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Background: Heavy exercise cause muscle damage associated with very-high production 
of free radicals. The aim of this research was to evaluate the effect of acute and 14-day 
coenzyme Q10 supplementation on oxidative stress and muscle damage indicator in elite 
male middle-distance runners. 
Materials and Methods: In this experimental study, 18 male runners in a randomly and 
double-blind design were allocated in two equal groups: supplement Q10 group (N=9, 
coenzyme Q10: 5 mg/kg/day) and placebo group (N=9, dextrose: 5 mg/kg/day). Before 
and after supplementation acute and 14 days period (first and 14th day supplementation), 
all subjects were participated in a training like running (competitive 3000 meters). Blood 
samples were obtained in the 4 phases: one hour before and 18-24 h after two running 
protocols. Malondialdehyde (MDA), total antioxidation capacity (TAC) and lactate 
dehydrogenase (LDH) were analyzed. 
Results: Acute (1 day) and 14 days (short-term) coenzyme Q10 administration have not 
significant effect on basal parameters. The 14 days coenzyme Q10 supplementation 
induced increase of the basal plasma total anti-oxidative capacity (p <0.05). The short-
term coenzyme Q10 supplementation attenuated the exercise-induced increase in response 
of MDA in male group Q10 (p<0.05). However, the acute and short-term coenzyme Q10 
supplementation had not any significant effect on the exercise-induced increase response 
of total serum LDH. 
Conclusion: This research suggests that the 14-day coenzyme Q10 supplementation is 
more effective than the acute supplementation to overcome the exercise-induced adverse 
responses in some oxidative, and biochemical parameters. Therefore, short-term coenzyme 
Q10 supplementation is recommended to reduce exercise-induced adverse consequences. 
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         Introduction 

n the past decade, high-intensity competitive sports 
such as the marathon; long-distance running, middle-
distance running and triathlon are becoming 

progressively popular around the world [1-3]. The 
vigorous exercise-induced muscle damage has been 
associated with a high degree of oxidative stress [4, 5]. 
Thus, this damage may be reduced by optimizing 
nutrition, especially by increasing the dietary content of 
oral antioxidants [5, 6]. Oxidative stress and its 
consequences results the damage of biological 
components, e.g. proteins, lipids and genetic elements, 
and is related to the prevalence of some diseases [3, 7]. 
Therefore, it is important to increase antioxidant capacity 
in tissues to scavenge reactive oxygen species  (ROS) 
produced by strenuous exercise. Recent studies suggests 
that supplementation of certain antioxidants are 
practicable for physically active individuals to prevent 
exercise-induced muscle damage and recover from 
tiredness faster  [3, 7]. Supplementation of exogenous 
antioxidants, such as vitamin C, vitamin E, and 
carotenoids, has prevented intense exercise-induced 
oxidative damage in humans and rats [1, 3, 8, 9]. 

Influence of coenzyme Q10 (CoQ10) supplementation on 
exercise-induced muscle damage and oxidative stress has 
been examined in rats and in humans, however the 
existing data are limited and inconsistent [3, 10, 11].  
Besides, the effect of CoQ10 supplementation on 
vigorous exercise-related oxidative stress has been 
unknown. 

Coenzyme Q10, a component of the electron transport 
chain in mitochondria is essential for ATP synthesis, 
especially in tissues with high metabolic demand such as 
muscle tissue during intensive exercise. CoQ10 acts as a 
redox electron transporter in the mitochondria [5, 12]. For 
many years, this mitochondrial component has been used 
as a dietary supplement intended to improve optimal 
health by trapping free radicals and the interest for this 
molecule comes from the fact of this role as a redox link 
in the mitochondrial electron transport chain, where also 
has important antioxidant properties under lipophilic 
conditions [5]. The data available have provided a direct 
link between physical performance and blood and muscle 
tissue CoQ10 levels [5, 13]. However, most of these 
studies are focused mainly in the exercise performance 
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and radical-scavenging activity of CoQ10 during low-
intensity exercise [5, 13], being scarce the studies about 
the influence of CoQ10 supplementation during the 
performance of high-intensity strenuous exercise, 
oxidative stress and muscle damage [5]. Therefore, the 
purpose of this study was to determine the effect of 
supplementation acute (one day) and short-term (14 days) 
CoQ10 supplementation (5 mg/kg/day) on the heavy 
exercise-induced muscle injury and oxidative stress in the 
middle-distance (following a competition run 3000 
meters). 
 
Materials and Methods 
 

In this experimental study, 18 male middle-distance 
runners (aged 19.9±2.64 years; height 177.6±2.3 cm; 
VO2max 60.6±3.9) in a randomized and double-blind 
design were divided in two equal Q10 supplement and 
placebo group. None of the subjects had ingested Q10 or 
any other dietary supplements (such as caffeine, ginger, 
ibuprofen, etc) before initiation of the study. In addition, 
they have no past history of heart, kidney disease and 
diabetes or any physical damage and problems. Study was 
approved by the Research Ethics Committee of Tabriz 
University of Medical Sciences and designed with two 
groups (experimental and control) with repeated measures 
(four blood sampling) a double-blind study. Sample size 
for each of the two groups with regard to study design and 
results of previous studies, were estimated seven [14]. 
However, in order to prevent possible losses during the 
process of research subjects and the anthropometric 
indices and aerobic power, sample size for each group 
was 9 people.  

Finally, with regard to maximal oxygen consumption 
test (Bruce), percentage of body fat and some blood 
parameters (hemoglobin and hematocrit) were divided 
into nine groups matched in homogenize supplement 
CoQ10 and placebo were replaced.  

The subjects were randomly assigned to either the Q10 
(5 mg/kg/day Q10) or placebo (5 mg/kg/day dextrose). 
Both treatments were effervescent capsules, pre-packaged 
to be identical in taste and appearance. Each group 
ingested one capsule three times per day at regular 
interval (breakfast, lunch and dinner) for one day and 14 
days [13]. The CoQ10 dosage, based on previous studies 
and least amount of CoQ10 plasma levels required for 
promotion or deal with the loss of a relatively intense 
aerobic activity intended [15-17]. 

Before and after acute and short-term supplementation 
period, all subjects participated in a 3000 meters running 
competition. Three thousand meter to competitive running 
was performed after a general warm-up. In addition, it 
was assumed that running the 3000 meters running 
competition with relatively high intensity and hard work 
as a fuel pressure should cause significant changes in 
markers of inflammation in the elite male distance runners 
[3, 18, 19]. 

Plasma MDA, TAC and LDH were obtained in the two 
phases: before and immediately after two running 
protocols. Blood samples were obtained in the four 

phases: one hour before and 18-24 h after two running 
protocols. Blood samples were obtained from subjects 
antecubital vein using venipuncture (5 mL; made by 
SUHA Co) before and 24-18 h after acute (one day) and 
short-term (14-day) supplementation protocol. All were 
measured in hours 11-9 pm, the temperature of 22-22ºC, 
humidity 60-50%, the ventilation and lighting identical. In 
addition, subjects performed 24 h before the test, avoid 
doing any heavy physical activity and meal (breakfast) 
before the test was similar. In addition, prior to the second 
blood sampling, subjects' diet was controlled using 24 h 
dietary recalls [15]. The distribution normality of 
variables was tested by the Kolmogorov-Smirnov test. 
Descriptive statistics were expressed as Mean±SD. 
Change any of the parameters (mean and standard 
deviation) of four stages repeated ANOVA and post hoc 
tests Bonferuni analysis. Differences between groups 
were determined by t-test. All statistical analyses were 
performed using the SPSS-18 software (SPSS Inc., 
Chicago, IL, USA). The significance level was set at     
p<0.05. 

 
Results 
 

The mean and standard deviation of individual 
characteristics and hemodynamic parameters in both 
groups before the exercise protocol are given in table 1. 
All subject reported adherence to the experimental 
protocol and complete ingestion of the supplement. There 
were no differences among groups at the beginning of the 
study for Physical characteristics (Table 1) and 
biochemical and hemodynamic variables (Table 2). Acute 
supplementation (1 day) has no significant effect on the 
variables baseline levels. Short-term supplementation (14-
days) cause significantly increased total antioxidant 
(TAC) baseline levels (p<0.05).  

Acute supplementation has no significant effect on 
variables significantly increased (MDA and LDH) or 
decreased (TAC) after exercise protocol. The reducing 
exercise-induced changes range of the plasma TAC 
following the short-term CoQ10 supplementation 
attenuated the exercise induced increase in response of 
plasma MDA (p<0.05). However, the acute and short-
term CoQ10 supplementation had not any significant 
effect on the exercise-induced increase response of total 
serum LDH. 

 
Table 1. Physical characteristics of the Q10 and Placebo group 
 
Variable CoQ10 (N=9) 

Mean±SD 
Placebo (N=9) 
Mean±SD 

Age (yr) 19.4±2.4 19.9±2.6 
Height (cm) 175.6±5.6 177.8±6.1 
Weight (kg) 68.4±6.4 68.6±6.5 
BMI (kg.m-2) 22.1±1.5 21.632.2 
Body fat (%) 8.9±1.9 8.9±1.3 
VO2max (mL/kg-1/min-1) 61.6±3.9 60.1±4.2 
HR (beats min−1) 70.8±2.6 71.4 ±2.1 
SBP (mmHg) 114.2±12.1 112.2±14.1 
DBP (mmHg) 72.1±5.1 73.4±5.8 
 

BMI: body mass index, HR: hearth rate, SBP: systolic blood pressure, 
DBP: diastolic blood pressure 
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Table 2. Biochemical variables in Q10 and Placebo group 
 

 
*Significant differences between the two groups, TAC: total antioxidation capacity, MDA: Malondialdehyde, LDH: lactate dehydrogenase 

 
Discussion 
 

In the present study, Short-term supplementation cause 
significantly increased TAC baseline levels. Acute 
supplementation has no significant effect on variables. 
The reducing exercise-induced changes range of the 
plasma TAC following the short-term CoQ10 
supplementation and attenuated the exercise-induced 
increase in response of plasma MDA. However, the acute 
and short-term CoQ10 supplementation had not 
significant effect on the exercise-induced increase 
response of LDH. In normal circumstances blood 
coenzyme Q levels are not significantly via dietary 
elements such as dairy products, poultry, eggs and meat. 
The diets habits of the middle-distance runner 
participating in the research did not affect the basal levels 
of antioxidant components in serum. CoQ10 
supplementation leads to augment in plasma coenzyme Q 
concentrations, the extent of which depends upon the type 
of formulation, dosage, and also duration [17]. The 
CoQ10 supplement in capsule form was provided in this 
study at a dosage of 5 mg/kg/day for 14 days. Previous 
reports have shown that the bioavailability of CoQ10 can 
reach maximal concentration at 26.5 or 25.8 h following 
supplementation [20]. Thus, daily CoQ10 
supplementation could provide maximal concentration in 
human plasma during experiments. Therefore, CoQ10 
supplementation at 5 mg/kg/day for 14 days was noted to 
increase plasma CoQ10 levels approximately 2-fold 
compared to before supplementation. Previous reports 
suggest that CoQ10 in the ubiquinone form is essential for 
generating energy within mitochondria and providing 
antioxidant defense similar to the other fat-soluble 
antioxidants, such as vitamin E. This appears to be due to 
the scavenging of free radicals and prevention of 
oxidation of lipids and other molecules [21]. Results from 
previous animal studies have reported that CoQ10 
supplementation increased total CoQ level in various 
tissues including skeletal muscle in rats [15, 16]. 

CoQ10 plays various critical roles in metabolism, serves 
as a redox electron transporter in the mitochondria related 
to the synthesis of ATP, acting as an essential antioxidant, 
influencing the stability of membranes [3]. Vigorous 
exercise increases energy requirement manifold and 
oxidative stress in tissues, and induces muscle damage. 

Thus, CoQ10 in serum or plasma may have been 
distributed to several tissues during intensive exercise. 
Shimomura et al. have suggested that CoQ10 
supplementation reduced increased creatine kinase (CK) 
and lactate dehydrogenase (LDH) in rat’s subsequent 
downhill running [3, 11]. Moreover, some studies have 
reported that CoQ10 protected cultured skeletal muscle 
cells from electrical stimulation-induced LDH release. In 
addition, exogenous administration of CoQ10 suppressed 
hepatic oxidative damage after reperfusion following 
ischemia [3, 22]. Ubiquinone supplementation has the 
potential to decrease severe activity-induced oxidative 
stress and muscle injury. Many investigators have showed 
that exercise increases serum CK activity, which is the 
most commonly used indicator of skeletal muscle injury 
induced by exercise [23]. In this study, serum LDH 
activity in exercise significantly increased about 
compared with rest. This result indicated that muscle 
damage was induced by intensive exercise. In addition, 
serum LDH levels were significantly lower in exercise-
CoQ10 group compared with placebo group. Therefore, 
short-term ubiquinone supplementation provided 
protection against intensive exercise-induced muscular 
damage. In earlier studies, it has been reported that 
CoQ10 had a structural stabilizing effect on cell 
membrane phospholipids [24]. Therefore, it is quite likely 
that CoQ10 supplementation increases CoQ concentration 
in muscle cell membranes and reduces strenuous exercise-
induced muscular injury by enhancing cell membrane 
stabilization. 

Increases in plasma MDA levels after exercise are 
widely shown in the literature [17]. The training and 
competition sessions resulted in increased basal oxidative 
stress as indicated by the increased MDA plasma levels 
[17]. The CoQ10 supplementation did prevent increased 
oxidative stress in Q10 groups. It has been previously 
reported that an antioxidant supplementation with vitamin 
C, E and carotene decreased the lipoperoxide levels in 
basketball players [17, 23]. Differences in the 
supplementation, in the oxidative stress markers analyzed 
and in the competition and training sessions developed by 
the sportsmen could explain the differences in the results 
obtained. The molecular damage produced by ROS is 
parallel to the activation of the endogenous antioxidant 
defense’s [17, 24, 25]. In a similar way, free radicals 

Variable    Baseline 
  Mean±SD 

   2 
        Mean±SD 

  3 
        Mean±SD 

4 
Mean±SD 

LDH (IU/L) Group Q10 320±8.17 374±9.87 324±6.84 329±3.87 
Placebo group 320±7.62 376±11.12 322±7.71 378±4.85 

MDA (nmol/dL) Group Q10 1.49±0.25 2.85±0.22 1.54±0.27 1.72±0.23* 
Placebo group 1.51±0.21 2.88±0.14 1.58±0.34 2.95±0.4 

TAC (mmol/L) Group Q10 0.753±0.03 0.726±0.07 0.877±0.11* 0.862±0.09* 
Placebo group 0.742±0.04 0.699±0.05 0.710±0.05 0.708±0.04 

Hemoglobin (g/dL) Group Q10 45.5±0.7 46.6±0.8 45.7±0.6 47.1±0.1 
Placebo group 46.7±0.5 46.5±0.7 45.5±0.4 46.1±0.2 

Hematocrit (%) Group Q10 45.5±0.7 46.6±0.8 45.7±0.6 47.1±0.1 
Placebo group 46.7±0.5 46.5±0.7 45.5±0.4 46.1±0.2 
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could be involved in the muscle adaptations to exercise in 
skeletal muscle; some ROS production is needed to attain 
optimal muscular isometric force production [17, 26]. The 
basal plasma molecular damage increased during the 
study; this increase could be related with the muscle 
adaptations to exercise mediated by ROS. The surplus 
intake of antioxidants with the supplement did not 
influence the adaptations to exercise [17]. 

DT-diaphorase is an inducible antioxidant enzyme that 
maintains the reduced antioxidant form of CoQ10 in 
membrane systems and to protect against xenobiotics 
which could generate ROS [17, 27]. Recent studies 
reported that antioxidant supplementation could prevent 
endogenous antioxidant adaptations to increased ROS 
production [17, 24]. However, it has been also indicated 
that molecular damage produced by ROS is parallel to the 
activation of the endogenous antioxidant defences. 
Because a similar increase in basal plasma MDA levels 
had been found in both groups after the 3 months of 
supplementation in the present study, we could suppose 
that DT-diaphorase activity could be increased in both 
groups in parallel to increased MDA levels as a result of 
regular exercise as it has been indicated previously [28, 
29].  

In addition, we found a significant increase in the TAC 
in CoQ10 group compared with the placebo group. These 

results in the TAC are due to the supplementation with an 
antioxidant substance such as CoQ10, which increases its 
concentration in plasma as it has been shown in other 
studies [30]. 

In summary, Q10 supplementation of the diet for 14 
days with dosage 5 mg/kg/day prevented the stress 
oxidative and muscle damage induced by a running 3000 
m competition without influencing the antioxidant 
adaptations induced by exercise. 
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