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ABSTRACT 

BACKGROUND AND OBJECTIVE: Anxiety is a major symptom of menopause caused by loss of ovarian 

activity. Anxiety increases the intensity of vasomotor symptoms in menopausal women. This study aimed to 

compare the effects of exercise and estrogen on anxiety level of ovariectomized mice.   

METHODS: This empirical study was conducted on 28 mice (weight: 25-35 grams) divided into four groups of 

seven, including ovariectomy, ovariectomy and exercise, ovariectomy and estrogen (40 mg/kg of estradiol 

valerate), and ovariectomy combined with exercise and estrogen. Animals were initially ovariectomized and one 

week later, they were placed on treadmills to run at medium intensity for 30 minutes per day. Intervention 

continued for five days per week, and after four weeks, anxiety was evaluated using elevated plus-maze.  

FINDINGS: In this study, estrogen significantly increased the percentage of open arm entry (OAE) compared to 

ovariectomy group (22.13±4.72 vs. 4.91±3.18, respectively) (p<0.05). In addition, combination of estrogen and 

exercise significantly increased open arm time (OAT) compared to ovariectomy group (46.19±6.82 vs. 4.91±3.18, 

respectively) (p<0.001). However, no significant difference was observed between exercise and estrogen groups. 

Also, exercise alone increased OAE compared to ovariectomy group (24.54±3.18 vs. 13.79± 3.23, respectively) 

(p<0.05). Percentage of OAE in groups of estrogen, exercise and combined exercise and estrogen was 30.61±1.25, 

24.54±3.18 and 46.08±1.04, respectively, which was indicative of no significant difference. However, estrogen and 

combined estrogen and exercise significantly increased OAE compared to ovariectomy group (p<0.001).  

CONCLUSION: According to the results of this study, similar to estrogen, exercise could reduce the anxiety 

induced by ovariectomy in mice.  
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Introduction 
Ageing causes ovaries to gradually lose their 

ability of responding to gonadotropins, which 

results in decreased function of ovaries. This 

process discontinues the menstrual cycle leading to 

menopause in women. Menopause lowers the level 

of sex hormones and increases the concentration of 

follicle-stimulating hormone and luteinizing 

hormone (1, 2).  

Reduced level of estrogen due to menopause 

leads to several complications in women, including 

hot flashes, night sweats, fatigue, irritability and 

tremors, memory loss, reduced executive brain 

function, dizziness, anxiety and depression. 

Menopausal women may experience at least a few 

of these problems, also known as vasomotor 

symptoms (3).  

Anxiety is a common disorder among 

menopausal women (3). It is a natural state and an 

adaptive component of response to acute stress, 

which is triggered when personal integrity of an 

individual is at risk. However, if unbalanced in 

terms of severity or chronicity or accompanied with 

any specific risks to the health of individual, 

anxiety is considered as a non-adaptive response 

and even mental disorder (4). On the other hand, 

anxiety could increase the severity of vasomotor 

symptoms associated with menopause (5). Several 

factors are involved in the occurrence of anxiety, 

such as lifestyle, genetics, gender and hormonal 

levels, especially sex hormones (3, 4).  

According to the literature, anxiety is more 

prevalent among women compared to men. Recent 

studies have reported the prevalence of anxiety to 

be 30.5% among women and 19.2% among men 

(6). High concentration of estrogen hormone is 

known to reduce the level of anxiety (6, 7).Several 

reports have indicated that menopausal women may 

frequently experience anxiety due to decreased 

estrogen levels (8). Anxiety caused by menopause 

could be treated by hormone replacement therapy 

(9, 10). However, long-term use of estrogen is 

likely to increase the risk of endometriosis, breast 

cancer and cardiovascular diseases in menopausal 

women (11, 12).  

Researchers have been investigating alternative 

treatments for estrogen therapy due to the side 

effects of synthetic estrogen consumption. Regular 

exercise is associated with numerous advantages, 

such as memory reinforcement and prevention of 

different disorders, such as anxiety (13). Previous 

studies have confirmed that exercise could 

eliminate negative emotions and boost positive 

senses. Furthermore, regular exercise recovers 

mental disorders such as stress and anxiety (14). 

Reports have suggested that exercise enhances 

neurogenesis in gyrus dentatus of hippocampus in 

rats, which plays a pivotal role in the regulation of 

anxiety processes (15).  

According to the study by Patki et al., moderate 

exercise on treadmill could reduce anxiety-like 

behaviours in rats through influencing the 

hippocampus (16). In another study, Greenwood et 

al. indicated that exercise could increase resistance 

against environmental stressors (17). Regular 

exercise protects body organs against the 

debilitating effects of internal stress mechanisms. 

Correspondingly, Binder et al. reported that there 

was an increase in the time spent in the open 

arms of an elevated plus maze in mice with four 

weeks of exercise training.  

As a result, severity of anxiety-like behaviors 

reduced in these animals (18). Exercise could 

remarkably reduce anxiety and unlike synthetic 

estrogen, it is associated with no side effects. This 

study aimed to compare the effects of exercise and 

estrogen therapy on the reduction of anxiety in 

ovariectomized mice. 

 

 

Methods 

Experimented animals: This empirical study was 

conducted on 28 female mice weighing 25-35 

grams. Animals were divided into four groups of 

seven and kept in separate cages under tranquil 

conditions within a photocycle of 12 hours of light 

and 12 hours of darkness. Subjects were maintained 

at temperature of 1±21°C and had free access to 

sufficient food and water. Study protocol was 

approved by the Ethics Committee of Rafsanjan 

University of Medical Sciences, Iran. For 

experiments, animals were divided into the 

following groups:  

1) Ovariectomy: Mice in this group were 

ovariectomized and administered with one ml/kg of 

saline via gavage for one month. 

2) Ovariectomy and estrogen: Animals in this 

group were ovariectomized and administered with 

40 µg/kg of estradiol valerate via gavage for one 

month.  
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3) Ovariectomy and exercise: Mice in this group 

were initially ovariectomized. Afterwards, they 

were placed on treadmills to run at intensity of 18 

meter/minute five days per week for one month. 

4) Ovariectomy, exercise and estrogen: Animals 

in this group were initially ovariectomized. 

Afterwards, they were placed on treadmills to run at 

intensity of 18 meter/minute five days per week, 

and 40 µg/kg of estradiol valerate was administered 

via gavage for one month (19, 20).  

Drugs used in experiments: In this study, we used 

estradiol valerate manufactured by Aboureihan 

Pharmaceutical Company, Iran.  

Method of ovariectomy (menopause induction): 

For ovariectomy, mice were weighed and 

administered with 90 mg/kg of ketamine and 4.5 

mg/kg of xylazine via intraperitoneal injection. 

After anaesthesia, abdomen of animals was shaved, 

and surgery area was sterelized. To find ovaries, 

both sides of abdominal section (between the 

second and third breast, next to thigh muscle) were 

cut open. following that, fallopian tube was burnt 

using a cautery device, and ovaries (red follicular 

tissue attached to oviduct tube) were slowly 

seperated and removed.  

In the next stage, internal and external layers 

were sutured seperately, and 22000 µ.i/kg of 

penicillin was injected into the thigh muscle of 

animals. Finally, animals were returned to their 

cages to recover (20, 21).  

Assessment of ovariectomy accuracy: After three 

days, vaginal smears were obtained from animals 

for six consecutive days. To do so, a few drops of 

normal saline were discharged on the vagina of 

mice using a bulb and removed afterwards.  

Drops were placed on glass slides and 

examined using a microscope. If there were no 

ferny patterns in the smear, ovariectomy was 

performed with success (21).  

Physical exercise: For physical exercise, we used 

electrical treadmills manufactured by ITTC Life 

Science Co. Animals were placed on treadmills to 

run at intensity of 6-9 meter/minute after getting 

accustomed to the exercise (22). Exercise was 

carried out for half an hour at medium intensity of 

18 meter/minute daily.  

This intervention was performed on animals in 

the exercise group five days per week for four 

consecutive weeks. Mice without exercise were 

placed on turned-off treadmills. Body weight of 

animals was measured every three days in order to 

assess possible anxiety caused by exercise (19).  

Examination of anxiety-like behaviors: To 

evaluate anxiety-like behaviors in subjects, we used 

elevated plus-maze (EPM) (Figure 1) based on the 

model proposed by Pellow et al. This device is 

made of wood and has four arms in the form of a 

plus sign. Dimensions of open and closed arms are 

50×10 with a 40-cm wall at both sides and end of 

closed arms. To prevent animals from falling off 

the maze, a glass edge (one cm) has been installed 

on both sides and end of open arms.  

All four arms are directed towards a central 

area with dimensions of 10×10 cm. EPM was 

located at 50 cm distance from the ground, and 

animals were placed in the central area of the maze 

to face an open arm. Proper lighting was adjusted 

using a 100 W lamp located at 120 cm away from 

the center of the maze. While animals were freely 

moving in the maze (five minutes), we videotaped 

the number of times animals entered each open and 

closed arm. Moreover, time spent in closed and 

open arms of EPM was recorded and measured 

(23). Entry into each arm was defined when all four 

legs of animals were placed in open or closed arms, 

and total time spent in each arm was determined in 

the same manner. Percentage of open arm entry 

(OAE) and open arm time spent (OAT) in EPM for 

each animal was calculated using the following 

formula:  

 

 

 

 

 

 

 

Significant increase in either of the aforementioned 

parameters was indicative of reduced anxiety 

although OAE % has lower sensitivity in recording 

anxiety-like or anti-anxiety behaviors of animals 

compared to OAT % (24). Data analysis was 

performed using one-way analysis of variance 

(ANOVA) and Tukey’s post-hoc test, and P value 

of less than 0.05 was considered significant. 
 

 

Results 

Effect of exercise on anxiety-like behaviors: 

According to our findings, exercise significantly 
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increased OAE compared to ovariectomy-only 

group (2313.79±3.18 vs. 24.54±3.18, respectively) 

(*p<0.05) (fig 1), which denotes the anti-anxiety 

effect of exercise. However, no significant 

difference was observed between mice in the 

exercise and estrogen group in this regard.  

Effect of estrogen on anxiety-like behaviors: 

Administration of estradiol valerate (40 µg/kg) 

resulted in a significant increase in OAT compared 

to ovariectomy group (22.13±4.72 vs. 4.791±3.18, 

respectively) (p<0.05) (fig 2). Moreover, estrogen 

could significantly increase OAE compared to 

ovariectomy group (30.61±1.25 vs. 13.79±3.23, 

respectively) (p<0.01), which emphasizes the anti-

anxiety effect of this drug. However, no significant 

difference was observed in the exercise group in 

this regard.  

Effect of combined exercise and estrogen on 

anxiety-like behaviors: Administration of estradiol 

valerate (40 µg/kg) with exercise resulted in a 

significant difference in OAT compared to 

ovariectomy group (46.19±6.82 vs. 4.91±3.18, 

respectively) (p<0.001). In addition, combination of 

estradiol valerate (40 µg/kg) and exercise 

significantly increased OAE compared to 

ovariectomy group (46.8±1.04 vs. 13.79±3.23, 

respectively) (p<0.001), which denotes the anti-

anxiety effect of this combination. However, no 

significant difference was observed between mice 

receiving combined exercise and estrogen and those 

receiving estrogen only and exercise only.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effects of Exercise, Estrogen and 

Combination of Exercise and Estrogen on OAE  

(Data presented as Mean±SEM (N=7); *p<0.05, 

**p<0.01,***p<0.001 Compared to Ovariectomy Group) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effects of Exercise, Estrogen and 

Combination of Exercise and Estrogen on OAT 

(Data presented as Mean±SEM (N=7);*p<0.05, ***p<0.001 

Compared to Ovariectomy Group) 

 

Discussion 

According to the results of this study, treadmill 

exercise at intensity of 18 meter/minute for half an 

hour per day (five days a week for four weeks) 

could reduce OAE factor of anxiety-like behaviors 

caused by ovariectomy in mice. It is noteworthy 

that estrogen exerted similar effects on these 

behaviors. On the other hand, combination of 

estrogen and exercise had a more significant effect 

on the reduction of anxiety-like behaviors in both 

OAE and OAT factors compared to estrogen and 

exercise alone.Reduced anxiety followed by regular 

exercise could be associated with changes in the 

hippocampus.  

As observed in adult rodents, running could 

increase the number of new stimulating neurons in 

gyrus dentatus, while stimulating the production of 

dendritic branches on these neurons, throughout the 

hippocampal circuit. In rodents, ventral 

hippocampus is directly involved in processing 

behaviors such as stress and anxiety (25).  

According to the literature, exercise enhances 

neurogenesis in gyrus dentatus of hippocampus in 

mice leading to an increase in growth factors, such 

as insulin-like growth factor-1 and brain-derived 

neurotrophic factor, which play a pivotal role in the 

regulation of anxiety-like processes (26). Recent 

findings suggest that mice who receive treadmill 

exercise for five consecutive weeks tend to have 

reduced levels of adrenocorticotropin (ACTH) and 

corticosterone, which results in the reduction of 

anxiety-like behaviors in these animals (27). 

Exercise enhances the function of hypothalamic-

OAT 

OAE 
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pituitary axis to control subsequent stressors. This 

process is associated with changes in the release of 

corticosterone, termination of response to this 

hormone, or both these parameters together. 

Changes in the release of corticosterone from the 

adrenal gland could be caused by altered sensitivity 

of this gland to ACTH, as well as changes in the 

release of ACTH from the pituitary gland (28). 

Previous research has indicated that estrogen could 

also be effective in reducing anxiety through 

affecting the amygdala and hippocampus (29, 30). 

Furthermore, estrogen could decrease anxiety and 

stress through E2 receptors stimulation of 

hypothalamic-pituitary-adrenal axis (31). In one 

study, FULK et al. performed 45 minutes of 

treadmill exercise on rats at medium intensity (five 

times per week for ten weeks), and the intervention 

led to a significant reduction in anxiety-like 

behaviors of animals (32).  

These findings are consistent with the results 

obtained by the present study. In another research, 

Uysal et al. reported that treadmill exercise could 

decrease plasma levels of corticosterone in mice 

causing a significant reduction in anxiety (33). 

Exercise is associated with physiological and 

behavioral effects, including improved learning 

ability, reduced anxiety-like behaviors, 

neurogenesis and angiogenesis, increased 

neurotrophic factors and changes in various 

signaling molecules. In their study, Salam et al. 

concluded that running on a wheel in the Rotarod 

device (two weeks) resulted in the significant 

reduction of anxiety-like behaviors in male mice 

(34). Furthermore, Vollert et al. claimed that rats 

receiving regular exercise had normal 

corticosterone concentration and reduced anxiety-

like behaviors compared to those without exercise 

(35). Similarly, findings of Haydari et al. suggested 

that exercise could decrease the level of anxiety in 

mice (36). Results obtained in the current study 

indicated that exercise alone could reduce anxiety-

like behaviors in ovariectomized mice, which is 

consistent with the results of the aforementioned 

studies.  

Therefore, considering the harmful effects of 

synthetic estrogen, exercise could be a beneficial 

alternative to reduce anxiety in menopausal women. 

In conclusion, since physical exercise comes in a 

variety of forms and effects on the brain, it is 

recommended that further research be conducted as 

to discover the most efficient types of exercise and 

their influence on molecular mechanisms involved 

in the reduction of anxiety. Comparison of these 

findings with estrogen therapy could yield 

beneficial results for clinical situations. 
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