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Abstract 

Background and Purpose: The aim of this study was to determine the effect of acute aerobic exercise and 

14-days grape seed extract supplementation on total antioxidant capacity, lipid peroxidation and muscle cell 

damage biomarkers in untrained males. 

Materials and Methods: In a randomized, double-blinded, and placebo-controlled study, twenty-two male 

students (age 19±1 years, weight 67.44±7 kg, BMI 22±2, V̇O2max 39±2 ml/kg-1/min-1) were randomly 

assigned to two groups of grape seed extract and placebo (PLA) (GSE: 200 mg/day for two weeks). After 

subsequent 14-days of supplementation, subjects did a single session of aerobic exercise (running) on 

treadmill at 75% VO2max for 30 minutes. Blood samples were taken 3 times: prior to supplementation 

(baseline), 14-days after supplementation, and immediately after exercise (post-exercise). Total antioxidant 

capacity (TAC), malondialdehyde (MDA), creatine kinase (CK), lactate dehydrogenase (LDH) and lactate 

were measured. TAC was determined by ABTs method. The collected data were then analyzed by running 

analysis of variance (ANOVA) with repeated measure and Bonferroni post-hoc tests as appropriate using 

SPSS17 at p<0.05. 

Results: Malondialdehyde, CK, LDH, Lactate were significantly increased after aerobic exercise (p<0.05). 

Short-term GSE supplementation significantly prevented MDA and CK cascade after exercise compared to 

PLA (p<0.05) but, it had no significant effect on basal parameters (p>0.05). The exercise had also no 

significant effect on total antioxidant capacity in any of the groups (p>0.05). 

Conclusion: Aerobic exercise could increase blood oxidative stress biomarkers and GSE supplementation, 

due to influential antioxidant effect; yet, it could attenuate exercise-induced oxidative stress in men. 
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1. Introduction  

In recent years, comprehensive research 

indicates that exercise exacerbates the 

generation of reactive oxygen (ROS) and 

other free radicals (1, 2). Free radicals have 

been implicated over a hundred disease 

conditions in humans, including arthritis, 

atherosclerosis, advancing age, Alzheimer 

and Parkinson’s disease (3, 4). The 

generation of main types of free oxygen 

radicals, such as superoxide radical, 

hydroxyl radical, hydrogen peroxide 

radical, and single oxygen occurs regularly 

as part of normal cellular metabolism (5). A 

cascaded of free radicals has been 

demonstrated following both intense 

aerobic and anaerobic exercise (6). Under 

normal physiological conditions, various 

intensities and durations of aerobic exercise 

are major sources of free radical generation 

with an increase in oxygen consumption 

(VO2), and is ultimately used for ATP 

production (7, 8) and water in the 

mitochondria. This increased oxygen flux 

through the mitochondrial respiratory chain 

contributes to an increased production of 

free radicals (9). During exercise, oxygen 

consumption may increase up to 10-20 fold 

in the whole body while it may reach 100 

times in active muscles compared to the 

resting condition. Therefore, it has been 

confirmed that contracting muscles produce 

ROS (8-10). 

Overall, exercise can cause an imbalance 

between ROS generation and antioxidant 

activity, a situation known as the oxidative 

stress state with cell damages in cellular 

lipids, proteins, or DNA, and it can inhibit 

their normal function (8, 11-13). It has been 

shown that moderate and high-intensity 

aerobic exercise, as a physiological 

stressor, could increase generation of free 

radicals and outbreak oxidative stress (7, 

11, 14). 

The assessment of total antioxidant 

capacity (TAC) is an established 

methodology of coincident measurement of 

various indices of antioxidant defense 

system (15). Several studies suggested that 

aerobic endurance training can raise the 

level of TAC in trained and untrained 

individuals. However, measurement of 

TAC itself can lay out limited information 

about the antioxidant status as TAC assays 

are not capable of measuring all antioxidant 

component (11). One of the mostly-used 

methods implemented to indicate exercise-

induced oxidative damage regarding 

aerobic exercise is the assessment of lipid 

peroxidation, with malondialdehyde 

(MDA) (16). Goldfarb et al. (17) showed 

that MDA levels increased in both genders 

in response to exercise with 80% V̇O2max 

for 30 min. Furthermore, MDA levels 

during exercise have been correlated with 

some muscular cellular damage markers, 

such as creatine kinase (CK) and lactate 

dehydrogenase (LDH) (18-20). Previous 

studies have indicated the rise of CK (18, 

21, 22) and LDH as markers of muscle cell 

damage and MDA (17, 21, 23), as 

biomarker of oxidative stress and lipid 

peroxidation following aerobic exercise. 

Several studies have also demonstrated that 

aerobic exercise elevates lactate 

concentration as muscle fatigue index (21, 

24, 25). Nevertheless, free radicals are 

neutralized by a specified antioxidant 

defense system which consists of enzymes, 

such as catalase, superoxide dismutase, 

glutathione peroxidase, and numerous non-

enzymatic antioxidants, including 

glutathione, ubiquinone, flavonoids, 

vitamins C, A and E (2, 26).  

Recently, numerous studies have revealed 

the antioxidant effects of plant extracts 

(27). One of these natural extracts is the 
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grape seed extract (GSE) which has various 

medicinal characteristics (28). Grape seed 

extract is a rich source of plant flavonoids 

and proanthocyanidin oligomers (29). The 

polyphenols in grape seeds are mainly 

flavonoids including gallic acid, 

epicatechin, the monomeric flavan-3-ols 

catechin, epicatechin 3-O-gallate, 

gallocatechin, epigallocatechin and 

procyanidin dimers, trimers, and more 

highly polymerized procyanidins. They 

also exhibit a strong antioxidant activity 

(30). Grape seed extract is highly 

bioavailable and provides significantly 

greater protection against free radicals and 

free radical induced lipid peroxidation and 

DNA damage than b-carotene, vitamin E 

and vitamin C (3, 31, 32). 

GSE has been proved to have an 

antioxidant effect in numerous studies, but 

there are limited studies following the 

impact of concomitant aerobic exercise and 

supplementation with GSE. In this respect, 

for example, Taghizadeh et al. (1) and 

Belviranli et al. (33) demonstrated that GSE 

supplementation can alleviate exercise-

induced oxidative stress by preventing lipid 

peroxidation and increasing antioxidant 

enzyme activities. In general, given what 

has been said, intense aerobic exercise can 

increase the production of reactive oxygen 

species (ROS) and other free radicals, 

leading to exercise-induced oxidative 

stress. In contrast, the use of natural 

antioxidant supplements of plant origin, 

such as grape seed extract, is one of the 

methods that has been proposed to 

counteract and reduce the adverse effects of 

oxidative stress. Thus, considering the 

studies with little information in this regard, 

the current study aimed at investigating the 

effect of two-week grape seed extract 

supplementation, as a powerful antioxidant, 

on the possible reduction of oxidative and 

cellular damage caused by acute aerobic 

exercise. 

2. Materials and methods 

The current study was a randomized, 

double-blinded, and placebo-controlled 

trial involving young males. Twenty-two 

untrained male collegiate students (age 

19±1 years, weight 67.44±7 kg, body fat 

12±3%, BMI 22±2, V̇O2max 39±2 ml/kg-

1/min-1) were randomly recruited to 

participate in the present study (Table 1). 

The sample size was estimated based on 

previous similar studies (14). Following the 

invitation to participate in the present 

research project, 22 subjects were selected 

from among the volunteers. All participants 

were advised on the purposes of the study 

and attendant risks, and they subsequently 

completed a health history questionnaire 

and informed consent. The participants 

were healthy, with no history of regular 

exercise for at least six months, and 

consumed any supplements, such as 

vitamins, minerals or medications that 

might have affected oxidative stress 

markers before the exercise session. The 

study protocol and the procedures 

conformed to the ethical guidelines of 

the 1975 Declaration of Helsinki as 

reflected in a prior approval by the 

institution's human research committee by 

the Tabriz University of Medical Sciences 

Ethical Committee (IRCT 

2013081614371N1). 

Briefly, at least 10-days prior to the 

supplementation period, the participants 

performed preliminary Bruce treadmill-

based tests to determine maximal oxygen 

consumption (V̇O2max). In addition, the 

physiological characteristics of all 

participants were measured. Then, they 

were randomized in a double-blind manner 

to either a supplement (n=10; 100 mg/12 h; 
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GSE) and/or placebo groups (n=12; 100 

mg/12 h; PLA). The standardized grape 

seed extract (GSE) and PLA capsules were 

provided by Drug Applied Research 

Center, Tabriz University of Medical 

Sciences (34). In short, grape seeds (Vitis 

vinifera) were washed with water and 

chopped, the raw extract was divided 

between H2O and n-hexane for removing 

lipoid components. Next, GSE was 

provided by utilizing ethanol 95% and 

water (water/ethanol, 30/70) as solvents 

with mechanical agitation for 2 to 3 hours. 

This process was constantly repeated twice. 

After that, the organic solvent was 

evaporated and remaining dried extract was 

kept at 4 °C for experimentation (35).   

The first blood samples (5 ml) were taken 

via venipuncture from the antecubital vein 

(baseline), and the participants received 

either 100 mg of PLA, and or 100 mg of 

GSE per 12 h. After 14-days 

supplementation period, the second blood 

samples were taken before exercise 

protocol (pre-exercise). Then, after 10-min 

warm-up (consisting of stretching and 

running on a treadmill), all subjects 

participated in aerobic exercise protocol 

with 75% V̇O2max on a treadmill for 30-

min. The last blood samples were taken 

immediately after the exercise protocol 

(post-exercise). The blood samples 

centrifuged for 10-min at 3000 rpm. The 

serum samples were stored at −70°C until 

the analysis of total antioxidant capacity 

(TAC), malondialdehyde (MDA), creatine 

kinase (CK), lactate dehydrogenase (LDH) 

and lactate in laboratory. 

 
Table 1. Participants characteristics in grape seed extract supplement (GSE) and placebo (PLA) 

groups, N=11 /group. (p<0.05) 

Characteristics GSE PLA 

Age (ears) 19.07±0.77 19.22±0.88 

Height (Cm) 174±12 172±14 

Weight (kg) 68.08±7.44 66.85±7.55 

Body fat (%) 12.00±2.85 12.73±2.97 

BMI (kg/m2) 22.03±1.83 22.38±1.42 

V̇O2max (ml/kg-1/min-1) 39.21±1.60 39.35±1.26 

Total antioxidant capacity was measured 

using a colorimetric assay (Randox 

Laboratories Ltd, Crumlin, U.K.). In this 

method, ABST is incubated with 

methemoglobin (as peroxidase) and 

hydrogen peroxide to produce cation 

radicals ABST. This radical is in greenish 

blue color, relatively stable, and measurable 

at 600 nm wavelength. Antioxidants in 

samples were reduced, and color intensity 

was formed, which was proportional to its 

concentration in the sample (36). Serum 

malondialdehyde levels were measured 

based on the reaction with thiobarbituric 

acid (TBA). The extraction was performed 

with normal butanol, the measurement was 

done using a spectrophotometer, and the 

absorption was compared with the standard 

curves. Serum levels of CK and LDH were 

measured by commercial assay kits 

(Randox, U.K.) using an auto analyzer 

apparatus. Serum level of lactate was also 

determined using commercial kit (Giesse, 

Italy) and auto analyzer. All analyses were 

performed in accordance with the 

manufacturers’ recommendations. 

Values are expressed as the mean±SD. The 

distribution of all variables was examined 
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using the Shapiro-Wilk test for normality. 

Afterwards, Mauchly’s test of sphericity 

was checked and the collected data were 

assessed by the analysis of variance 

(ANOVA) with repeated measures and 

Bonferroni Post-Hoc test as appropriate 

through SPSS15, and p<0.05 was 

considered significantly meaningful (Table 

2). 
 

3. Results 

Descriptive characteristics of the subjects in 

GSE and PLA groups are presented in Table 

1. The baseline resting serum TAC levels 

was not different between groups 

(0.95±0.17 vs. 0.98±0.15 mmol/ml, 

p>0.05). After two-week supplementation, 

serum TAC levels increased in GSE, but not 

significantly (0.97±0.12 vs. 0.96±0.18 

mmol/ml, p>0.05). The total antioxidant 

capacity increased immediately after 

exercise in both groups was negligible, and 

not again significant (1.01±0.14 vs. 

0.98±0.21 mmol/ml, p>0.05) (Table 2). 

 

Table 2. Effect of time and intervention, and their interaction on measured variables (TAC, MDA, 

CK, LDH and Lactate) assessed by repeated measurements ANOVA 

Variables 

 

Source Sum of 

Squares (SS) 

df Mean 

Square 

(MS) 

F Sig 

CK 

)IU/l) 

Between-Subjects 

Group 100.91 1 100.91 0.059 .801 

Error 34129.28 20 1706.64   

Within-Subjects 

Times 14234.02 2 7117.01 3.98 0.027 * 

Times*Group 3609.84 2 1837.02 1.00 0.372 

Error 71520.36 40 1788.00   

 

LDH 

(IU/l) 

Between-Subjects 

Group 174.02 1 174.02 0.59 0.801 

Error 58528.33 20 2926.41   

Within-Subjects 

Times 17782.52 2 9267.24 11.770 0.000 * 

Times*Group 475.85 2 247.99 0.315 0.723 

Error 30216.77 40 787.41   

 

MDA 

(nmol/ml) 

Between-Subjects 

Group 1.34 1 1.34 1.26 0.275 

Error 21.24 20 1.06   

Within-Subjects 

Times 3.79 2 1.97 7.53 0.002 * 

Times*Group 1.66 2 0.86 3.30 0.049 * 

Error 10.06 40 0.262   

 

TAC 

(mmol/l) 

Between-Subjects 

Group 0.01 1 0.01 .007 0.935 

Error 1.50 20 0.07   

Within-Subjects 

Times 0.017 2 0.012 1.36 0.267 

Times*Group 0.009 2 0.006 0.698 0.460 

Error 0.245 40 0.006   

 

Lactate 

(mmol/l) 

Between-Subjects 

Group 0.001 1 0.001 0.003 0.955 

Error 3.14 20 0.157   

Within-Subjects 

Times 4.39 2 2.19 25.14 0.000 * 

Times*Group 0.026 2 0.018 0.150 0.799 

Error 3.49 40 0.117   

      * Significant (P < 0.05) 
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Baseline serum MDA concentration was 

not different between groups. 

Malondialdehyde levels also elevated 

protocol in both groups that resulted in a 

significant increase in PLA (3.43 ± 0.35 vs. 

4.16 ± 0.80 nmol/ml, p<0.05) (Figure 1).

Figure 1. Serum MDA baseline, before and after exercise. Results are presented as means ± SD. ∗ Indicates 

significant differences between pre-test and post-test (p<0.05). PLA: Placebo, GSE: grape seed extract. 

The blood CK concentration for the study 

groups is shown in Figure 2. As indicated 

there, creatine kinase increased 

immediately after aerobic exercise in both 

groups, whereas the amount of CK 

significantly increased after exercise, only 

in the PLA group (151±33 vs. 174±46 U/L, 

p<0.05). 

 
Figure 2. Serum CK baseline, before and after exercise in study groups. Results are presented as means ± SD. ∗ 

Indicates significant differences between pre-test and post-test (p<0.05). PLA: Placebo, GSE: grape seed extract. 

Serum lactate dehydrogenase (LDH) 

concentration is shown in Figure 3. The 

findings showed that the baseline serum 

LDH was not different between groups, and 

lactate dehydrogenase concentrations 

significantly increased immediately after 

exercise in both groups (p<0.05). However, 

there were no significant differences 

between the LDH concentrations in both 

groups after the exercise protocol (295±46 

vs. 292±43 U/L, p<0.05). 
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Figure 3. Serum LDH baseline, before and after exercise. Results are presented as means ± SD. ∗ indicates 

significant differences between pre-test and post-test in both groups (p<0.05). PLA: Placebo, GSE: Supplement.  

Also, the blood Lactate concentration for 

study groups is shown in Figure 4. Serum 

Lactate concentrations elevated 

immediately after exercise in both groups 

(p<0.05), but, as illustrated in the figure, 

there were no detectable differences 

between PLA and GSE (1.46±0.54 vs. 

1.41± 0.4 mmol/L, p>0.05). 

 

Figure 4. Serum Lactate baseline, before and after exercise. Results are presented as means ± SD. ∗ Indicates 

significant differences between pre-test and post-test in both groups (p<0.05). PLA: Placebo, GSE: Supplement. 

4. Discussion 

The main purpose of this study was to 

examine the effect of aerobic exercise 

protocol with 75% V̇O2max, and short-term 

grape seed extract supplementation on lipid 

peroxidation (MDA), muscle cell damage 

(LDH, CK) and muscle fatigue response in 

the serum of untrained young males. 

Generally, measurement of the body 

antioxidant capacity is utilized as a marker 

of oxidative stress (16). Previous studies 

have indicated that aerobic exercise with 

various protocols could accompany with 

changes to cause increase (14, 37, 38) or 

decrease (22, 23, 39) in TAC levels. For 

example, Babaei et al. (23) reported that 

after 30-min aerobic exercise, TAC 

decreased significantly as compared to pre-

exercise. In contrast, Taghizadeh et al. 

showed  that the administration of GSE had 
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no significant effect on creatine 

phosphokinase (CPK) and total antioxidant 

capacity (1). 

In the present study, TAC had no significant 

alterations after exercise as compared to 

pre-exercise in both groups. This suggests 

that GSE supplementation had no 

significant effect on TAC level. These 

findings were in agreement with Kar et al. 

(40) and Taghizadeh et al. (1) but not with 

Natella et al (41). The differences between 

dose and duration of GSE supplementation 

to ameliorate antioxidant capacity, type of 

the participants, and their characteristics 

may be among the possible reasons for the 

contradictions in studies.  

Peroxidation measurement of membrane 

lipids or fatty acids is a basic approach to 

study oxidative stress (11). Production of 

free radicals during exercises has an 

important role in lipid peroxidation and 

muscle damage (42). In this study, a drastic 

increase was observed in lipid peroxidation 

marker (MDA) after 30-min of aerobic 

exercise in PLA. This finding was in line 

with the finding of Skishahr et al. (21) and 

Goldfarb et al., (17) and inconsistent with 

Bloomer et al. (43).  

In comparison to PLA, supplementation 

with GSE significantly prevented MDA 

increase after exercise (Figure 1). The 

results of the present study were found to be 

in agreement with those of Sano et al. (44) 

and Natella et al. (41). Grape seed extract 

may decrease the content of MDA levels 

and cellular membrane damage by 

improving the activity of specific 

antioxidant enzymes, such as SOD, and 

GSPx (45) and also, free radical scavenging 

ability (3).  

It was also reported that the marker of 

muscle damage (CK) increased 

immediately after aerobic exercise in both 

groups (21). Creatine kinase is an indicator 

of muscular cellular damage that can also be 

considered as indirect markers of oxidative 

stress because lipid peroxidation induces 

damage of cellular membranes (11). 

Moreover, elevation of serum CK may be 

due to disruption of Z-disk in muscle fiber 

structures, which can then result in the 

leakage of this protein into the circulation. 

This efflux relates to the raise in ROS-

induced membrane permeability of the 

muscle cells (8, 23). Supplementation with 

GSE, as compared to PLA, significantly 

prevented CK elevation after exercise 

which is in agreement with the results 

reported by Saada et al. They indicated that 

pre-irradiation GSE administration 

significantly decreased radiation-induced 

oxidative stress in heart tissues, which was 

substantiated by a significant amelioration 

of serum lactate dehydrogenase (LDH), and 

creatine kinase (CK) activities. It seems that 

any reduction in CK was most likely related 

to blunting MDA by GSE pretreatment 

(46). 

The extent of muscle cell damage can be 

estimated by following a variety of 

enzymes released by the disrupted cells into 

blood (47). Lactate dehydrogenase is an 

enzyme that increases in blood after aerobic 

and anaerobic exercise (48-50). The results 

of the present study showed that the LDH 

levels were significantly increased after 

aerobic exercise in GSE and PLA groups. It 

seems that short-term supplementation (14-

days) with GSE had no effect on LDH level 

as a muscle damage marker. 

Several studies have indicated that exercise 

at various intensities and duration increased 

lactate concentration as a muscle fatigue 

parameter (21, 24, 51, 52). Furthermore, 

muscle fatigue may be associated with 

increased free radicals in skeletal muscle 

fibers (39). In the present study, a drastic 

increase was observed in lactate 
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concentration after the exercise protocol in 

both groups (Figure 4). 

These results were found to be in line with 

the findings of Sachek et al. (24) and 

Buttner et al. (51). Therefore, it was 

suggested that GSE supplementation had no 

significant impact on lactate concentration. 

However, there were inadequate studies 

regarding the effect of GSE 

supplementation on exercise-induced 

oxidative stress. 

In conclusion, short-term supplementation 

with the grape seed extract (100 mg per 12 

hrs), before exercise could significantly 

attenuate MDA level, CK activity, and 

exercise-induced oxidative stress in 

untrained young males, but has no effect on 

LDH level as a muscle damage marker. 

However, more studies are needed to draw 

a complete conclusion. 
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