INTERNATIONAL JOURNAL of ACADEMIC RESEARCH

Vol. 5. No. 5. September, 2013

N. Demirci. The effect of the use of coenzyme Q10 on lactic acid and total antioxidant capacity in professional skiers.
International Journal of Academic Research Part A; 2013; 5(5), 225-229. DOI: 10.7813/2075-4124.2013/5-5/A.32

THE EFFECT OF THE USE OF COENZYME Q10 ON LACTIC ACID
AND TOTAL ANTIOXIDANT CAPACITY IN PROFESSIONAL SKIERS
Nevzat Demirci
Kafkas University, Faculty of Education Department of Special Education, Kars (TURKEY)
nevzatdemirci44@hotmail.com
DOI: 10.7813/2075-4124.2013/5-5/A.32
ABSTRACT
This study aims to prevent lactic acid (La) deposition of coenzyme Q10 (CoQ10) supplement in professional
skiers and to investigate its effect on total antioxidant capacity (TAC). The study group consisted of 15 voluntary
male skiers. The athletes were categorized into three groups as control group, experimental groups using 100 mg
and 200 mg CoQ10. During the study, 70-80% loading training program was applied on each of three groups. This
program was applied for 2 hours once in a day during 1 week. Blood samples were taken from athletes both
before and after training. HPLC was used to determine CoQ10 levels, lactate assay kit II was used to determine La
levels and TAC kit was used to determine TAC levels. Lactate, TAC and plasma CoQ10values were compared
before and after training. Accordingly, an increase was observed in lactate values of control group p<0.01 and a
significant decrease (p<0.01) was found in plasma lactate groups using 100 and 200 mg CoQ10 compared to the
values before the training. A significant increase (p<0.01) was observed in CoQ10 and TAC values of experimental
groups. Groups were compared by days during a week and it was found that plasma lactate levels of control
group increased; no change occurred at CoQ10 and TAC levels; plasma lactate levels of experimental groups
decreased and these levels significantly increased in TAC and CoQ10 groups (p<0.01). In conclusion, it is believed
that due to its degree correlation with cellular energy flow and energy generation, CoQ10 increases physical
performance on one hand anddecrease La deposition, increase TAC and delays fatigue on the other hand.
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1. INTRODUCTION
As a benzoquinone component created and synthesized naturally by human body, CoQ10 is found in
skeleton or cardiac muscle tissues, liver, kidney, brain and such organs in which high physical activities occur (1).
Coenzyme Q10 (2-methyl-5,6-dimethoxy-1,4- benzoquinone), soluble natural fat quinine, is aubiquitous and
endogenous lipid-soluble antioxidant found in plant as well as in humans and animal organisms. CoQ10 is crucial
to optimal biological function. It is a component of the oxidative phosphorylation process in mitochondria that
converts the energy in fatty acids and carbohydrates into ATP to drive cellular synthesis (2). As a result, due to its
first degree correlation with cellular energy flow and energy generation, CoQ10 transfers electron to cellular
molecules and helps to generate energy from ATP by means of contributing to mitochondria to generate energy
(3, 4).
Muscular contraction requires energy and muscle is a mechanism that transforms chemical energy into
mechanic one (5). Vital functions of human organism, especially the conduction of nerve impulses are related to
energy generation that results from chemical reactions such as muscular contraction. Therefore, energy
requirement of people increase with exercise and the decrease in muscle glycogen stores results in loss of weight
and it gets harder to maintain training (6). In dense training (maximal and supramaximal), exceeding aerobic
metabolism increases glycolysis rate and lactic acid (La) emerges inevitably. When the intensity of exercise
exceeds oxygen supply capacity of body, La system is used as fuel, La deposition in blood reduces pH and
fatigue occurs as a result of enzymatic activity (7). As a result, many reactive oxygen types such as superoxide,
hydrogen peroxide and hydroxyl radicals emerge (8). For this reason, various defense mechanisms called as
antioxidant defense systems or shortly antioxidants develop in organism in order to prevent adverse effects of free
radicals. As a major antioxidant, the fundamental role of CoQ10 is to be a part of mitochondrial respiration chain
and a major component of cellular energy generation. In addition, it is believed that the use of CoQ10 helps to
generate energy in mitochondria by means of decreasing oxidative stress and increasing physical performance
and reducing fatigue (9, 10). It has been claimed that increased ROS production and metabolic stres attenuate
CoQ10 levels in muscle tissue, and this decrease negatively affects exercise performance. Coenzyme Q10
supplement ation should increase CoQ10 concentration in muscle tissue, thus elevating freeradical–scavenging
activity period. Therefore, CoQ10 supplementation could normalize and even increase the exercise performance
in athletes (11, 12).
This study aims to prevent lactic acid deposition of coenzyme Q10 (CoQ10) supplement in professional
skiers and to investigate its effect on total antioxidant capacity.
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2. METHODS
Study Protocol was confirmed by 09.06.2009 dated and B.30.2.KAU.0.20.71.00 numbered decision of
Ethics Committee of Medicine Faculty at Kafkas University. Each participant was informed about rules, materials
and tests to be used before the study and all participants signed informed consent form. The study population
consisted of 15 voluntary male skiers. The athletes were categorized into three groups as control group (n=5),
experimental groups using 100 mg (n = 5) and 200 mg (n = 5) CoQ10. Age, weight and height averages of
participants were (21.60 ± 0.51 year, 64.20 ± 3.14 kg, 1.76 ± 0.02 cm) in control group, (21.80 ± 0.73 year, 66.80
± 2.97 kg, 1.76 ± 0.01 cm) in 100 mg CoQ10 group and (21.60 ± 0.51 year, 63.80 ± 2.31 kg, 1.75 ± 0.01 cm) in 200
mg CoQ10 group.
During the study, 70-80% loading training program was applied on each of three groups. This program was
applied for 2 hours once in a day during 1 week. The training program started 10 a.m. and it was prepared
systematically and specifically to each group so as to obtain the most reliable effect physiologically. Exercises
were repeated for a week in the same way as in the first day. Blood samples were taken from athletes before
training once and after training during a week. HPLC (13) was used to determine CoQ10 levels, lactate assay kit II
was used to determine lactic acid levels and TAC Assay Kit (Rel Assay Diagnostics, Clinical Chemistry Solutions,
Gaziantep, Turkey) was used to determine total antioxidant levels.
3. ANALYSIS
SPSS 18.0 program was used to conduct statistical analysis of the data. The data were defined as the
mean ± standard deviation. Matched t-test was used to determine any difference between data before and after
substance. SAS 9.2 Proc GLM procedure was used to determine any difference between Lactate and CoQ10
values of 3 groups within 7 days and the results were compared in accordance with LSD procedure (14). Lower P
value than 0.05 was regarded to be significant.
4. RESULTS
Comparing lactate, TAC and plasma CoQ10 values before and after training, an increase was observed in
lactate values of control group p<0.01 and a significant decrease (p<0,01) was found in plasma lactate groups
using 100 and 200 mg CoQ10 compared to the values before the training. However, it was found that the
decrease in plasma lactate values of the experimental group using 200 mg CoQ10 was more significant than 100
mg CoQ10 group.Comparing CoQ10and TAC values before and after training, no significant difference was found
in control group and p<0.01 increase was found in experimental groups (Table 1).
Table 1. The Mean Lactate (nmol), CoQ10 (µmol/L) and TAC (nmol) Values ( x ) and
Standard Deviation (sd) Values of Groups Before and After Training
Control Group
(n = 5)
Variables
B.T.
Lactate
A.T.
B.T.
CoQ10
A.T.
B.T.
TAC
A.T.

x

± Sd

100 mg CoQ10 group
(n = 5)

x

± Sd

200 mg CoQ10 group
(n = 5)

x

± Sd

2.15 ± 0.11

2.29 ± 0.49

2.27 ± 0.22

4.40 ± 0.67
1.43 ± 0.18

1.21 ± 0.19
1.42 ± 0.34

0.55 ± 0.1
1.43 ± 0.46

1.50 ± 0.28
1.25 ± 0.18

2.40 ± 0.45
1.52 ± 0.31

4.20 ± 0.21
1.86 ± 0.59

1.26 ± 0.18

3.56 ± 0.97

4.59 ± 0.98

Before Training (B.T.), After Training (A.T.)

During one-week training, groups were compared. Accordingly, an increase was found in plasma lactate
levels of control group and a decrease was found in experimental groups. This decrease was not found to be
significant between control and 100 mg CoQ10 group on the 1st day, it was significant in 200 mg CoQ10 group at
p<0.05 level. From second day to 7th day, decreases and increases on plasma lactate levels were found to be
significant (p<0.01), (Table 2).
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Table 2. Mean ( x ) and Standard Deviation (sd) Values of the Changes in Plasma Lactate
Levels (nmol) of Control Group, 100 and 200 mg CoQ10 Groups by Days
1th Day:

x

Groups

± Sd

3th Day:

4th Day:

5th Day:

6th Day:

x ± Sd

x ± Sd

x

x ± Sd

x ± Sd

a

2.5± 0.29

a

1.65± 0.12

Control

2.1 ± 0.11

1st Group

2.19± 0.49

a

2.6± 0.34

b

b

2nd Group

2th Day:

b

3.38 ± 0.61

b

1.31 ± 0.23

1.39 ± 0.22

c

1.22± 0.14

a

2.94 ± 0.34

1.66± 0.36

c

1.31± 0.22

a

± Sd

c

1.09± 0.25

x ± Sd

a

3.72± 0.62

a

b

1.3 ± 0.3

b

c

0.91 ± 0.12

7th Day:
a

b

1.18±0.1
c

0.77 ± 0.31

4.41±0.6

3.97± 0.12

c

0.53± 0.1

* The difference between groups indicated with different letters is significant (p<0.05)

Comparing plasma CoQ10 levels of experimental groups with the first day of control group, no difference
was found in levels of 100 mg CoQ10 group until 3rd day and significant increases started to be observed on 4th
day. In addition, plasma CoQ10 levels of 200 mg CoQ10 group started to increase clearly on 1st day (p<0.01),
(Table 3).
Table 3. Mean ( x ) and Standard Deviation (sd) Values of the Changes in Plasma CoQ10
Levels (nmol) of Control Group, 100 and 200 mg CoQ10 Groups by Days
1th Day:

2th Day:

x

Groups

x

± Sd
a

Control

1.43±0.18

1st Group

x

±S
a

1.69±0.52

a

1.75±0.54

b

b

1.83±0.34

2nd Group

3th Day:

2.75±0.46

a

3 ± 0.72

4th Day:

x

±S
a

1.65±0.38

a

2.03±0.33

b

3.4 ± 0.32

5th Day:

x

±S

6th Day:

x

±S

x

±S

1.86 ± 0.58

b

b

b

2.22±0.36

2.4±0.45

c

3.97±0.53c

4.2±0.21

2.11±0.44

c

3.31 ± 0.5

2.02 ± 0.4

3.7 ± 0.28

a

± Sd

a

1.59±0.25

a

7th Day:

1.62±0.43

1.5±0.28

a

b
c

* The difference between groups indicated with different letters is statistically significant (p<0.05).

Comparing plasma TAC levels of experimental groups with control group, no difference was found in levels
of 100 mg CoQ10 group until 3rd day and significant increases started to be observed on 4th day. In addition,
plasma TAC levels of 200 mg CoQ10 group started to increase clearly on 1st day (p<0.01) (Table 4).
Table 4. Mean ( x ) and Standard Deviation (sd) Values of the Changes in Plasma TAC
Levels (nmol) of Control Group, 100 and 200 mg CoQ10 Groups by Days
1th Day
Groups
Control

2th Day

x

x

± Sd
a

1.25±0.18

st

1.32 ±0.36

a

nd

1.76 ± 0.59

b

1 Group
2 Group

3th Day

x

± Sd

1.26±0.16

a

1.42±0.62

2.68± 0.50

4th Day

x

± Sd

5th Day

x

± Sd

1.39±0.10

a

a

a

1.85±0.43

a

2.87±0.57

b

3.15±0.34

b

3.67± 0.49

6th Day

x

± Sd

1.34 ± 0.12

a

b
c

1.41±0.17

7th Day

x

± Sd

± Sd

1.46±0.34

a

1.47±0.34

a

3.13 ± 0.36

b

3.16±0.62

b

3.61±0.16

b

3.89 ± 0.11

c

4.17±0.19

c

4.42±0.31

c

* The difference between groups indicated with different letters is statistically significant (p<0.05).

5. DISCUSSION
In dense training, exceeding aerobic metabolism increases glycolysis rate and lactic acid emerges
inevitably. The lactate that accumulates in muscles and blood results in fatigue. This case requires resting to
remove the lactate from body (15). In some studies (16, 17, 18), it has been shown that oral CoQ10
supplementation has no effects on physical performance in healthy athletes and/or untrained individuals. On the
contrary, some researchers (19, 20) suggest that aerobic power, anaerobic threshold, or exercise performance
increased after CoQ10 supplementation. In a research (21), a total of 25 people being 19 trained and 6 untrained,
performed short-term bicycle ergometer and it was found that 12 and 60 minutes later, La levels increased in both
groups. It was observed that La levels of untrained group was lower than those of trained group. In another study
(9), bicycle ergonometer was performed for 2 weeks. 100 mg and 200 mg CoQ10 was orally given to 17 healthy
voluntary participants. After exercise, it was found that lactate values significantly decreased. These findings
support the findings of the present research (Table 1). Furthermore, in a similar study conducted on 25 elite skiers
(19), it was found that CoQ10 supplement decrease muscle lactic acid level and increased plasma CoQ10 level. As
a result, due to its first degree correlation with cellular energy flow and energy generation, CoQ10 transfers
electron to cellular molecules and helps to generate energy from ATP by means of contributing to mitochondria to
generate energy. For that reason, we can say that the use of CoQ10 prevents lactate deposition in muscles and
thus reduces fatigue.
Weston et al. (22) gave 1 mg/kg CoQ10 to 18 voluntary male athletes for 28 days in order to investigate the
effect of CoQ10 on aerobic capacity, strength and plasma CoQ10. This study showed that plasma CoQ10 levels
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significantly increased and no change occurred in VO2max levels. Bonetti et al. (23) gave CoQ10 to middle-aged
participants and those ride bicycle at least for 1000 km for 8 weeks and significant increase was observed in
plasma CoQ10 levels. Similarly in this study, comparing lactate, TAC and plasma CoQ10 values before and after
training, an increase was observed in lactate values of control group p<0.01 and a significant decrease (p<0.01)
was found in plasma lactate groups using 100 and 200 mg CoQ10 compared to the values before the training.
However, it was found that the decrease in plasma lactate values of the experimental group using 200 mg CoQ10
was more significant than 100 mg CoQ10 group.Comparing CoQ10and TAC values before and after training, no
significant difference was found in control group and p<0.01 increase was found in experimental groups. It can be
said that the reason for the increase in plasma levels of CoQ10which is a powerful antioxidant is to decrease free
radicals increasing due to mitochondrial oxidative phosphorylation in muscles and to meet the decreasing energy
need. Low concentrations of CoQ10 during energy generation in bloods of skiers indicate that CoQ10 supplement is
needed to improve physical performance in such sport branches (24).
The reasons for the La deposition during exercise are as follow: the higher anaerobic glycolysis rate than
the rate of pyruvate transmission to mitochondria membrane, incompetency of buffer systems to buffering La
hydrogen, less amount of hydrogen transmitting from muscle to blood than La amount produced in tissue. Porter
et al. (25) made untrained males perform bicycle ergonometer for 2 months and gave 150 mg CoQ10 per day and
a significant decrease was observed in lactate levels. In another study (9) supporting this findings, bicycle
ergonometer was performed for 2 weeks. 300 mg CoQ10 was orally given and it was found that lactate values
significantly decreased. Moreover, it was observed that there is a negative relationship between the increase in
CoQ10 amounts and plasma lactate values. Similarly, Cookeet al. (12), made 22 trained and 9 untrained males
and females perform exercises for 14 days and they reported that 100 mg CoQ10 supplement twice a day resulted
in significant increase in plasma CoQ10levels. Because it can be said that, low CoQ10 concentration of athletes
during exercises plays a major role in energy generation process as an electron receiver-supplier at mitochondria
wall. Comparing CoQ10, TAC and plasma lactate levels of groups by days during a week and it was found that
plasma lactate levels of control group increased; no change occurred at CoQ10 and TAC levels; plasma lactate
levels of experimental groups decreased and these levels significantly increased in TAC and CoQ10 groups.
Therefore, CoQ10 taking place in mitochondria of cells and leading to energy and ATP generation, has an
important catalyzer role which ensures adaptation to high physiologic activities in muscle tissues and it is in this
manner that organism can tolerate changes such as the decrease in ATP generation that results from metabolic
loading (26). Moreover, when oxygen decreases/ is completely consumed, glycolysis anaerobic turns into lactic
acid in respiration and this leads to fatigue. However, we can say that transmission of electron to mitochondria by
CoQ10increase energy generation in muscles and decrease lactate deposition and thus improve physical
performance (27).
Conclusions, it can be said that physical exercise increases oxygen consumption and also generation of
reactive oxygen types; leads to muscle fatigue and thus to oxidative damage. On the other hand, the use of CoQ10
contributes to energy generation process in mitochondria, decreases La deposition in muscles, increases TAC
capacity and thus improves physical performance.
REFERENCES
1. S. Greenberg and W.H. Frishman. Co-enzyme Q10: a new drug for cardiovascular disease. J. Clin.
Pharmacol. 30: 596-608 (1990).
2. M. Trunen. J. Olsson. G. Dallner. Metabolism and function of coenzyme Q. BBA- Biomembranes.
1660 (1-2): 171-199 (2004).
3. E.H. Witt, A.Z. Reznick, C.A. Viguie, P. Starke-Reed, L. Packer.: Exercise, oxidative damage and
effects of antioxidant manipulation. J. Nutr.122: 766- 773 (1992).
4. K.S. Powers and J.M. Jackson. Exercise-Induced Oxidative Stress: Cellular Mechanisms and Impact
on Muscle Force Production. Physiol. Rev. 88: 1243–1276 (2008).
5. S. Torlak, N. Okudan, H. Gokbel, M. Belviranli, A. Kiyici. Effects of four week coenzyme Q10
supplementation on exercise-induced muscle damage in sedentary young men. Genel Tip Derg.
22(1): 11-15 (2012).
6. A. Gharbi, K. Chamari, A. Kallel, S. Ahmaidi, Z. Tabka and Z. Abdelkarim. Lactate kinetics after
intermittent and continuous exercise training. J. Sport. Sci. andMed. 7, 279-285 (2008).
7. RH. Fitts. Cellular mecahanisms of muscle fatigue. Int. J. Sports Med. U.S.A. January. 1: 49-83
(1994).
8. R. Aslan and M.R. Sekeroglu. The Effects of Different Endurance Training on Oxidative Stress and
Antioxidant Levels. J. Sports Sci. 31: 145 52 (1996).
9. M. Kei, M. Tanaka, S. Nozaki, H. Mizuma, S. Ataka, T. Tahara, T. Sugino, T. Shirai, Y. Kajimoto, H.
Kuratsune, O. Kajimoto and Y. Watanabe. Antifatigue effects of coenzyme Q10 during physical
fatigue. Nutrt. 24: 293–299 (2008).
10. Fu. Xin. Ji. Rong. Dam. Jorgen. Antifatigue Effect of Coenzyme Q10 in Mice, J. Med. Food. February.
13(1): 211-215 (2010).
11. J. Karlsson. L. Lin. C. Sylve´nand E. Jansson. Muscleubiquinone in health yphysically active males.
Mol. Cell. Biochem. 156: 169–172 (1996).
12. M. Cooke, M. Iosia, T. Buford, B. Shelmadine, G. Hudson, C. Kerksick, C. Rasmussen, M.
Greenwood, B. Leutholtz, D. Willoughby and R. Kreider. Effects of acuteand 14-day coenzyme Q10
supplementation on exercise performance in both trained and untrained individuals. Int. Soc. Sports
Nutr. 5:8, 1-14 (2008).

228 | PART A. NATURAL AND APPLIED SCIENCES

INTERNATIONAL JOURNAL of ACADEMIC RESEARCH

Vol. 5. No. 5. September, 2013

13. F. Mosca. D. Fattorini. S. Bompadreand G.P. Littarru. Assay of Coenzyme Q10 in Plasmaby a Single
Dilution Step. Anal. Biochem. 305: 49-54 (2002).
14. SAS Puphlishing. SAS/STAT 9.2User’s Guide The GLM Procedure (BookExcerpt). 2008.
15. VL. Billat. Use of blood lactate measurements for prediction of exercise performance and for control
of training. Sports Med. 22: 157-75 (1996).
16. B. Braun, F.M. Clarkson, P.S. Freedsonand R.L. Kohl. Effects of coenzyme Q10 supplementation on
exercise performance, VO2max, and lipid per oxidation in trained cyclists. Int. J. Sports Nutr. 1: 353–
365 (1991).
17. R. Laaksonen. M. Fogelholm. J.J. Himberg. J. Laaksoand Y. Salorinne. Ubiquinone supplementation
and exercise capacity in trained young and older men. Eur. J. Appl. Physiol. Physiol. 72: 95–100
(1995).
18. S. Zhou. Y. Zhang. A. Davie. S. Marshall-Gradisnik. H. Hu. J. Wangand D. Brushett. Muscle and
plasma coenzyme Q10 concentration, aerobic power and exercise economy of healthy men in
response to four weeks of supplementation. J. Sports Med. Phys. Fitness 45: 337–346 (2005).
19. Ylikoski T., Piirainen J., Hanninen O., Penttinen J.: Theeffect of coenzyme Q10 on the exercise
performance of cross-country skiers. Molec Aspects Med. 18: 283-290, 1997.
20. H. Gokbel, I. Gul, M.B. Viranliand N. Okudan. The Effects of Coenzyme Q10 Supplementation On
Performance During Repeated Bouts Of Supramaximal Exercise In Sedentary Men. J. Str. And Cond.
Res. 24(1): 97–102 (2010).
21. A. Mero. Blood lactate production and recovery from an aerobic exercise in trained and untrained
boys. Eur. J. Apply. Physiol. 57, 660-666 (1988).
22. S.B. Weston, S. Zhou. Rp. Weatherby. S.J. Robson. Does exegenous coenzyme Q10 affect aerobic
capacity in endurance athletes. Int. J. SportNutr. 7(3): 197-206 (1997).
23. RJ. Bloomerand AH. Goldfarb. Anaerobic exercise and oxidative stress: A review, Can J. Appl.
Physiol. 29, 245-263 (2004).
24. A. Bonetti, F. Solito, G. Carmosino, A.M. Bargossi, P.L. Fiorella. Effect of ubidecarenone oral
treatment on aerobic power in middle-aged trained subject. J. Sports Med. andPhys. Fitn. 40: 51-57
(2000).
25. D.A. Porter, D.L. Costill, J.J. Zachwieja, K. Krzeminski, W.J. Fink, E. Wagner, K. Folkers. Theeffect of
oral coenzyme Q10 on the exercise tolerance of middle – aged untrained men. Clin. Neuropharm. 27:
4, 187-191 (1995).
26. G.P. Littarru and L. Tiano. Clinical aspects of coenzyme Q10. Nutr. 26: 250–254 (2010).
27. M.L. Genova, M.M. Pich, A. Biondi, A. Bernacchia, A. Falasca, C. Bovina, G. Formiggini, C.G.
Parenti, G. Lenaz. Mitochondrial production of oxygen radical species and the role of Coenzyme Q as
an antioxidant. Exp. Biol. Med. 228: 506–513 (2003).

Baku, Azerbaijan| 229

