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Abstract 
 
Background: A large amount of evidence shows that oxidative stress plays a 
central role in hypertension pathophysiology. The aim of this study was to 
examine effect of aerobic training along with Garlic on oxidative stress index 
in obese women with high blood pressure. 

Materials and Methods: In this clinical trial study, 36 postmenopausal obese 
women with hypertension were purposefully and accessibly selected from Sari 
and were simple randomly divided into four groups Control (C), Aerobic 
Training (AT), Garlic (G) and Aerobic Training +Garlic (ATG). The training 
groups participated in a progressive aerobic training for eight weeks, three 
sessions a week (55% to 65% of the reserved heart rate and for 30 to 55 min). 
The groups of G and ATG were provided 1000 mg of garlic supplement for 
eight weeks (After breakfast and dinner). Two days before and after the 
protocol, blood samples were taken in fasting state. SPSS 16.0 software was 
used for statistical analysis. Data were analyzed using ANCOVA at p<0.05.  

Results: The results showed that the levels of malondialdehyde (MDA) 
(P=0.0001) decrease significantly in the experimental groups. Also, superoxide 
dismutase (SOD) (P=0.001), glutathione peroxidase (GPX) (P=0.000) and 
catalase (CAT) (P=0.001) in the experimental groups increased significantly 
compared to the C group. The amount of SOD, GPx and CAT in the ATG group 
was significantly higher than the AT and G group (p≤0/05). 

Conclusion: It seems that AT and G has interactive effects on reducing 
Oxidative Stress in obese women with high blood pressure. 
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Hypertension is an important modifiable risk 

factor for premature cardiovascular disease 

(CVD), however, 43% of adult women have 

hypertension (1). Blood pressure (BP) 

increases with age in both sexes, but blood 

pressure is higher in women after middle age 

than in men. It has also been shown that after 

menopause, the prevalence of high blood 

pressure in women increases (2). Oxidative 

stress has been implicated as a mediator of 

hypertension, as most studies have shown that 

individuals with lower blood pressure also 

have higher levels of endogenous antioxidants 

such as vitamins E and C (3). Chronic 

inflammation and oxidative stress are factors 

in endothelial dysfunction (4) that are directly 

involved in increasing systemic vascular 

resistance and thus increasing blood pressure 

(BP). Oxidative stress is caused by a systemic 

imbalance between the production of reactive 

oxygen species (ROS) and antioxidant capacity 

(5). ROS levels may be increased due to 

decreased antioxidant enzyme activity in 

hypertensive individuals, while reduced 

oxidative stress may reduce blood pressure 

(6). Exercise training has a positive effect on 

blood pressure by reducing lipid peroxidation 

and oxidative stress (7). Previous studies have 

reported that although a single bout of exercise 

increases ROS production, long-term exercise 

can also regulate the expression of antioxidant 

defense systems (8). Epidemiological studies 

have also shown that regular physical exercise 

performed at low to moderate intensity per 

week is more suitable for middle-aged and 

elderly people (9). 

Therefore, aerobic training (AT) can be a 

suitable way for these people by improving 

the state of oxidative stress in obese women 

with high blood pressure. AT has been shown 

to be effective in a decrease of the occurrence 

of ROS-associated hypertension (10) and 

exerts a protective effect on oxidative 

damage, the exact mechanism of the effect of 

exercise training on cardiovascular function 

is not well known. In this regard, da Silva et 

al. (2022) showed that 16 weeks of AT was 

associated with blood pressure improvement 

in women with hypertension (11). Several 

other studies have shown that AT is an 

important non-pharmacological strategy for 

the prevention and treatment of 

hypertension (12). AT reduces sympathetic 

tone, arterial blood pressure, oxidative stress 

(13) and inflammation (14). However, 

Ruangthai et al. (2019) showed that 

endurance exercise does not have a 

significant effect on plasma MDA (15). On the 

other hand, studies have shown that some 

plants also play a role in controlling blood 

pressure by modulating oxidative stress. 

Garlic (Allium satium L.) is a nutrient that has 

beneficial cardiovascular properties and 

effects and contains various compounds 

including organosulfur compounds, amino 

acids, vitamins and minerals. Some sulfur-

containing compounds are responsible for 

the healing properties of garlic, including 

Allicin, S-allyl Cycteine, and Diallyl Disulfide 

(16). It has been shown that daily 

consumption of 1200 mg of garlic 

significantly reduces systolic and diastolic 

pressure, decreases arterial wall resistance 

and lowers total cholesterol level (17). 

1. Introduction 
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2. Materials and Methods Also, consuming garlic improves the 

performance of the antioxidant defense 

system by increasing superoxide dismutase, 

catalase and glutathione peroxidase (18). By 

introducing this trend, blood pressure can be 

lowered in hypertensive patients with 

antioxidant measures, and it is possible that 

one of the mechanisms to reduce 

cardiovascular diseases caused by high blood 

pressure is performing endurance sports and 

using antioxidant supplements. Considering 

the role of sports activities in reducing and 

adjusting oxidative stress indicators and the 

role of oxidative stress in the development of 

blood pressure, as well as the inhibitory effect 

of garlic on oxidative stress indicators, the 

researcher assumes that the simultaneous 

effect of aerobic exercise with garlic 

consumption has a better effect on oxidative 

stress in obese women with high blood 

pressure. Therefore, this study intends to 

study the simultaneous effect of garlic 

consumption and AT on oxidative stress in 

obese women with hypertension. 

 

Subjects 

In this clinical trial study, 36 inactive 

postmenopausal women with hypertension 

(blood pressure higher than 140/90 mmHg) 

and obesity (body mass index ≤ 30) from Sari 

city (summer 2018) aged 50 to 65 were 

included in the study. Sampling was done 

among hypertensive people voluntarily, 

purposefully and available. After completing 

the number of subjects for the research, by 

making a phone call and obtaining their 

consent, 36 eligible people were randomly 

divided into four groups Control (C), Training 

(AT), Garilc (G) and Training+Garilc (ATG). 

The criteria for entering the study include: 

confirmation of hypertension by a doctor, 

absence of other underlying diseases 

(structural diseases and skeletal muscle 

abnormalities, no fractures and sprains in 

different body tissues, no history of any 

fractures and surgeries in the last 1 year, 

disease heart and liver problems), not 

participating in a regular exercise program in 

the last six months, being allowed to 

participate in the exercise program with the 

doctor's opinion and consenting to 

participate in the study. The exclusion criteria 

from the study included not taking 

supplements and not doing exercise, 

diagnosis of other underlying diseases during 

the implementation of the protocol, change in 

the pattern of drug consumption, feeling the 

risk of exercising or taking supplements, and 

not having a phone call from the researcher 

for follow-up. In this study, the subjects also 

participated in an exercise familiarization 

program. Subjects were asked not to change 

their diet during the study period. 
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week 1 2 3 4 5 6 7 8 

Time (minutes) 30 35 40 45 50 50 55 55 

Intensity (HR reserve) 55 55 60 60 60 65 65 65 

The AT group trained for 8 weeks (24 

sessions, 3 sessions per week). The duration 

of the activity was 30 to 55 minutes and the 

intensity of the activity was considered to be 

55 to 65% of the maximum reserve heart rate 

(Table 1) (4). It should be noted that the 

training program in the gyms was 

standardized and implemented with safety 

precautions, and a Polar heart rate monitor 

was used to control the intensity of the 

training. 

 

Supplement preparation and consumption 

The garlic supplement was purchased under the 

brand name (Natural Made) made in the United 

States. 500 mg of the supplement was placed in 

gelatin capsules. The subjects were asked to 

take one capsule after breakfast and dinner. The 

subjects of the C and AT groups also used the 

placebo (starch capsule) twice a day in the same 

amount and volume as the G group. Capsules 

containing garlic supplement and placebo 

(capsule containing starch) were given to the 

subjects in a double-blind manner. The dosage 

(960 mg) has previously been used in 

hypertensive patients (systolic blood pressure 

above 140 mmHg) (20). 

 

Exercise protocol 

 

Table 1: Aerobic training protocol for menopausal women with high blood pressure and obesity 
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* significance of within-group, a: difference with control group β: difference between groups (P≤0.05) 

 C AT G ATG P Between-

group 

Age (years) Pre-test 59.89 ± 4.45 61.89 ± 4.85 61.89 ± 4.70 62.56 ±4.66 0.652 

Height(meters) Pre-test 1.56 ± 0.049 1.55 ± 0.037 1.55 ± 0.032 1.56 ±0.040 0.840 

Weight (kg) Pre-test 72.78 ± 8.24 74.00 ± 6.22 69.67 ± 7.64 72.33 ±6.42  

0.009 β Post-test 72.44 ± 9.04 69.44 ± 4.47 65.56 ± 6.48 66.56 ±6.12 
P within-group  0.700 0.004* 0.001* 0.005* 

 

BMI (Kg/m2) 

Pre-test 29.70 ± 3.99 30.68 ± 3.54 28.96 ± 3.14 29.75 ± 2.89  

0.010 β Post-test 29.57 ± 4.28 28.76 ± 2.55 27.27 ± 2.81 27.33 ± 2.05 
P within-group  0.692 0.005* 0.001* 0.006* 

 

WHR 

Pre-test 0.860±0.051 0.878 ± 0.05 0.882 ± 0.11 0.856 ±0.087  

0.0001 β Post-test 0.922±0.058 0.853 ± 0.067 0.891±0.107 0.893 ±0.093 
P within-group  0.000 0.061 0.421 0.042 

 

SBP (mmHg) 

Pre-test 140.67±10.05 143.11 ± 9.06 147.11±8.55 144.67 ± 9.24  

0.0001 β Post-test 141.56 ± 9.36 30.36±131.78a 135.78±8.84a 130.22±15.63a 
P within-group  0.362 0.0001* 0.002* 0.001* 

 

DBP (mmHg) 

Pre-test 84.33 ± 6.40 82.89 ± 5.08 83.22 ± 7.29 84.89 ± 3.98  

0.032 β Post-test 85.11 ± 5.13 81.33 ± 2 82.67 ± 5.14 80.44±14.2a 
P within-group  0.432 0.270 0.714 0.003* 

Blood sampling and laboratory analysis  

Two days before and after the training session, 

blood samples were taken from the brachial 

vein in a fasting state (12 hours). MDA serum 

levels were measured based on the reaction 

with thiobarbituric acid and using a fluorimetric 

device. SOD was measured using a commercial 

kit made by RANDOX company, and GPX and 

CAT levels were measured by 

spectrophotometric method. 

 

Shapiro-Wilk test was used to ensure normal 

distribution of data and Levin test was used to 

ensure homogeneity of variances. Descriptive 

statistics were used to describe the data and 

draw graphs, and ANCOVA was used to compare 

the groups in the studied variables. Significant 

level was considered P≤0.05. All statistical 

analysis was performed using 26 SPSS software. 

 

Statistical analysis 

 

3. Results 

Table 2 show the mean changes in weight, 

height, BMI, WHR, systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) in 

different groups (Tab 2). 

Table 2 : Results related to subjects' characteristics and SBP and DBP 
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After confirming the normality of the data using 

the Shapiro-Wilk test; The results of within-

group comparison showed a significant 

decrease in the average MDA levels in groups 

AT (P=0.008), G (P=0.009) and ATG (P=0.0001) 

(Fig 1). Data analysis using covariance test 

showed that there is a significant difference in 

the amount of MDA changes between different 

groups (P=0.0001). The results of Benferroni's 

post hoc test showed that there is a significant 

difference between group C with AT (P=0.015), 

G (P=0.007) and ATG (P=0.0001); and also, 

between ATG group with AT (P=0.018) and G 

(P=0.042) (Fig 1). 

 

The results of within-group comparison showed 

a significant increase in the mean levels of GPx 

in groups AT (P=0.0001), G (P=0.012) and ATG 

(P=0.001) (Fig 2). Data analysis using 

covariance test showed that there is a 

significant difference in the amount of GPx 

changes between different groups (P=0.0001). 

The results of Benferroni's post hoc test showed 

that there is a significant difference between 

group C with AT (P=0.015009 G (P=0.012) and 

ATG (P=0.0001); and also, between ATG group 

with AT (P=0.031) and G (P=0.016) (Fig 2). 

 

Figure 2: Changes in serum GPx levels in different 

groups using t test and ANCOVA test (p<0.05 level). 

*Difference with pre-test, a Difference with C group, 

b Difference with ATG group. 

Control (C), Aerobic Training (AT), garlic (G) and 

Aerobic Training-garlic (ATG). 

*Difference with pre-test, a Difference with C group, 

b Difference with ATG group. 

Control (C), Aerobic Training (AT), garlic (G) and 

Aerobic Training-garlic (ATG). 
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Figure 1: Changes in serum MDA levels in different 

groups using t test and ANCOVA test (p<0.05 level). 

*Difference with pre-test, a Difference with C group, 

b Difference with ATG group. 

Control (C), Aerobic Training (AT), garlic (G) and 

Aerobic Training-garlic (ATG). 

 

 



Research article                        Journal of Sports Physiology and Athletic Conditioning. 2022; 2 (5): 1-13 

7 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

C AT G ATG

S
O

D
 (

U
.m

g
.H

b
) *

ab

*

ab
*

a

In addition, the results of within-group 

comparison showed a significant increase in the 

average SOD levels in AT (P=0.036), G 

(P=0.031) and ATG (P=0.0001) groups (Fig 3). 

Data analysis using covariance test showed that 

there is a significant difference in the amount of 

SOD changes between different groups 

(P=0.0001). The results of Benferroni's post hoc 

test showed that there is a significant difference 

between group C with AT (P=0.027), G 

(P=0.045) and ATG (P=0.0001); and also, 

between ATG group with AT (P=0.042) and G 

(P=0.023) (Fig 3). 

 

Figure 3: Changes in serum SOD levels in different 

groups using t test and ANCOVA test (p<0.05 level). 

*Difference with pre-test, a Difference with C group, 

b Difference with ATG group. 

Control (C), Aerobic Training (AT), garlic (G) and 

Aerobic Training-garlic (ATG). 

 

 

Among the other results of this research, using 

the within-group test, there was a significant 

increase in the average CAT levels in groups AT 

(P=0.015), G (P=0.014) and ATG (P=0.0001) 

(Fig 4). Data analysis using covariance test 

showed that there is a significant difference in 

the amount of CAT changes between different 

groups (P=0.0001). The results of Benferroni's 

post hoc test showed that there is a significant 

difference between group C with AT (P=0.027), 

G (P=0.022) and ATG (P=0.001); and also, 

between ATG group with AT (P=0.006) and G 

(P=0.003) (Fig 4). 
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Figure 4: Changes in serum CAT levels in different 

groups using t test and ANCOVA test (p<0.05 

level). 

*Difference with pre-test, a Difference with C 

group, b Difference with ATG group. 

Control (C), Aerobic Training (AT), garlic (G) and 

Aerobic Training-garlic (ATG). 
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The results of the present study showed that AT 

in women with high blood pressure was 

associated with a decrease in the serum level of 

MDA and an increase in SOD, GPx and CAT. 

Oxidative stress plays a key role in the 

pathophysiology of hypertension (10). The 

importance of redox imbalance in hypertension 

has also been demonstrated in many 

population-based studies. Persistent 

accumulation of free radicals due to impaired 

redox homeostasis negatively affects vascular 

function, thus contributing to the initiation and 

progression of hypertension (21). Clinical 

studies of hypertensive patients showed that 

SBP and DBP were positively correlated with 

oxidative stress biomarkers and negatively 

correlated with antioxidant levels. Decreased 

antioxidant activity (SOD) and increased levels 

of lipid peroxidation (MDA) may contribute to 

oxidative stress in human hypertension (22). 

Naregal et al. (2017) found that plasma MDA 

levels were significantly increased and SOD 

antioxidant activity was decreased in elderly 

hypertensive subjects compared to healthy 

subjects (23). In addition, some studies have 

shown that exercise may be able to reduce 

oxidative damage and increase the clearance of 

reactive aldehydes in patients with 

hypertension (23). In line with the present 

study, Wu et al. (2021) showed that 12 weeks of 

AT in adult women increased SOD, TCA and 

decreased MDA (24). Park et al. (2017) also 

stated that 15 sessions of AT with low to 

moderate intensity led to positive effects on 

blood lipid profile, blood pressure, level of 

blood inflammatory markers and oxidative 

stress in women over 70 years old (25). 

Also, Dantas et al. (2016) showed that exercise 

increases TAC levels and decreases MDA and 

mean blood pressure in elderly hypertensive 

women (26). In the present study, the decrease 

in MDA concentration was associated with an 

increase in GPx. GPx, an antioxidant enzyme 

responsible for the degradation of lipid 

peroxides, protects the cell membrane against 

peroxidative damage. Therefore, the decrease in 

MDA concentration is probably due to the 

increase in GPx activity (15). Previous studies 

have shown that AT is effective in reducing ROS 

and increasing adaptation to oxidative stress by 

increasing the level of antioxidants in 

hypertensive subjects (10). It has also been 

reported that by increasing the frequency of 

exercise to four days a week or more, markers 

of oxidative stress improve in people with high 

blood pressure who participate in walking (27). 

Among the other results of the current study, 

there was a significant decrease in MDA and an 

increase in SOD, GPx and MDA following the 

consumption of garlic in obese adult women. In 

a study, Seo et al. (2012) showed that a 12-week 

diet of garlic extract combined with regular 

exercise reduced body weight, body mass index, 

total cholesterol, LDL-C, malondialdehyde and 

homocysteine levels reduced cardiovascular 

risk factors in menopause (28). Ahmadian et al. 

(2017) found that daily supplementation of 800 

mg garlic tablets for four weeks, compared to 

placebo, resulted in increased TAC 

concentrations and decreased MDA levels in 

postmenopausal women with osteoporosis 

(29). 

4. Discussion 
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The results of the present study showed that AT 

and garlic consumption improved oxidative 

stress in hypertensive and obese women, 

however, the effect of combining AT and garlic 

on oxidative stress was better. Therefore, the 

combination of these two can be used as a 

strategy to control blood pressure and oxidative 

damage caused by it in obese hypertensive adult 

women. 

 

In agreement with our study, some previous 

studies reported that garlic supplementation 

could increase TAC and decrease MDA levels (29, 

30). Allicin, diallyl disulfide, and S-allylcysteine 

derived from garlic contain redox-active 

sulfhydryl (SH) groups that act as radical 

scavengers. Also, the mechanism of the 

antioxidant effect of garlic may be involved in 

regulating the Nrf2-ARE pathway and increasing 

the activity of antioxidant enzymes (31). Nrf2 

trans-activation promotes the up-regulation of 

antioxidant genes responsible for the expression 

of antioxidant enzymes (32). In addition, in vitro 

studies have shown that garlic can protect 

endothelial cells against ROS damage by up-

regulating cellular inhibitory enzymes such as 

catalase, glutathione peroxidase, and superoxide 

dismutase (33). However, in the study of Atkin et 

al. (2016), no significant effect on oxidative 

stress markers was observed in the garlic group 

compared to the placebo group (34). Maybe the 

difference in the type of subjects caused the 

difference in the results. 

Another finding of the present study was the 

greater effect of combining AT with garlic on 

oxidative stress indices in women with high 

blood pressure. In this regard, Ghyasi et al. 

(2019) showed in an animal study that six weeks 

of exercise combined with garlic consumption 

significantly increased the levels of GPx, SOD, 

CAT and TAC (35). It was also shown that AT 

with garlic consumption improves inflammatory 

indices along with reducing systolic blood 

pressure and body composition in hypertensive 

and obese women (14). It seems that in the 

current research, the combination of exercise 

and garlic has a synergistic effect and has led to 

better results than exercise and garlic alone. 

 

Since high blood pressure disease leaves its 

effects in the long term, perhaps the length of the 

research period in the present study is another 

important limitation for the detailed 

examination of the effects of AT and garlic 

consumption on this disease. Therefore, it is 

recommended to use longer periods in 

subsequent protocols. Also, the gender and age 

of the subjects was one of the limitations of this 

study, so the results of this protocol cannot be 

generalized to other people. Finally, the 

generalizability of the results is limited due to 

the small sample size. Therefore, the results 

should be interpreted with caution. 

 

5.Conclusion  
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