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ABSTRACT 

The purpose of this study was to evaluate the correlation between exhaustive and intensive 

exercise with changes in paraoxonase-1 enzyme activity, oxidative DNA damage and the role 

of ellagic acid against possible damage. 

The study was carried out on 32 male and adult Spraque - Dawley rats at the Experimental 

Animal Research and Research Center of Afyon Kocatepe University. The experimental 

animals were equally divided into four groups. Swimming exercises were performed as acute 

exercises for once and experimental animals are made to swim in groups including two rats 

following the completion of the study and before the decapitation.  

At the end of the experiment, obtained blood samples; Paraoxonase-1 (PON-1), 

Malondialdehyde (MDA) and 8-HydroxyGuanine (8-OhdG) levels were measured to 

determine DNA damage and DNA damage was assessed by Comer (Comet) Assay method. 

As a result, PON-1 levels in rats with intense swimming training were found to be 

significantly lower (p <0.05) than the control group. MDA and (8-OhdG) levels were 

significantly higher in the swimming group than in the control group (p <0.05). As to the 

DNA damage determination by COMET analysis, DNA damage was observed in the 

swimming groups according to the control groups. When the ellagic acid groups were 

compared with the swimming groups, there was a significant increase in PON-1 levels, and 

the levels of MDA and (8-OhdG) were significantly lower than the swimming groups. The 

DNA damage was also found to be low in these groups. 
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1. Introduction 

Exercise associated with severity and duration increases the metabolic processes and oxygen 

consumption and resulting in more free radicals. Increase in free radicals can trigger lipid 

peroxidation chain reactions, exceeding antioxidant defence capacity (1,2). 

If the production of free radicals exceeds the body's antioxidant defence system, unwanted 

damages can occur. Free radicals can affect the cell, cell structure, proteins and nucleic acids 

in a negative way. 

The antioxidant status varies in size and direction depending on the type of exercise and the 

organ. Different types of exercise are known to result in different levels of oxidative damage 

(3). Acute exercise affects the antioxidant system in organs such as liver, kidney and heart (4).  

Antioxidants are compounds that can delay, inhibit or prevent the oxidation of compounds, 

trapping free radicals and reducing oxidative stress. The presence of ellagic acid in various 

commercial products giving antioxidant activity has also been reported. These molecules have 

a variety of benefits for their anti-mutagenic, antimicrobial and antioxidant properties, and 

inhibitors of the human immunodeficiency virus (HIV) (5). 

The PON1 enzyme is involved in the antioxidant defence system because it prevents the 

oxidation of lipid peroxides, which are considered to play a major role in atherogenesis. At 

the same time, lycopene is also a potent antioxidant and anticarcinogenic. 

At the same time, lycopene is a strong inflammation corrector and a vitamin with 

anticarcinogenic properties. It protects cells from free radical damage as well as enhances cell 

metabolism and strengthens the bonds between cells. 

In this study, it was investigated the correlation between the antioxidant effect of ellagic acid 

on oxidative DNA damage in rats with acute exhaustive exercise. 

 

2. Materials and Methods 

Ellagic acid was obtained from Sigma-Aldrich (Interlab, Turkey). All the other chemicals and 

reagents were of analytical reagent grade obtained from commercial sources. 

 

2.1. Experimental Protocol 



 

 

The study was performed on 32 Wistar Albino adult male rats at the experimental animal's 

centre of Afyon Kocatepe University. This study was approved by the ethical committee (ref 

no, AKU-HADYEK-450-15).   

The experimental animals were divided into 4 equal groups as 5 rats in each cage. 10 days 

prior to the study, the experimental animals under observation were allowed to adapt to the 

experimental environment. Animals were kept in 12 hours of darkness and 12 hours of light. 

During the study, all subjects were kept under equal environmental conditions and subjects 

were given standard rat feed and water ad libitum throughout the study. 

The feeding was scheduled twice at 09.00 A.M and 7.00 P.M.  

Group 1: General control group with no application. 

Group 2: Acute swimming exercise control group. 

Group 3: The group that was applied 15 mg/kg/ day Ellagic Acid (EA) EA for 4 weeks and 

performed acute swimming exercises at the end of the application. 

Group 4: The group that was applied 15 mg/kg/ day Ellagic Acid (EA) for 4 weeks and was 

not performed acute swimming exercises at the end of the application. 

2.2. Exercise Protocol 

Acute swimming exercise was performed in a thermostat glass swimming pool with a height 

of 50 cm, width 50 cm and a length of 100 cm. The pool was made of heat-resistant glass, 

which allows the water to remain constant at 36.5 ± 0.5 
o
C. Swimming exercises were 

performed as one-off acute exercises and experimental animals swam in pairs at the end of the 

study. In case the rats were suspended in the water surface, they were directed to swim with a 

thin long rod. The initiation of movements without coordination and immobilization for 10 

seconds underwater were considered as exhaustion criteria of rats (6). 

2.3. Biochemical Analyses 

2.3.1. Measurement of 8-OHdG in serum 

The serum samples were analyzed for their concentration of 8-hydroxy-2' – deoxyguanosine 

(8-OHdG) utilizing a competitive enzyme immunoassay (ELISA) kit (Cayman Chemical 

Company, Ann Arbor, MI, USA) and intra- assay and inter-assay CV were determinate 5.3% 

and 8.2 %, respectively. 

 

2.3.2. Measurement of PON-1 in serum 

Serum PON1 levels were determined by a spectrophotometric method with Rel ASSAY (Rel 

Assay Diagnostics® Clinical Chemistry Soluons/TURKEY). The working principle is as 

follows. 



 

 

Fully automated paraoxonase activity measurement method consists of two different 

sequential reagents. The first reagent is an appropriate Tris buffer and it also contains calcium 

on, which is a cofactor of PON1 enzyme. The second reagent is a new developed stable 

substrate solution. The sample is mixed with the Reagent 1 and the substrate solution is 

added. Linear increase of the absorbance of p-nitrophenol, produced from paraoxon, is 

followed at kinetic measurement mode. Nonenzymatic hydrolysis of paraoxon was subtracted 

from the total rate of hydrolysis. The molar absorptivity of p-nitrophenol is 18.290 M 
-1

 cm
-1

 

and one unit of paraoxonase activity are equal to 1 mol of paraoxon hydrolyzed per litre per 

minute at 37
o
C. 

 

2.3.3. Serum MDA levels 

Blood samples were isolated into the serum. Whole blood (MDA) was figured by utilizing the 

technique for Draper and Hardley (7). This technique depends on the coupling of MDA with 

thiobarbituric acid.  

  

2.3.4. Comet Assay in Rat Mononuclear Leukocytes 

Mononuclear leukocytes were isolated to utilize income assay. For this, the technique for 

Kocyigit et al. (8) was taken after. In this technique; heparinized blood samples were spilt into 

histopaque 1077 on the test tubes and after shaping a small layer the test tubes were 

centrifuged at 2100 rpm for 30 min [25ºC]. From that point forward, the centre layer (contains 

mononuclear leukocytes) was moved into 1 mL of salinized phosphate buffer(PBS) (pH 7.4) 

and blended with it. At that point, this mixture was again centrifuged at 1600 rpm for 10 min 

(25ºC). After releasing the supernatant, the pellet was diluted as including 106 mm
3
 by PBS 

(pH 7.4). After that, leukocytes were blended with 100 μL of 0.5% low-melting agarose in 

PBS at 37ºC. In this way, 80 μL of this mixture was layered onto a slide pre-covered with a 

thin layer of 1% normal melting point agarose, secured quickly with a coverslip and put away 

for 5 min at 4ºC to permit the agarose to harden. Subsequent to evacuating the cover-slips, the 

slides were drenched in newly prepared cool (4ºC) lysing solution (2.5 M NaCl, 100 mM 

EDTA-Na2; 1%. 

 

2.4. Statistical Analyses 

Data got from test animals were stated as means and standard deviation of means (±SD) and 

analyzed using one-way analysis of variance (ANOVA), trailed by Duncan posthoc tests on 



 

 

the SPSS (18.0] software computer program. A distinction in the mean values of p<0.05 was 

thought to be significant. 

 

3. Results 

3.1. PON-1 and MDA levels 

As a result of the analyzes, PON-1 levels in swimming groups were found significantly lower 

(p <0.05) and MDA levels (p <0.05) were found to be significantly higher (p <0.05) compared 

to the control groups. When the ellagic acid groups were compared with the swimming 

groups, serum PON-1 levels were significantly (p <0.05) increased and MDA levels 

decreased significantly (p <0.05). The results are given in Table-1. 

Table 1. a,b,c In the same column values with different letters show statistically significant differences in blood MDA, PON-1 and  

8-OhdG levels(p<0.05).Mean±SD: Standard Deviation 

 8-OhdG blood 

(ng/ml) 
MDA (nmol/ml) PON-1 U/L 

Control 4,68±0,31
a
 0.36±0.01

a
 0.96±0.02

a
 

Swimming 9,84±0,26
b
 0.93±0.02

b
 0.42±0.04

b
 

Ellagic acid 4,78±0,39
a
 0.37±0.02

a
 0.97 ±0.02

a
 

Ellagic acid 

+swimming 

6,12±0,27
c
 0.51±0.04

c
 0.67±0.03

c
 

 

3.2. 8-OHdG levels and DNA damage 

Serum 8-OHdG levels were significantly higher in swimming groups than in the control group 

(p <0.05). When the ellagic acid groups were compared with the swimming groups, 8-OHdG 

levels were significantly lower (p <0.05). The results are shown in Table 1. 

The DNA damage was detected in mononuclear leukocytes of rats and demonstrated in Table 

2. In Swimming group, DNA damage levels were observed to be high level compared to the 

control group (p < 0.05). Ellagic acid has diminished DNA damage in the exhaustive exercise 

group. 

 

 

 

Table 2.  Effects of Ellagic acid DNA damage levels in blood samples 

Group 
DNA damage 

(Arbitrary Unit ±SD)* 

Control 7.87±1.64
a
 

Swimming 18.12±1.8
b
 



 

 

Ellagic acid 2.37±0.91
c
 

Ellagic acid +swimming 13.37±1.4
d
 

* In the same column values with different letters show statistically significant differences in blood 

DNA damage levels (p<0.05). SD: Standart Deviation  

 

4. Discussıon 

It is known that exercise increases the production of free oxygen radicals and it is a source of 

stress which causes oxidative stress. However, it is known to improve resistance against 

oxidative stress by affecting antioxidant enzyme activity (9). If free radicals are not 

neutralized, they can cause serious damage to the body by breaking down cell membrane 

proteins, destroying membrane lipids, hardening cell membrane and blocking cell function, 

passing nuclear membrane, affecting the genetic material in the nucleus and breaking the 

DNA and making it open to mutations, destroying immune system and forcing the immune 

system (10). In many studies (11), the effects of exercise time on this condition have been 

demonstrated. The rate of oxidant and antioxidants that will be released during exercise varies 

with exercise intensity (11). In acute exhausting (heavy) and severe exercises, the damaging 

oxidant system is more active, (12), (13) while regular and short-term non-maximal exercises 

further activate the antioxidant systems (14). The extent of oxidative damage during physical 

exercise is not only determined by free radical production but also by the defence capacity of 

antioxidants. Increases in exercise result have been shown in many antioxidant studies (15). 

When the studies investigating the effect of exercise on oxidative stress and antioxidant 

system, it is seen that mostly aerobic exercise forms are used (16,17). The purpose of our 

study is to determine the degree of oxidant and oxidant DNA damage in rats with acute 

exhaustive exercise and to determine the success of ellagic acid in preventing this damage. 

Therefore, PON-1 enzyme levels, MDA levels and oxidative stress were found in rats. 8-

OHdG levels which are an indicator of oxidative DNA damage due to oxidative stress and 

DNA damage levels in the cells with Comet Assay were investigated. 

According to our results, high levels of MDA levels and PON-1 enzyme activity, which is a 

marker of oxidative stress, are thought to be associated with acute swimming exercise and an 

oxidative stress condition.  In other studies, MDA is thought to cause oxidative stress and 

increase lipid peroxidation reactions in proportion to the intensity and duration of the 

exercise. 

Conflicting results with MDA have been reported. It has been reported that at least some of 

the differences in MDA levels may be due to the change in plasma volume of exercise (18). 



 

 

Alessio et al. (19) reported that MDA did not change in aerobic exercise. Duffaux et al. (20) 

reported that MDA did not show a significant increase in physical education and sports 

students after an intensive running test. Leaf et al. (21) reported that MDA did not change 

before and after maximal exercise. Grisham (22) found no significant difference in MDA in 

acute exercise. Dernbach et al. (23) reported that there was no change in plasma MDA levels 

in the rest of the athletes before and after 4 weeks of intensive rowing. Selamoğlu (24) found 

a statistically significant decrease in MDA in long-distance runners. Çelik et al. (25) reported 

a decrease in MDA levels after the acute exercise performed by football players (p <0.05). 

When the literature is examined, there are many studies that show that short-term or acute 

intense exercise increases oxidative stress. 

HDL-dependent PON protects LDL from oxidation. Increasing LDL oxidation by the addition 

of PON inhibitors depends on both PON inactivation and incorporation of HDL lipids into 

total lipid peroxide formation (26). Because of its dependence on HDL, the main task of in 

vivo serum PON is to protect HDL from the harmful effects of oxidative stress. Therefore, 

many studies have shown that HDL-dependent PON inhibits not only LDL oxidation but also 

HDL oxidation (when oxidation is induced by transition metal ions and free radicals) (27). 

This effect depends on the ability of PON to hydrolyze lipoprotein-mediated peroxides. In our 

study, we found that PON-1 serum activities of rats treated with acute swimming were 

significantly decreased compared to the control groups. The decrease in PON-1 activity, an 

important antioxidant enzyme, indicates the presence of oxidative stress. 

At the same time, serum 8-OHdG levels, which are indicators of oxidative DNA damage, 

increased significantly in acute exercise compared to the control group and the presence of 

DNA damage in these groups was also determined. Our findings are consistent with previous 

studies (28). Fıçıcılar et al.29 reported that acute exhaustive exercise significantly reduced 

TAS value in a study on rats. In a study that investigated the effects of melatonin and ascorbic 

acid on DNA damage and oxidative stress in rats with intense exercise stress; It was 

determined that exercise increased TOS levels and DNA damage. 

Ellagic acid is a substance with antimutagenic, anti-carcinogenic and antioxidant activity and 

is found naturally in the phenol structure in plants. Khanduja et al. found that GSH enzyme 

activity increased in rats treated with ellagic acid and explained this increase by claiming that 

ellagic acid could regenerate oxidized glutathione and increase GSH synthesis (30). In many 

similar studies, polyphenols have been reported to increase the activity of many antioxidants 

such as catalase, GSH-Px and SOD (31,32). 



 

 

In our study, swimming groups with ellagic acid were observed to have decreased levels of 

MDA and increased PON-1 levels when compared to the groups with acute swimming 

exercises alone, suggesting that these results showed that they had antioxidant properties and 

protective properties against oxidative stress. These results suggest that ellagic acid has 

antioxidant properties and shows protective properties against oxidative stress. In addition, it 

is another result of our study that the increased DNA damage markers in the swimming group 

decreased with the ellagic acid group.  

According to our results, an oxidative stress condition occurred in rats with acute exhaustion 

exercise and oxidative DNA damage was detected. Protective effect of ellagic acid 

supplementation against damage was revealed. Further studies are needed to understand the 

mechanisms by which ellagic acid exerts its action to reduce oxidative DNA damage. 
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