
 

 

 

 

ABSTRACT 

          Background and Objectives: Oxidative stress is a common mediator in 

pathogenicity of established cardiovascular risk factors. The purpose of this study was to 

determine effects of selected aerobic training on some oxidative stress indicators in 

sedentary elderly women.  

          Methods: In this quasi-experimental study, 21 participants (age range: 60-70 years) 

were selected by convenience sampling and then randomly assigned to an exercise group 

(n=11) and a control group (n=10). Aerobic exercise was performed at 50-70% of heart rate 

reserve for 45-60 minutes per session, three sessions a week, for eight weeks. Blood samples 

were taken at baseline and 24 hours after the last training session. Within-group and 

between-group differences were assessed using paired sample t-test and independent t-test, 

respectively. Statistical significance level was set at 0.05. 

          Results: Weight, body mass index and body fat percentage decreased significantly 

after the exercise intervention (P<0.05). We also noted a significant reduction in endothelin-

1 levels in both groups (P<0.05). Nitric oxide increased significantly after the eight-week 

exercise training (P<0.05). Moreover, serum 8-hydroxydeoxyguanosine levels decreased 

significantly in the exercise group (P<0.05). No significant change was observed in 

malondialdehyde and urinary 8-hydroxydeoxyguanosine levels in both groups. The result 

also showed a significant difference in subjects’ weight and in nitric oxide and 8-

hydroxydeoxyguanosine levels between the two groups (P<0.05).  

          Conclusion: It seems that regular aerobic exercise at moderate intensity can improve 

antioxidative capacity and reduce the risk of cardiovascular disease in elderly women.  

          Keywords: Endothelin-1, 8-hydroxydeoxyguanosine, Exercise, Elderly. 
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factors of CVD (17). Several studies have 

shown that aerobic exercise can increase 

endothelium-dependent vasodilation in elderly 

healthy men (18). In addition, evidence 

supports the safety of moderate-intensity 

regular exercise for the elderly (4). Xiao et al. 

reported that regular aerobic exercise 

decreases ET, increases NO and reduces the 

ET/NO ratio (19). However, Boghrabadi et al. 

reported that aerobic exercise training causes a 

significant increase in ET-1 levels of young, 

middle-aged and old women (20). 

Radovanovic et al. showed that four weeks of 

pre-competition training had no effect on 

oxidative factors such as MDA and NO in 10 

male judokas (mean age: 20±1.3 years; sport 

experience: 11±3.4 years) (21). On the other 

hand, Sacheck et al. showed that 12 weeks of 

downhill running for 45 min at 75% of 

maximum volume of oxygen (VO2 max) 

increases serum concentrations of creatine 

kinase and MDA in healthy men (22).  

Considering the important role of physical 

activity in the prevention and treatment of 

diseases, particularly CVD, performing 

exercise activities along with diet restrictions 

could improve vascular function. Moreover, 

exercise creates a sence of pleasure and 

satisfaction in people. Researchers have shown 

that tendency to perform physical activity 

reduces with age, and consequently, older 

people has a higher risk for CVD. Therefore, 

the present study aimed to study the effects of 

selected aerobic training on some indicators of 

oxidative stress in sedentary elderly women.  

 

MATERIAL AND METHODS  

         This two-phased quasi-experimental 

study was performed to assess  the effects of 

eight weeks of aerobic training in sedentary 

elderly women. The study received approval 

from the ethics committee of Ferdowsi 

University of Mashhad (code: 2.32123) and 

was conducted in accordance with the Helsinki 

Protocol. Twenty-one healthy volunteers aged 

65.47±4.04 years were selected via 

convenience sampling. In the first stage of the 

study, all volunteers completed a medical test 

as well as a medical questionnaire. None of the 

participants were taking any regular 

medication for the conditions such as 

cardiovascular, respiratory, renal and 

metabolic diseases. All procedures and 

exercise  protocols  were thoroughly explained 

INTRODUCTION 

          Cardiovascular disease (CVD) is one of 

the most important causes of morbidity and 

mortality in developed countries (1). CVD is 

also the leading cause of death among 

individuals aged 65 years and over (2). Risk 

factors of CVD include increased blood 

pressure, increased blood cholesterol and 

sedentary lifestyle (3). Levels of 

malondialdehyde (MDA) (4), endothelin-1 

(ET-1) (5), nitric oxide (NO) (6), 8-

hydroxydeoxyguanosine (8-OHdG)  (7) and 

fibrinogen (8) are thought to be associated 

with  the risk of CVD. MDA, a carbonyl group 

produced during lipid peroxidation and 

oxidative stress, is involved in detection of 

oxidative stress (9). Oxidative stress causes 

damage to these macromolecules and plays an 

essential role in the development of chronic 

diseases.  In fact, free radicals in plasma attack 

the blood lipids and causes low density 

lipoprotein oxidation, resulting in hardening of 

the arterial walls and increased risk of 

atherosclerosis (10-11). 

Vascular endothelial cells play an important 

role in the regulation of vascular function by 

producing vascular active substances, such as 

ET-1 (12-13). Of the two types of endothelial 

receptors present in humans, endothelin 

receptor type A is mostly found in heart and 

vascular smooth muscles, while the more 

extensively distributed endothelin receptor 

type B is found mainly in the kidney, uterus, 

the central nervous system and vascular 

endothelial cells. Endothelin receptor type A is 

crucial for the endothelin-mediated 

vasoconstriction, while endothelin receptor 

type B stimulates NO production (5). In 

addition, the endothelium produces numerous 

paracrine substances such as NO, which helps 

maintain the health of vascular wall and 

control vasomotor function. NO is an unstable 

and lipid soluble gas synthesized by 

endothelial cells through the activity of 

endothelial NO synthase (eNOS) (14). 

Exposure to reactive oxygen species 

significantly affects the structure of DNA, and 

plays a critical role in aging and development 

of atherosclerosis and diabetes (15). Moreover, 

8-OHdG has been recently considered as an 

indicator of oxidative DNA damage (7). 

The positive effects of exercise and physical 

activity in the prevention of CVD have been 

proven (16). Implementing regular physical 

exercise  in  sedentary  people   improves   risk  
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samples were taken between 8 and 10 AM 

after a 15-min rest in a supine position. All 

participants were asked to avoid any intense 

physical activity such as cycling, running and 

walking for longer than 15 min before 

sampling. The samples were transferred to a 

tube containing K2EDTA and were mixed for 

15 min before analysis. Serum was separated 

by centrifugation at 3000 rpm for 10 minutes 

and was later stored at -80 °C for subsequent 

analysis. Serum MDA and NO concentrations 

were determined using the photometric 

technique and ZellBio kits (Germany). ET-1 

and 8-OHdG levels were determined with 

ELISA using Cusabio kits (Japan). All 

samples were analyzed in duplicate. Statistical 

analysis was performed in SPSS (version 20) 

using descriptive statistics including means, 

standard deviation (SD) and standard error 

(SE). Normal distribution of the data was 

assessed using the Shapiro–Wilk test and the 

homogeneity of variances was tested by the 

Levene's test. Comparison of means within 

and between the groups was made using paired 

and independent sample t-test, respectively. P-

value of less than 0.05 was considered 

statistically significant. 

 

RESULTS 
       Main characteristics of the participants at 

baseline are shown in Table 1. After the 

exercise training, body weight, BMI and body 

fat percentage decreased significantly. No 

significant change in the working heart rate 

(WHR) was observed in the two groups (Table 

2). At the end of the study, ET-1 level 

decreased significantly in both groups, while 

NO level increases significantly in the exercise 

group (Table 3). 

 Serum 8-OHdG level decreased significantly 

in the exercise group but did not change 

significantly in the control group. In addition, 

no significant change in the MDA level was 

observed in both groups after the eight-week 

training. The results also showed a significant 

difference in the weight and in the level of NO 

and 8-OHdG between the two groups 

(P<0.05). There was no significant difference 

in the intergroup mean values of BMI, body 

fat percentage, WHR, ET-1, MDA and urinary 

8-OHdG levels. 

 

 

 

to the participants. They had the right to 

withdraw from the study at any time. The 

participants were randomly assigned into an 

aerobic exercise group (n=11) and a control 

group (n=10). All the participants were healthy 

based on the medical records, personal 

information questionnaire and physical 

examination by a physician. Level of physical 

activity was assessed with the Kaiser Physical 

Activity Survey (KPAS). In the second stage 

of the study, the height of all participants was 

measured using a digital stadiometer (SECA, 

Germany) to the nearest 0.1 cm. Weight was 

recorded using a digital scale (Beurer PS07, 

Germany). Waist-hip ratio was determined and 

bioimpedance parameters including body fat 

percentage, fat mass, and muscle mass and 

total body water were calculated using Inbody 

720 Body Composition Analyzer (Biospace, 

Dogok-dong, South Korea). All the above 

measurements were done after four hours of 

fasting and on empty bladder and stomach. 

The participants in the exercise group 

performed 45-60 minutes of aerobic training at 

50-70% of maximum heart rate reserve 

(MHRR), three sessions a week, for eight 

weeks. The sessions usually started in the 

morning (9:30-11:00 AM) and all aerobic 

trainings were supervised by an experienced 

physical education instructor. Each session 

included a 10-min warm up (walking, 

stretching and movement exercise), 45 min 

specific training including walking/running at 

50-70% of MHRR, and 10 min of cool down 

by jogging, walking and stretching (23). At the 

end of each session, all participants were 

examined and the exercise intensity was 

adjusted accordingly. The intensity of the 

trainings was controlled using the Borg scale. 

The control group did not participate in any 

physical activity during the study period. The 

MHRR for each participants was calculated 

based on the Karvonen formula (Target HR= 

50% or 70%× [(220 - age) - resting HR] + 

resting HR), and was controlled during the 

training sessions with a heart rate monitor 

(Polar, Finland) (24). Fasting blood samples 

(10 ml) were taken from the basilic vein 24 

hours before the first training session and 24 

hours   after   the   last   training   session.   All  

 

 

 Variables (Mean ± SD) Groups  

BMI (Kg/m2) Weight (Kg) Height (cm) Age (year) 

29.52±3.37 68.60±10.40 152.63±5.20 64.36±4.12 Exercise (n=11) 

30.18±4.02 71.70±10.40 154.80±7.74 66.70±3.77 Control (n=10) 

 

Table 1- Main characteristics of the subjects at baseline 
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aerobic exercise significantly reduces 

angiotensin II levels that can consequently 

affect the production of ET-1 in endothelial 

cells (28). We also found that the eight-week 

aerobic exercise increases NO level, which is 

in line with some previous studies (21,29,30). 

Shear stress also increases NO production via 

activation of ion channels, especially 

potassium channels (35), which itself activates 

receptor tyrosine kinase (36). The main source 

of NO production in the vascular endothelial 

cells is eNOS, which is activated during 

exercise and shear stress (37). The shear stress 

sensors in the vascular endothelial cells 

function through activity of several 

membrane-related molecules and pathways 

that could consequently activate NO 

production by eNOS (38, 39). The likely 

physiological stimulus for NO production is 

blood pressure regulation. Since regular 

exercise frequently increases pulse pressure, it 

can increase the bioavailability of NO (14). 

We noted a non-significant decrease in MDA 

levels after the eight-week aerobic exercise. 

The results of other studies in this regard have 

been  inconsistent.  For instance, Valadoa et al.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

          Regular aerobic exercise can reduce 

body composition and improve cardiovascular 

efficiency. In this study, the eight-week 

aerobic exercise had a significant impact on 

body weight, BMI and body fat percentage. 

This results is in line (25) but inconsistent (26) 

with the results of other studies. The 

inconsistency in the results could be due to the 

type of activity. For instance, fatty acids are 

the main fuel used by the muscles in aerobic 

training. The exercise regimen, daily physical 

activity, and intensity and duration of the 

training may also affect the outcome of 

training interventions.  

We found that ET-1 level reduced significantly 

after the aerobic exercise intervention. This is 

in line with findings of Xiao-juan et al. (19) 

but inconsistent with findings of another study 

(27). Low concentration of ET-1 in blood may 

decrease the risk of heart diseases, 

hypertention, atherosclerosis and renal 

ischemia. Angiotensin II directly stimulates 

the production and release of norepinephrine 

as well as ET-1 in the endothelium, which 

results in severe contraction of the blood 

vessels.  Recent  studies  reported  that  regular 

Variables Groups Stage Difference 

Pre-test (Mean 

± SD) 

Post-test (Mean ± 

SD) 

P-Value* P-Value** 

Weight 

(Kg) 

Exercise 68.68±10.40 67.40±10.20 0.001† 0. 001† 

Control 71.70±10.40 72.10±9.80 0.27 

BMI (Kg/m2) Exercise 29.52±3.37 28.83±3.23 0.001† 0.06 

Control 30.18±4.02 30.13±3.93 0.84 

Body fat 

Percentage  

Exercise 43.20±6.98 41.36±7.24 0.02† 0.06 

Control 41.51±6.35 41.38±6.73 0.80 

† Statistically significant difference (P<0.05) 

* Significant difference within group 

** significant difference between groups 

 

Table 2- Changes in the body composition of subjects in the two study groups 

 

Variables Groups Stages Difference 

Pre-test (Mean ± 

SD) 

Post-test (Mean ± 

SD) 

P-Value* P-Value** 

ET-1 (Pg/mL) Exercise 3.42±1.39 2.19±1.30 0.005† 0. 347 

Control 4.38±1.92 2.58±1.18 0.005† 

NO(mm/L) Exercise 3.34±0.25 3.63±0.26 0.006† 0.046† 

Control 3.33±0.29 3.40±0.34 0.321 

MDA(mm/L) Exercise 12.47±4.75 12.27±2.71 0.895 0.156 

Control 22.09±14.42 15.97±7.45 0.124 

Serum 8-OHdG (ng/mL) Exercise 329.00±191.81 271.00±143.34 0.012† 0.048† 

Control 366.20±146.92 422.50±97.76 0.273 

Urinary 8-OHdG (ng/mL) Exercise 8.14±4.17 6.01±1.08 0.118 0.305 

Control 14.61±11.40 13.16±9.23 0.591 

† Statistically significant difference (P<0.05) 

* Significant difference within group 

** significant difference between groups 

 

Table 3- Changes in resting ET-1 levels and the indicators of oxidative stress in response to aerobic exercise 
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fitness of the participants. Since 8-OHdG is 

one of the main markers of oxidative DNA 

damage and an indicator of risk for CVD, 

reduction of 8-OHdG following regular 

aerobic exercise at moderate intensity could be 

beneficial for reducing oxidative DNA damage 

and risk of CVD.  

 

CONCLUSION 

         Eight weeks of periodic aerobic exercise 

exerts beneficial effects on cardiovascular risk 

factors by decreasing ET-1 and serum 8-

OHdG levels. It also causes a significant 

increase in NO levels. Therefore, it is 

recommended to perform regular aerobic 

exercise to reduce the risk of CVD, 

particularly in elderly women. A more 

comprehensive study should be performed on 

larger study populations to confirm our results. 
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reported an increase in NO and a decrease in 

MDA levels (40), while Shin Y et al. observed 
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increased oxygen consumption during physical 

activity. Hydroxyl radicals can cause lipid 

peroxidation, which leads to production of 

MDA (42). Regular aerobic exercise appears 

to improve anti-oxidative defense and reduce 

lipid and protein peroxidation (43). In fact, 

neutralization of free radicals results in 

improved antioxidative defense. Regular 

exercise increases the antioxidative capacity 

and protects the body against oxidative stress-

induced damage (44). 

In this study, 8-OHdG levels decreased 

significantly after the eight-week exercise 

intervention, which is in accordance with 

results of other studies (45, 46). However, 

Samia et al. reported that urinary level of 8-

OHdG increases significantly in professional 

female athletes during heptathlon race (47). 

Bloomer et al. reported no significant change 

in MDA or 8-OHdG levels after 30 minutes of 

continuous cycling at 70% of VO2 max (48). 

Disparity in the results of the aforementioned 

studies may be due to difference in the 
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