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Abstract- Coenzyme Q10, a lipid soluble benzoquinone, has excellent antioxidant and membrane stabilizing 

properties in the cardiac tissue. The present study investigated the effects of coenzyme Q10 on in vitro LDL 

oxidation quantitavely. The formation of conjugated dienes, malondialdehyde (MDA) and electrophoretic 

mobility were monitored as markers of the oxidation of LDL, respectively. Coenzyme Q₁₀ showed a decrease 

the formation of conjugated dienes and MDA, respectively, against oxidation in vitro. Coenzyme Q₁₀ also 

reduced electrophoretic mobility of the oxidized human LDL. Thus, results showed that the coenzyme Q10 

exhibits strong antioxidant activity in CuSO₄-mediated oxidation of LDL (P<0.05) in vitro. The inhibitory 

effects of the coenzyme Q10 on LDL oxidation were dose-dependent at concentrations ranging from 20 nM to 

300 nM. Moreover, the effects of coenzyme Q10 on LDL oxidation were compared with vitamin E and 

vitamin C. This study showed that coenzyme Q10 is a potent antioxidant to protect LDL against oxidation in 

vitro and may be a good alternative to reduce the risk of atherosclerosis and coronary heart disease and other 

free radical associated health problems.   
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Introduction 
 
Cardiovascular disease is one of the most causes of 
mortality in the world. Although an increased 
concentration of plasma low density lipoprotein (LDL) 
is believed to be a major risk factor in atherosclerosis, 
the mechanisms of the LDL oxidation are not 
completely understood. There is considerable evidence 
support a role for oxidatively modified LDL in the 
pathogenesis of atherosclerosis (1,2). The uptake of 
oxidized LDL (Ox-LDL) by macrophage results in the 
formation of foam cells and cellular cholesterol 
accumulated in vascular endothelial cells, and promotes 
the development of the characteristic fatty streaks found 
in atherosclerotic lesion (1-5).  
Finally, Ox-LDL has been reported to compromise 
endothelial integrity, a salient feature of atherosclerosis. 
Antioxidants such as beta-carotene and vitamin E have 
been shown to decrease formation of atherosclerotic 
lesions in animal models and epidemiological data 
suggest that an inverse relationship exist between the 
intake of antioxidant vitamins and the risk of coronary 
artery disease (6). According the oxidation hypothesis, 

antioxidants protect LDL against oxidative stress and 
delay the formation of modified LDL (7,8). The 
lipophilic antioxidant vitamin E, beta-carotene, 
ubiquinol, and lycopen are present in LDL. Vitamin E is 
thought to be major non-enzymatic antioxidant present 
in the lipid structures of cells and lipoproteins 
(9).Vitamin E is a major antioxidant present in the 
lipoproteins (9). 

Coenzyme Q₁₀ is a natural human ubiquinone, and it 
has fundamental role in mitochondrial energy (ATP) 
production in the respiratory chain (10-12). It plays a 
role in extra-mitochondrial redox activity in the cell 
membrane. Coenzyme Q10 is also antioxidant, 
scavenging free radicals and inhibiting lipid 
peroxidation (13-15). The antioxidant effect of 
coenzyme Q₁₀ is greater than vitamin E (6). Coenzyme 
Q10 is also known to enhance the availability of other 
antioxidants such as vitamin C, vitamin E and beta-
caroten (16).  

Since the effects of coenzyme Q10 on LDL oxidation 
have not previously been reported, the objectives of the 
present study were to assess the effects of plasma pre-
incubation with vitamin E, vitamin C and various 
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concentration of coenzyme Q₁₀ on the modification of 
LDL induced by CuSO4 in vitro by monitoring the 
formation of conjugated dienes, the formation of MDA 
and measurement rate electrophoretic mobility (REM). 

 
Materials and Methods 
 
Materials 
Coenzyme Q10, disodium ethylene diamine tetra acetate 
(Na₂EDTA) were purchased from Sigma Chemical Co. 
Potassium bromide (KBr), sodium chloride (NaCl), 
disodium hydrogen phosphate (Na2HPO4), vitamin E, 
vitamin C and oil red O were purchased from Wako 
Pure Chemical Industries, Ltd (Japan).   

 
Blood sampling and in vitro addition coenzyme Q₁₀, 
vitamin E and vitamin C to plasma 

Blood samples were taken from ten men. The 
protocols for the blood sampling were approved by the 
University of Kanazawa Ethics Committee, and all the 
informed constants were taken from all the men. Fasting 
blood samples after an overnight fasting was taken 
EDTA containing tubes (1.6 mg EDTA/ml blood). To 
obtain plasma, the centrifugation (3000 rpm for 10 min 
at 4°C) was started within 1 min following venous 
puncture to avoid autooxidation of the sample. To 
minimize oxidation in vitro, sodium azide (0.06% 
wt/vol) was added to plasma immediately after 
collection. For in vitro enrichment of LDL, freshly 
prepared human plasma was incubated at 37°C for 3 
hours in the presence of added vitamin E (100 M), 
vitamin C (200 M) and various concentration of 
coenzyme Q10 (20, 100, 200 and 300 nM). Coenzyme 
Q10 and vitamin E dissolved in ethanol and vitamin C 
dissolved in phosphate-buffered saline (PBS) (17). The 
final concentration of ethanol in the plasma was 5% 
(vol/vol). Control plasma and plasma contained vitamin 
C received an equal amount of ethanol and were 
incubated in the same manner. 

 
Isolation of LDL 

The LDL density of 1.019-1.063 was isolated from 
fresh plasma by single vertical discontinuous density 
gradient ultracentrifugation (5,18). 

 
Oxidation of LDL 
Continuous monitoring of formation of conjugated 
dienes in LDL 

After isolation of total LDL, the protein content of 
LDL was measured (19). LDL was adjusted to 
150 μg/ml of LDL protein with 10 mM PBS, pH7.4. The 

oxidative modification of LDL was initiated by addition 
of freshly prepared 10 μM CuSO4 solution at 37°C in a 
water bath for 5h. The kinetics of LDL oxidation was 
monitored every 10 minutes by measuring its 
absorbance at 234 nm. The lag phase was calculated 
from the oxidation profile of each LDL preparation by 
drawing a tangent to the slope of the propagation phase 
and extrapolation into intercept the initial-absorbance 
axis. The lag phase represented the length of the 
antioxidant-protected phase during LDL oxidation by 
coenzyme Q10 in vitro. The lag time was measured as 
the time period until the conjugated dienes began to 
increase (20). 

The formation of conjugated dienes was calculated 
as conjugated dienes equivalent content (nmol/mg-
protein) at 5h. The conjugated dienes concentration was 
calculated by using the extinction coefficient for diene 
conjugates at 234 nm (29500 M -1. cm -1). 

 
Assay of the formation of malondialdehyde (MDA) 

Lipid peroxidation end product was determined as 
malondialdehyde (MDA) according to modified of the 
method of Buege and Aust. After initiating of oxidation 
process with CuSO4, the sample mixtures were 
incubated at 37°C for 5h in a water bath and the reaction 
terminated by adding EDTA (2 mM). MDA formation 
was measured in a spectrophotometer at 532 nm. The 
results were recorded as MDA equivalent content 
(nmol/mg LDL-protein) (21). 

 
Determination of electrophoretic mobility of LDL 

The electrophoretic mobility of n-LDL and Ox-LDL 
was detemined by agarose gel electrophoresis (1% 
agarose and 0.1 M barbital buffer) under the condition 
of 200 V, 80 mA in 0.05 M barbital buffer, then the gel 
was fixed in ethanol, acetic acid and water 6:1:3 for 
15min, oven dried (80°C for 1h), and then stained with 
oil-red for 16h. After staining, the gel was washed by 
bleaching solution (ethanol and water 5:3), for until the 
background adjacent to protein or lipoprotein bands was 
cleared (22). 

 
Statistical analysis 

The data were presented as mean±SD of three 
experiments performed in duplicate. The variables used 
to describe the difference between the oxidation curves 
were lag time, conjugated dienes, MDA and REM. 
These parameters were obtained using the Mann-
Whitney test (using SPSS 13.0 statistical software) for 
independent data and the differences were considered 
significant when P<0.05. 
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Results 
 
The effects of vitamin E, vitamin C and dose-gradient 
concentration of coenzyme Q10 on the kinetics of 
CuSO4-induced LDL oxidation are showed in Figure 1. 
It clearly shows that CuSO4 dramatically increased 
oxidation of LDL. The formations of conjugated dienes 
were decreased by vitamin E, vitamin C and coenzyme 
Q10. The levels of the conjugated dienes at 5h and lag 
time of all experiment groups are showed in Figures 2, 
3. CuSO4 increased the level of the conjugated dienes in 
LDL about three-fold and was significantly different 
from control LDL (414.7±12.5 nmol/mg LDL-protein 
vs. 153.4±5.941 nmol/mg LDL-protein, P<0.05). 
Vitamin E and coenzyme Q10 (300 nM) inhibited the 
final levels of conjugated dienes in LDL oxidation 
(325±25.34 and 315±26.65 nmol/mg LDL-protein, 

P<0.05). Coenzyme Q10 showed a dose-dependent 
inhibition in increase of conjugated dienes at 5h. 20, 100 
and 200 nM concentration of coenzyme Q10 and vitamin 
C decreased the level of the conjugated dienes at 5h but 
were not significantly different from CuSO₄-induced 
group. Vitamin E and coenzyme Q10 (300 nM) 
significantly increased lag time (142.4±8.9 and 
160.5±10.2 min vs. 63.9±5.5 min, P<0.001 and  
P<0.01), prolongation of the lag time by coenzyme Q10 
was dose-dependent. The lag time was significantly 
increased in the LDL separated from pre-incubated 
plasma with 100 nM, 200 nM and vitamin C. 
Continuous registration of  absorbance of the LDL 
sample at 234 nm showed that coenzyme Q10 (300 nM) 
exerted the strongest effects, prolonging lag time to 
more than 2.5-fold of the CuSO₄-induced LDL 
oxidation.  

 
Figure 1. The effects of vitamin E, vitamin C and various concentration of coenzyme Q10 on the kinetics of CuSO4-induced LDL 

oxidation in l0 mM PBS, pH 7.4 at 37°C for 5h. (Control) n-LDL; (Cu) Ox-LDL; (Q₁₀ (20nM)) coenzyme Q10 (20 nM); (Q10 

(100nM)) coenzyme Q10 (100 nM); (Q10 (200nM)) coenzyme Q10 (200 nM); (Q10 (300nM)) coenzyme Q₁₀ (300 nM); (Vit E) vitamin 

E; (Vit C) vitamin C. Each point represents the means of five experiments. 

 

 
Figure 2. The effects of vitamin E, vitamin C and various concentration of coenzyme Q10 on the formation of conjugated dienes of 

CuSO₄-induced LDL oxidation. Abbreviations as in figure 1. Each Point represents the means of five experiments.   

*=significant compared to ox-LDL 
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Figure 3. Antioxidant effects on lag time of CuSO4-induced LDL oxidation with various concentration of coenzyme Q10, vitamin E 

and vitamin C. Abbreviations as in figure 1 and figure 2. 

 
 
 

Concomitantly, the addition of CuSO₄ in LDL 
determined and expressed by measurement of MDA 
equivalent content. The levels of the MDA at 5h of all 
experiment groups are showed in Figures 4. Addition of 
CuSO₄ in LDL increased MDA formation about ten-fold 
and this was significantly increased over control LDL. 
Vitamin E 100 M significantly inhibited MDA 
formation about 63.38%. Coenzyme Q10 exhibited a 
dose-dependent inhibition of MDA formation. 
Coenzyme Q₁₀300 nM significantly inhibited MDA 
formation by about 63.52% respectively. 20, 100 and 
200 nM coenzyme Q10 and vitamin C decreased the 
MDA formation by about 36.21%, 38.1%, 42.24% and 
55.1% respectively, but were not significantly different 
from CuSO₄-induced group. The MDA formation was 

significantly decreased in the LDL separated from pre-
incubated plasma with coenzyme Q10 (200 nM) and 
vitamin C.  

Effect of coenzyme Q10 on electrophoretic mobility 
of LDL: The effects of vitamin E, vitamin C and various 
concentration of coenzyme Q10 on the electrophoretic 
mobility of CuSO4-induced LDL oxidation are shown in 
Figures 5. After LDL oxidation by CuSO4, the Ox-LDL 
moved faster than non-oxidized LDL on agarose gel 
electrophoresis. Vitamin E, vitamin C and coenzyme Q10 
(200 and 300 nM) significantly decreased the 
electrophoretic mobility of LDL oxidized by CuSO4. 20 
and 100 nM coenzyme Q10 decreased the electrophoretic 
mobility of LDL, but was not significant.  

 
 
 

 
Figure 4. The effects of vitamin E, vitamin C and various concentration of coenzyme Q₁₀ on the formation of MDA of CuSO4-

induced LDL oxidation. Abbreviations as in figure 1 and figure 2. 
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Figure 5. The effects of vitamin E, vitamin C and various concentration of coenzyme Q10 on rate the electrophoretic mobility of 

CuSO₄-induced LDL oxidation. Abbreviations as in figure 1 and figure 2. Each Point represents the means of five experiments.   

 
 

Discussion 
 
Coenzyme Q10, a lipid soluble benzoquinone, has 
excellent antioxidant and membrane stabilizing 
properties in the cardiac tissue (10,13). Coenzyme Q10 
has beneficial effects in the following areas: 1. Acts as a 
novel antioxidant. 2. Enhances stamina, endurance and 
energy levels. 3 Helps to reduce body weight. 4. 
Normalizes blood pressure. 5. Attenuates immune 
function. 6. Protects against cardiovascular dysfunction. 
7. Increases effectiveness of various chemotherapeutic 
agents and anti-malarial drugs" (6,16,23). 

The oxidative modification of LDL (ox-LDL) is the 
major factor that stimulates the development of 
atherosclerosis (3). The oxidative modification of LDL 
induced by copper ion is related to free radical reaction. 
LDL oxidation may require the generation of free 
radicals such as superoxide anion and hydroxyl radicals 
by the Fenton reaction. After the oxidation by copper 
ion, polyunsaturated fatty acid of LDL was oxidized, 
this resulted in an elevation of lipid peroxides and 
depletion of vitamin E and others antioxidants in ox-
LDL (1-3).  

The results clearly showed that various concentration 
of coenzyme Q₁₀ have a dose-dependent antioxidant 
activity by inhibiting the formation of conjugated dienes 
and MDA, increase lag time and retard electrophoretic 
mobity of LDL in vitro. The results showed that 
coenzyme Q10 especially at 200 and 300 nM 
concentration similar to vitamin E as a positive control 
is a potent antioxidant and protect LDL in plasma 
against oxidation. 

In this study, the effect of vitamin C on LDL 

oxidation showed less advantage than vitamin E and 
coenzyme Q10, because vitamin C is a water soluble 
vitamin and the most of vitamin C is separated in the 
steps of LDL isolation, especially in dialysis. It has been 
showed in many cases that the protective effect of 
Coenzyme Q10 is associated with its antioxidant 
properties (24,25). Administration of coenzyme Q10  in 
type I diabetic rats decreased lipid peroxidation and 
increased superoxide dismutase, catalase, and 
glutathione levels in rat heart and protected it against 
oxidative damage (26). The studies showed that 
coenzyme Q10 acts as an oxygen radical scavenger 
whenever oxygen free radicals are generated, decreases 
lipid peroxidation in paint industry workers. Also 
another researcher Baghchi (1997) suggested possible 
explanations the mechanisms of coenzyme Q10 
antioxidant: 1. It may act independently as chain-
breaking antioxidants, providing hydrogen atoms to 
reduce peroxyl and/or alkoxyl radicals. 2. A redox 
interaction may exist between coenzyme Q10 and 
another lipid soluble antioxidant such as vitamin E, in its 
one-electron oxidized form, vitamin E phenoxyl radical" 
(27-30). In conclusion, the results of the present study 
clearly showed that coenzyme Q10 is found to posses a 
good antioxidant activity and various concentrations of 
coenzyme Q10 have a dose-dependent antioxidant 
activity against LDL oxidation by inhibiting the 
formation of conjugated dynes and MDA, increasing lag 
time, and decreasing REM. In conclusion, coenzyme Q10 
is a potent antioxidant and may be a good alternative to 
reduce the risk of atherosclerosis and coronary heart 
disease and other free radical associated health 
problems.   



H. Ahmadvand, et al. 

    Acta Medica Iranica, Vol. 51, No. 1 (2013)    17 

References 
 
1. Steinberg D. Low density lipoprotein oxidation and its 

pathobiological significance. J Biol Chem 1997; 

272(34):20963-6   

2. Steinberg D, Witztum JL. Is the oxidative modification 

hypothesis relevant to human atherosclerosis? Do the 

antioxidant trials conducted to date refute the hypothesis? 

Circulation 2002;105(17):2107-11. 

3. Parthasarathy S, Raghavamenon A, Garelnabi MO, 

Santanam N.Oxidized low-density lipoprotein. Methods 

Mol Biol 2010;610:403-17. 

4. Itabe H. Oxidative modification of LDL: its pathological 

role in atherosclerosis. Clin Rev Allergy Immunol 

2009;37(1):4-11. 

5. Ani M, Moshtaghie AA, Ahmadvand H. Comparative 

effects of copper, iron, vanadium and titanium on low 

density lipoprotein oxidation in vitro. Iran Biomed J 

2007;11(2);113-8. 

6. Shekelle P, Morton S, Hardy ML. Effect of supplemental 

antioxidants vitamin C, vitamin E, and coenzyme Q10 for 

the prevention and treatment of cardiovascular disease. 

Evid Rep Technol Asses 2003;83:1-3. 

7. Yu LH, Liu GT, Sun YM, Zhang HY. Antioxidative effect 

of schisanhenol on human low density lipoprotein and its 

quantum chemical calculation. Acta Pharmacol Sin 

2004;25(8):1038-44. 

8. Tsimikas S, Miller YI. Oxidative modification of 

lipoproteins: mechanisms, role in inflammation and 

potential clinical applications in cardiovascular disease. 

Curr Pharm Des 2011;17(1):27-37. 

9. Suarna C, Hood RL, Dean RT, Stocker R. Comparative 

antioxidant activity of tocotrienols and other natural lipid-

soluble antioxidants in a homogeneous system, and in rat 

and human lipoproteins. Biochim Biophys Acta  

1993;1166(2-3):163-70. 

10. Littarru GP, Tiano L. Bioenergetic and antioxidant 

properties of coenzyme Q10: recent developments. Mol 

Biotechnol 2007;37(1): 31-7.  

11. Somayajulu M, McCarthy S, Hung M, Sikorska M, 

Borowy-Borowski H, Pandey S.  Role of mitochondria in 

neuronal cell death induced by oxidative stress; 

neuroprotection by Coenzyme Q10. Neurobiol Dis 

2005;18(3):618-27. 

12. Blasi MA, Bovina C, Carella G, Genova ML, Jansen AM, 

Lenaz G, Brancato R. Does coenzyme Q10 play a role in 

opposing oxidative stress in patients with age-related 

macular degeneration? Ophthalmologica 2001;215(1):51-

4.  

13. Bélanger MC, Mirault ME, Dewailly E, Berthiaume L, 

Julien P. Environmental contaminants and redox status of 

coenzyme Q10 and vitamin E in Inuit from Nunavik. 

Metabolism 2008;57(7):927-33. 

14. Mabuchi H, Higashikata T, Kawashiri M, Katsuda S, 

Mizuno M, Nohara A, Inazu A, Koizumi J, Kobayashi J. 

Reduction of serum ubiquinol-10 and ubiquinone-10 levels 

by atorvastatin in hypercholesterolemic patients. J 

Atheroscler Thromb 2005;12(2):111-9. 

15. Niklowitz P, Menke T, Andler W, Okun JG. Simultaneous 

analysis of coenzyme Q10 in plasma, erythrocytes and 

platelets: comparison of the antioxidant level in blood cells 

and their environment in healthy children and after oral 

supplementation in adults. Clin Chim Acta 2004;342(1-

2):219-26. 

16. Gustav D, Pavel JS. Regulation of ubiquinone metabolism. 

Free Radic Biol Med 2000; 29(3/4): 285-94. 

17. Peter HT, Michael VM, Lili M, John Q, Brenda W, 

Alexandra W, Kevin B. Measurement of reduced and 

oxidized coenzyme Q9 and coenzyme Q10 levels in mouse 

tissues by HPLC with coulometric detection. Clinica 

Chimica Acta 2004;341:173-84. 

18. Ahmadvand H, Khosrowbeygi A, Ghasemi M. Inhibitory 

effect of Allium ascalonicom hydroalcoholic extract on 

low-density lipoprotein (LDL) oxidation induced by 

CuSO4 in vitro. J Med Plants Res 2011;5(6):1012-7. 

19. Bradford, M. M. A rapid and sensitive method for the 

quantitation of microgram quantities of protein utilizing 

the principle of protein dye binding. Anal. Biochem 

1979;72(1/2):248–54. 

20. Navder KP, Baraona E, Leo MA, Lieber CS. Oxidation of 

LDL in baboons is increased by alcohol and attenuated by 

polyenylphosphatidylcholine. J Lipid Res 1999;40(6):983-

7. 

21. Sheu JY, Chen PH, Tseng WC, Chen CY, Tsai LY, Huang 

YL. Spectrophotometric determination of a thiobarbituric 

acid-reactive substance in human hair. Anal Sci 

2003;19(6):957-60. 

22. Noble RP. Electrophoretic separation of plasma 

lipoproteins in agarose gel. J Lipid Res 1968;9(6):693- 

700. 

23. Choy KJ, Deng YM, Hou JY, Wu B, Lau A, Witting PK, 

Stocker R. Coenzyme Q (10) supplementation inhibits 

aortic lipid oxidation but fails to attenuate intimal 

thickening in balloon-injured New Zealand white rabbits. 

Free Radic Biol Med 2003; 35(3): 300-9. 

24. Caso G, Kelly P, McNurlan MA, Lawson WE.  

Effect of coenzyme q10 on myopathic symptoms in 

patients treated with statins. Am J Cardiol 

2007;99(10):1409-12.  

25. Singh U, Devaraj S, Jialal I. Coenzyme Q₁₀ 

supplementation and heart failure. Nutr Rev 

2007;65(1):286-93. 



Effects of coenzyme Q₁₀ on LDL oxidation 

18    Acta Medica Iranica, Vol. 51, No. 1 (2013)   

26. Modi K, Santani DD, Goyal RK, Bhatt PA. Effect of 

coenzyme Q₁₀ on catalase activity and other antioxidant 

parameters in streptozotocin-induced diabetic rats. Biol 

Trace Elem Res 2006;109(1):25-34. 

27. Bagchi D. Coenzyme Q₁₀: A Novel Cardiac Antioxidant. J 

Orthomol Med 1997;12(1):4-11 

28. Fouad AA, Al-Sultan AI, Refaie SM, Yacoubi MT. 

Coenzyme Q₁₀ treatment ameliorates acute cisplatin 

nephrotoxicity in mice. Toxicology 2010;274(1-3):49-56.  

29. Müller L, Theile K, Böhm V. In vitro antioxidant activity 

of tocopherols and tocotrienols and comparison of vitamin 

E concentration and lipophilic antioxidant capacity in 

human plasma. Mol Nutr Food Res 2010;54(5):731-42. 

30. Natella F, Lorrain B, Prasad AK, Parmar VS, Saso L, 

Scaccini C. 4-methylcoumarins as antioxidants: 

scavenging of peroxyl radicals and inhibition of human 

low-density lipoprotein oxidation. Biochimie 

2010;92(9):1147-52.  

 


