). 
 
Real-time quantitative PCR 

A master mix of 25 μl containing 12.5 μl SYBR 
Green PCR Master Mix (Jena Bioscience, Germany), 1 
μl forward primer, 1 μl reverse primer, and 8.5 μl 
water was prepared to carry out real-time PCR. Two 
microliters of reverse transcribed cDNA were then 
added to the PCR master mix to achieve a final 
volume of 25 μl. Furthermore, to check the accuracy 
of amplifications, we included a negative control in 
each run by eliminating the cDNA sample in the tube. 

 The PCR protocol was used on the real-time PCR 
machine (Rotor-Gene 3000) in three steps including: 
1- initial denaturation (10 min at 95 °C); 2- a three-
step amplification program (15 sec at 95 °C followed 
by 30 sec at 60 °C for BDNF and microRNA-132 and 
IGF-1 genes and 30 sec at 58°C for Bcl-2 gene, and 30 
sec at 72 °C) repeated 40 times; and step 3-melting 
curve analysis (1 cycle: 72 to 95 °C with temperature 
transition rate 1 °C/sec for 5 sec). All runs were 
performed in duplicates. Real-time quantification was 
monitored by measuring the increase in fluorescence 
caused by binding of the SYBR Green dye to double-
stranded DNA at the end of each amplification cycle. 
The relative amount of mRNA for each target gene was 
calculated based on its threshold cycle (Ct) compared to 
the Ct of the housekeeping (reference) gene (GAPDH). 
The relative quantification was performed by the 2-△ △ Ct 
method.  

The specificity of the PCR reactions was verified 
by the generation of a melting curve analysis 
followed by gel electrophoresis, stained with GelRed 
(Biotium, Hayward, California) (19).  
 
Table 1. The primers sequences for each gene 

 

Genes Accession number Primers Sequence a 

IGF-1 NM- 001082477 
F: AAG CCT ACA AAG TCA GCT CG 
R: GGT CTT GTT TCC TGC ACT TC 

BDNF NM_012513 
F: GCGGCAGATAAA AAGACT GC  
R: GCAGCCTTCCTTCGTGTA AC 

GAPDH  NM_017008.4 
F: TGCCGCCTGGAGAAACCTGC 
R: TGAGAGCAATGCCAGCCCCA 

 Target sequence b 
microRN
A-132 

MIMAT0017123 ACCGUGGCUUUCGAUUGUUACU 

microRN
A-191a 

MIMAT0000866 CAACGGAAUCCCAAAAGCAGCUG 

 

a Sequences were derived from NCBI (www.ncbi.nlm.nih.gov) 
b Sequences were derived from miRBase (www.mirbase.org) 

http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0017123
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Statistical analysis 
Comparison of groups was accomplished by 

ANOVA followed by Tukey. All analyses were carried 
out using IBM SPSS version 20. In all comparisons, 
P≤0.05 was considered significant. Results are 
expressed as means±SEM. 
 

Results  
Because of no statistically significant difference 

among control and sham animal groups, we only 
discussed the sham group. 
 

MicroRNA-132 expression 
The level of expression of microRNA-132 in the 

hippocampus is presented in Figure 1. Our results 
showed that microRNA-132 expression level was 
significantly decreased in the hippocampus of the 
OVX group compared with the sham group (P<0.01). 
Also, in the hippocampus of both OVX.G and OVX.E 
groups, the microRNA-132 expression levels were 
significantly increased in comparison with the OVX 
group (P<0.05). Additionally, exercise and genistein 
treatment in the OVX.E.G group increased hippocampal 
expression of microRNA-132 approximately to the level 
of the sham group.  

 

BDNF expression 
The level of hippocampus BDNF expression is 

presented in Figure 2. BDNF expression level was 
significantly decreased in the hippocampus of OVX in 
comparison with the sham group (P<0.01). At the 
end of the experiment, expression of BDNF up-
regulated in the hippocampus of OVX.G and OVX.E 
animal groups significantly compared with the OVX 
group (P<0.05). BDNF expression level in the 
hippocampus of the OVX.G.E group was increased 
approximately to the level of the sham group. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Level of microRNA-132 expression in the hippocampus 
of the different experimental groups 
OVX: ovariectomized group, OVX.E: ovariectomized with 8-weeks 
exercise group. OVX.G: ovariectomized group with 8-weeks 
genistein administration. OVX.G.E: ovariectomized with 8-weeks 
genistein administration and swimming training. Data are 
expressed as mean±SEM 
* Significant difference compared with Sham (P<0.01). # 
Significant difference compared with sham and OVX (P<0.05). ¥ 
Significant difference compared with OVX (P<0.01) and with 
OVX.E and OVX.G (P<0.05) 

 
 
Figure 2. Level of BDNF expression in hippocampus of the 
different experimental groups 
OVX: ovariectomized group, OVX.E: ovariectomized with 8-weeks 
exercise group. OVX.G: ovariectomized group with 8-weeks 
genistein administration. OVX.G.E: ovariectomized with 8-weeks 
genistein administration and swimming training. Data are 
expressed as mean±SEM 
* Significant difference compared with Sham (P<0.01). # 
Significant difference compared with sham and OVX (P<0.05). ¥ 
Significant difference compared with OVX (P<0.01) and with 
OVX.E and OVX.G (P<0.05) 

 
IGF-1 expression 

The level of expression of hippocampus IGF-1 is 
presented in Figure 3. Data analysis showed that IGF-
1 expression level was significantly lesser in the 
hippocampus of OVX in comparison with the sham 
group (P<0.01). Also, expression of IGF-1 in the 
hippocampus of the OVX.E and OVX.G groups were 
significantly higher in comparison with the OVX 
group (P<0.05). Interestingly, the IGF-1 expression 
level in the hippocampus of OVX.G.E group was 
approximately equal to that of the sham group.  

 
 

 
 
 

 

Figure 3. Level of IGF-1 expression in hippocampus of the 
different experimental groups 
OVX: ovariectomized group, OVX.E: ovariectomized with 8-weeks 
exercise group. OVX.G: ovariectomized group with 8-weeks 
genistein administration. OVX.G.E: ovariectomized with 8-weeks 
genistein administration and swimming training. Data are 
expressed as mean±SEM 
* Significant difference compared with Sham (P<0.05). # 
Significant difference compared with sham and OVX (P<0.05). ¥ 
Significant difference compared with OVX (P<0.05) and with 
OVX.E and OVX.G (P<0.05) 
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Figure 4. The effects of exercise and genistein on learning 
acquisition as measured by escape latencies (A), memory 
retention during the probe trial (B), the percentage of time spent 
in the target quadrant (C), swimming speed, and (D) observed in 
the MWM. Ovariectomy significantly impaired spatial learning 
performance in the MWM (P<0.05). Spatial learning in OVX rats 
was enhanced also by exercise and genistein administration in 
relation to the OVX animal group (P<0.05). In the OVX.G.E group 
spatial learning was approximately restored level of sham group. 
There were no significant differences between the groups in 
swimming speed  
OVX: ovariectomized group, OVX.E: ovariectomized with 8-weeks 
exercise group. OVX.G: ovariectomized group with 8-weeks 
genistein administration. OVX.G.E: ovariectomized with 8-weeks 
genistein administration and swimming training. Data are 
expressed as mean±SEM 
* Significant difference compared with Sham group (P<0.05). # 
Significant difference compared with all other groups (P<0.05). ¥ 
Significant difference compared with OVX, OVX.E, and OVX.G 
(P<0.05) 
 
 

The effect of genistein and swimming on spatial 
memory in experimental groups 

Results of our study indicated that physical 
exercise and injection of genistein produced and 
improved spatial learning in the OVX group as 
decreased path length (the distances (cm) to reach 
the hidden platform for all groups) (Figure 4A) and 
decreased latencies of searching for the hidden 
platform on acquisition trial (Figure 4B) and 
enhanced percent of time in the target quarter 
(Figure 4C) and this difference was statistically 
significant (P<0.05). These results were not 
confounded by swimming speed because there was 
no significant difference between the groups (Figure 
4D). 
 

Discussion 
The relationship between menopause and 

cognitive disturbance has been recognized (1). It is 
observed that oophorectomy presents risks of rapid 
cognitive decline and dementia when it is done 
before the natural age of menopause (2). It has been 
also argued that estrogen treatment would reverse 
this risk. However, estrogen treatment often has 
serious side effects and may increase the risk of 
breast or ovarian cancer (3, 8). A search for an 
alternative has been undertaken and exercising or 
phytoestrogens have been considered as the possible 
candidates (8, 16). Thus far, the specific neural 
mechanisms by which these alternatives may affect 
cognitive function in women have not been 
completely recognized. 

In this study, we were interested in the 
expression patterns of microRNA-132, BDNF, and 
IGF-1 hippocampal genes at the early stages of 
ovarian hormone loss in a postmenopausal animal 
model. We examined the swimming training and 
genistein administration as a probable modality for 
reducing ovariectomy-induced changes in these 
hippocampus expressions.  

Our major findings were as follows: (1) Compa-
red with the sham surgery rats, ovariectomized rats 
downregulated the hippocampal expressions of micro-
RNA-132 gene associated with anti-neurodegenera-
tive effects, which may be related to the increased 
expressions of BDNF and IGF-1; (2). exercise or 
genistein administration increased the expression of 
microRNA-132, BDNF, and IGF-1; and (3) exercise 
and genistein administration further increased the 
expression of microRNA-132, BDNF, and IGF-1 
expressions. In addition, to evaluate the effect of 
genistein and exercise on spatial memory, Morris 
water maze (MWM) test was performed. Our results 
suggested that genistein, as well as exercise, 
improved memory acquisition (escape latency time 
and swimming distance to reach the platform) and 
retention (a probe trial was performed, during which 
the platform was removed from the pool, and the 
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percentage of time spent in each quadrant was 
calculated) in the ovariectomized rats, while in the 
OVX.G.E group, this improvement was even more. 

By the refinement of gene expressions at the 
post-transcriptional level, microRNAs could regulate 
a variety of cell functions such as neuronal functions, 
developmental patterning, apoptosis, cell prolifera-
tion, and metabolism (21). Investigations of expre-
ssion profiles demonstrated that over 70% of experi-
mentally detectable microRNAs existed in the brain. 
Half of them were expressed in a brain-specific or 
brain-enriched way, such as microRNA-9, microRNA-
124, microRNA-128, microRNA-125, microRNA-7, 
microRNA-34, and microRNA-132 (22). Numerous 
actions, such as neuronal cell growth, synaptic smooth 
ness, swelling, and angiogenesis are associated with 
microRNA-132. It has been shown that the microRNA-
132 expression is caused by neurotrophins, including 
the neurotrophic factor which is derived from                
the brain (BDNF) (23). BDNF is a growth factor that 
augments dendritic spines, improves memory 
function, and has a significant role in promoting 
proliferation, survival, and differentiation for a wide 
range of neuronal cell types (24). IGF-1, another 
growth factor structurally associated with proinsulin,  
is a potent survival factor for neurons and 
oligodendrocytes and is also involved in the growth 
of neurons and separation in the brain (25). 
Upregulation of microRNA-132 is involved in BDNF-
augmented synaptic proteins (26); however, their 
probable expression changes are not well-known. 
Our results showed that ovariectomy causes the 
dysregulation of microRNA-132 expressions asso-
ciated with anti-neurodegeneration, which is 
perhaps related to the decreased expressions of 
BDNF and IGF-1 in the hippocampus of rats. Similar 
findings on the expression of BDNF in the 
postmenopausal phase have been indicated in 
previous studies (14). In addition, MWM has shown 
that, in OVX rats, compared with sham animals, 
memory acquisition and retention are disturbed. 

Numerous investigations have suggested that 
estrogen replacement treatment in postmenopausal 
women improves cognition, prevents the develop-
ment of dementia, and reduces the severity of 
dementia, whereas other investigations have not 
found an advantage in estrogen application (27).           
On the other hand, the results of large-scale 
experimental trials have revealed that hormone 
substitution treatment including estrogen therapy 
increases concerns, including the increased risk of 
breast cancer in postmenopausal women (3, 8). 
Many attempts have been made in order to stop 
cognitive decline including learning and memory 
disturbances in postmenopausal women, among 
which genistein and exercise training have been 
suggested as natural substitutes for estrogen 

replacement in preventing and/or enhancing cogni-
tive failure (8, 16).  

According to our results exercise improved the 
expression of microRNA-132, and enhanced BDNF 
and IGF-1 expressions in the ovariectomized rats.  In 
addition, exercise enhanced spatial memory in the 
aforementioned group. These findings are in line 
with the previous studies, showing that exercise 
training can affect the risk factors of cognitive failure. 
Moreover, this investigation indicates that exercise 
can raise the expressions of BDNF and IGF by 
increasing the expression of microRNA-132. Also, 
training can reduce cell death in the hippocampal 
cells (28). Learning can be enhanced by exercise 
through the mechanisms that induce BDNF gene 
expression. Furthermore, IGF-1 levels in both the 
periphery and brain can be increased by exercise. 
Since the peripheral administration of IGF-1 
persuades BDNF mRNA in the brain, BDNF is 
perhaps a downstream agent that facilitates some            
of the protective effects of IGF-1. These results 
propose that peripheral IGF-1 initiates growth-factor 
cascades in the brain that can change the ongoing 
plasticity mechanisms (29). In addition, the 
expressions of microRNA-132, BDNF, and IGF-1 were 
enhanced by genistein administration in the ovariec-
tomized rats and it also enhanced spatial memory. It 
has been shown that genistein, which has antioxidant 
features like estradiol, could be used as an 
alternative to estradiol to prevent CNS dysfunction in 
postmenopausal women. The addition of genistein to 
ovariectomized female rats’ diet augmented the rate 
of protein synthesis in the brain (30). In fact, in the 
past decade, studies have revealed the effects of 
genistein on microRNAs. Soy germ phytoestrogens 
enhance the function of spatial memory, which might 
be related to the rise in BDNF and the expression of 
synaptic formation proteins in the hippocampus of 
the brain in ovariectomized rats. Also, the effects 
of genistein and daidzein on hippocampus neuronal 
cell proliferation and BDNF expression have been 
observed. Furthermore, our observation for the first 
time revealed that the combination of genistein and 
exercise improved spatial memory and expression of 
microRNA-132, BDNF, and IGF-1 in a synergistic 
pattern in the OVX.G.E group in comparison with 
groups that were treated only with genistein or 
exercise. These findings are in agreement with the 
results obtained by other studies, which showed that 
a combination of soy isoflavones and exercise 
advanced defensive impacts on cognitive failure in 
ovariectomized rats (31). More investigation is 
needed to clarify the underlining cellular and 
molecular mechanisms of these effects.  
 

Conclusion  
Our results were novel as they provided the first 

direct evidence that exercise and/or genistein 
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administration may predominately employ the 
actions of microRNA-132, BDNF, and IGF-1 to 
enhance cognitive function. Furthermore, given the 
extensive involvement of these genes in some 
disorders of cognitive function such as learning and 
memory, the findings suggest exercise and genistein 
as the highly accessible form of intervention that 
could be used by menopausal women. 
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