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Abstract
· AIM: To determine the relationship between
proliferative diabetic retinopathy (PDRP) and plasma
coenzyme Q10 CoQ10 concentration.

·METHODS: Patients with type 2 diabetes and PDRP
were determined to be the case group ( =50). The
control group was consist of healthy individuals ( =50).
Plasma CoQ10 and malondialdehyde (MDA) levels were
measured in both groups.

·RESULTS: Ubiquinone-10 (Coenzyme Q10) levels in PDRP
and control subjects are 3.81依1.19滋mol/L and 1.91依0.62滋mol/L,
respectively. Plasma MDA levels in PDRP and control
subjects were 8.16 依2滋mol/L and 3.44 依2.08滋mol/L,
respectively. Ratio of Ubiquinol -10/ubiquinone -10 in
PDRP and control subjects were 0.26依0.16 and 1.41依0.68,
respectively.

·CONCLUSION: The ratio of ubiquinol -10/ubiquinone -
10 is found lower in patients with PDRP. High levels of
plasma ubiquinol -10/ubiquinone -10 ratio indicate the
protective effect on diabetic retinopathy.
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INTRODUCTION

D iabetes mellitus (DM) is related to vascular
complications resulting in the increase of the morbidity

and mortality of the disease. Diabetic complications include
macro-vascular diseases that atherosclerosis accelerates and
micro-vascular complications such as retinopathy,
nephropathy and neuropathy [1].
Retinopathy is one of the frequently observed complications
in diabetic patients. Diabetic retinopathy (DRP) develops 20
years after the onset of diabetes in almost all type I diabetic
patients while it develops in 60% of type 2 diabetic patients [2].
Such hemodynamic changes as increased blood viscosity,
increased erythrocyte aggregation, altered erythrocyte
permeability and increased adhesion of erythrocytes to
endothelial cells are known to play an important role in the
pathogenesis of diabetic retinopathy [3,4]. In addition, higher
levels of glucoses are a contributing factor for DRP inducing
apoptosis in vascular endothelial cells[5,6].
Recent studies have focused on oxidative stress on DRP.
Oxidative stress is described as the imbalance between
pro-oxidant and antioxidants for pro-oxidants [6,7]. Low levels
of serum antioxidant contribute to oxidative stress
development in diabetic patients[8,9]. Oxidative stress results in
the generation of Reactive Oxygen Species (ROS) or
prevents ROS elimination [10]. Sufficient parts of antioxidant
enzymes are necessary for the extraction of free radicals.
Over generation of ROS and the lack of their extraction can
damage cell proteins, membrane lipids and nucleic acids [10,11].
Lipid peroxidation products are generated through oxidation
of cell membrane lipids ROS. Lipid peroxidates are used
as a sign of oxidative damage to cells and tissues. Lipid
peroxides are indecisive and degrade in a series of complexes
to generate reactive carbon compounds, most commonly
found is malondialdehyde (MDA). Therefore, levels of MDA
are used as a sign of lipid peroxidation[11].
Recent studies suggest various data related to the
pathogenesis of DRP: Degradation of retinal mitochondrial
biogenesis, a decrease in the number of mitochondria and
prevention of transmission of mitochondrial DNA
transcription factors are considered to be some of the
probable mechanisms of DRP [12]. Mitochondrial biogenesis
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mechanisms play an important role in the development of
DRP by controlling superoxide [12]. Regulation of
mitochondrial biogenesis by drugs or some molecules could
be a potential strategy to slow down the development of
DRP [13,14].
Coenzyme Q10 (CoQ10), also known as ubiquinone 10, is an
important component of mitochondria in all animals. Task of
CoQ10 is carrying electron between nicotinamide adenine
dinucleotide and succinate dehydrogenases in mitochondrial
respiratory chain [15]. CoQ10 commonly used for
supplementary treatment of some diseases such as
Parkinson's disease and diabetes [16,17]. CoQ10 exists in two
forms: oxidized and reduced forms. Reduced form of CoQ10
is known as ubiquinol-10. Ubiqoinol-10 is an important
inhibitor of oxidative damage[18]. Ubiquinol-10 is first defense
against oxidative damage of low-density lipoproteins [19].
Therefore, the ubiquinol-10/ubiquinone-10 ratio may be
regarded as the marker for detection for oxidative damage [20].
Plasma or serum CoQ10 concentrations are often employed
for the assessment of CoQ10 status in humans, as it serves as
a useful measure of overall CoQ10 status. Although there are
conflicting studies, determine the levels of CoQ10 in patients
with DRP would be interesting[21].
In the present study, we investigated the levels of CoQ10,
ubiquinol-10/ubiquinone-10 ratio and levels of MDA
concentration type 2 diabetic patients.
SUBJECTS AND METHODS
Subjects A total of 50 patients with type 2 DM on stable
statin therapy for 逸4 weeks. Fifty control subjects were
included in this study. All patients had type 2 diabetes of over
15-20 years' duration. This study was approved by the Ethics
Committee (B. 30. 2. ATA.0.01.00/122).
The patients who had history of smoking, alcohol,
hypertension, chronic diseases, coronary heart diseases, liver
diseases cancer, end-stage renal failure, a history of coronary
or cerebrovascular diseases, use of antioxidant supplements
and ocular surgery or a history of intraocular inflammation
were excluded. The diagnosis of DM was verified by clinical
and laboratory examinations. We selected the proliferative
DRP subject by random. After mydriasis with tropicamide
eye drops, the ophthalmologic examinations were performed
by retina specialists. DRP was graded based on ETDRS
grading system [22]. The patients with proliferative DRP group
included at least new vessels elsewhere, new vessels disc,
fibrous proliferations disc, or fibrous proliferations elsewhere.
Methods Analyses of ubiquinol-10 and ubiquinone-10 were
performed according to Mosca [23]. This method is
performed by forcing the oxidation of CoQ10 in the plasma
sample by treating it with para-benzoquinone fol-lowed by
extraction with 1-propanol and direct injection into the HPLC

(high-performance liquid chromatography) apparatus.
Preoxidation of the sample ensures quantification of total
CoQ10 by UV detection. This method achieves a linear
detector response for peak area measurements over the
concen-tration range of 0.05 to 3.47滋mol/L. Diode array
analysis of the peak level was consistent with the CoQ10
spectrum. Supplementation of the samples with known
amounts of CoQ10 yielded a quantitative recovery of 96% to
98.5% ; the method showed a level of quantitation of
1.23nmoL per HPLC injection (200滋L of propanol extract
containing 33.3滋L of plasma). A good correlation was found
with a reference elec-trochemical detection method ( =0.99,

<0.0001). Within-run precision showed a coefficient of
variation of 1.6 for samples approaching normal values
(1.02滋mol/L). Day-to-day precision was also close to 2% .
The reference values of CoQ10 are 0.7 to 1滋g/mL[24].
Analysis of plasma for MDA by HPLC MDA concentrations
in the blood plasma sample were measured by HPLC with
fluorescent detection (HPLC-FLD), as described previously[25].
Briefly, 50滋L of plasma sample was mixed with 0.44mol/L
H3PO4 and 42mmol/L tiobarbituric acid (TBA), and
incubated for 30min in a boiling water bath. After cooling
rapidly on ice, an equal volume of alkaline methanol was
added to the sample, shaken vigorously, centrifuged (3 000 r/min
for 3min) and the aqueous layer removed. Then, 20滋L
supernatant was then analysed by HPLC (HP, Agilent 1100
modular systems with FLD detector); column, RP-C18 (5滋m,
4.6伊150mm) (Eclipse VDB-C18; Agilent); elution, methanol
(40:60, v/v) containing 50mmol/L KH2PO4 buffer (pH 6.8);
flow rate, 0.8mL/min. Fluorometric detection was performed
with excitation at 527nm and emission at 551nm. The peak
of the MDA-TBA adduct was calibrated as a 1, 1, 3, 3-
tetraethoxypropane standard solution, carried out in exactly
the same process as with the plasma sample. HbA1c<7.0%
indicated that glycemic control was up to normal standard.
Statistical Analysis All data were presented as mean 依
standard deviation (SD). Mann-Witney test was used to
evaluate the significance of differences. Spearman's
correlation coefficients were used to calculate the association
between the changes of groups.
RESULTS
Fifty diabetic subjects (25 men) were included, with a mean
age of 61.86 依8.03 years. Twenty-three of control subjects
were men, a mean age of control subjects was 62.56依9.01
years. There was no significant difference between control
and diabetic subjects in years and sex ( >0.05).
We measured total CoQ10, oxidized CoQ10 (ubiquinone-10),
ubiquinol-10/ubiquinone-10 ratio and MDA levels. After
measurement of total CoQ10 and oxidized CoQ10, we were
calculated reduced CoQ10 (ubiquinol-10) levels and
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Table 1  Ubiquinone-10, MDA levels and ubiquinol-10/ubiquinone-10 ratio in patients and control groups 

95%CID 
Gropus 

Patienst groups 
(mean±SD) 

n=50 

Control group 
(mean±SD) 

n=50 Lower Upper 
P 

Ubiquinone-10 (µmol/L) 3.81±1.19 1.91±0.62 1.25 2.5 0.001 
Total coenzyme Q10 (µmol/L) 4.71±1.23 4.27±1.23 0.41 -0.39 0.295 
Ubiquinol-10/Ubiquinone-10 0.26±0.16 1.41±0.68 -1.48 -0.8 0.001 
MDA (µmol/L) 8.16±2 3.44±2.08 0.68 3.33 0.001 

95%CID: 95% Confidence interval of the difference. 
Table 2  Correlation table 

  Coenzyme Q10H/ 
coenzyme Q10 

Conezyme 
Q10 (µmol/L) 

Total coenzyme 
Q10 (µmol/L) 

Pearson Correlation (r) 1-0.555 10.557 0.150 

P 0.000 0.000 0.384 MDA (µmol/L) 

n 100 100 100 
1Correlation is significant at the 0.01 level (2-tailed). 

ubiquinol-10/ubiquinone-10 ratio. Ubiquinone-10 levels in
PDRP and control subjects were 3.81依1.19滋mol/L and 1.91依
0.62滋mol/L respectively (Table 1). A significant difference
was observed between the two groups (Figure 1) ( <0.05).
Total CoQ10 levels in patients and control subjects were
4.71 依1.23滋mol/L and 4.27 依1.23 respectively (Table 1).
There was no significant difference between the two groups.
Ubiquinol-10/ubiquinone-10 ratio in proliferative diabetic
retinopathy (PDRP) and control subjects were 0.26依0.16 and
1.41 依0.68 respectively (Table 1). There was a significant
difference between PDRP and control subjects for
ubiquinol-10/ubiquinone-10 ratio (Figure 2) ( <0.05).
Plasma MDA levels in PDRP and control subjects were 8.16依
2滋mol/L and 3.44依2.08滋mol/L respectively (Table 1). There
was a significant difference between PDRP and control
subjects for plasma MDA levels (Figure 3) ( <0.05). We
also confirmed that there was a significant negative
correlation between Ubiquinol-10/ubiquinone-10 ratio and
levels of plasma MDA ( =0.555, <0.001) (Table 2). Median

HbA1c was 8.1% (6.9%-10.1%) patients with PDRP. There
was also a negative correlation between the levels of HbA1c
and ubiquinol-10/ubiquinone-10 ratio ( =0.679, <0.001).
DISCUSSION
Due to degradation of defense mechanisms of antioxidants
and the increase in oxygen related radicals, oxidative stress
increases in diabetes [26]. Lipid peroxidation in cells and
increased free oxygen radicals are thought to play important

Figure 1 Levels of ubiquinone -10 in patient and control
groups.

Figure 2 Ubiquinol -10/Ubiquinone -10 ratio in patient and
control groups.

Figure 3 Levels of MDA in patient and control groups.
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roles in DM's micro-vascular complications and
atherosclerosis development [26,27]. Antioxidant defence
mechanisms in DM are quite contradictory. They are reported
to increase in some studies while they decrease in others.
High levels of MDA concentrations found in patients with
DRP in this study are similar to the findings reported earlier
in diabetic patients independent of insulin[28,29].
Degradation of serum antioxidant may lead to an increase in
oxidative stress in diabetic patients. CoQ10 synthesized as
endogen in the body is known to play a key role in
mitochondrial bioenergetics. Lipophilic CoQ10 is a strong
antioxidant and extracts free radicals. The changes in the
redox status of CoQ10 may be regarded as a marker of
oxidative stress [30]. There were two main findings in our
study. First, plasma ubiquinone-10 levels in DRP patients
was higher than in control subjects. Second, ubiquinol-10/
ubiquinone-10 ratio in DRP patients was lower than in
control subjects. The reason of these findings to be extracted
may be more than one. One of these reasons can be drugs for
the treatment of DM and DRP.
However, some studies have shown that this drugs (for
example statins) are not effective on concentration of CoQ10[31].
A difference in dietary intake of CoQ10 could be another
important reason of CoQ10 levels in DPR patients. But, only
2%-3% of orally administered CoQ10 is absorbed [32]. In our
study, there was not significant difference between of total
CoQ10 levels in DRP patients and control groups. This
findings showed that total CoQ10 concentration was not
affected by dietary difference of individuals or drugs in
patient and control groups. However, plasma ubiquinone-10
levels in DRP patients was higher than levels in control
subjects. This observation was consistent with existing
literature [31,33]. Conversely, Menke [33] in one study
measured CoQ10 concentrations in plasma and blood cells
and redox conditions in type 1 DM and compared them with
healthy children. They found that the level of plasma CoQ10
in children with type 1 DM was higher compared to that of
healthy children. This study suggested that specifically in
children with poorly controlled diabetes, an increase in
antioxidant CoQ10, and intracellular redox capacity and in
plasma concentrations may contribute to self-protection of
the body during the development of oxidative stress[33].
Lim [31] said that profound changes in plasma CoQ10 in
individuals with diabetes, suggesting a marked increase in
body oxidative burden. They found similar change in
prediabetic phase [31]. Similarly, Sourris [34] proposed that
deficiency of mitochondrial oxidised CoQ10 (ubiquinone)
could be a triggering factor for diabetic nephropathy. As a
result they suggested that on the condition that CoQ10
supplementation protected mitochondria functions, it could

be renoprotective in type 2 diabetes.
This study indicated that plasma MDA, as a marker of
oxidative stress, was significantly higher in PDRP patients
than that in controls. The level of CoQ10, as antioxidant
capacity, was significantly lower in PDRP patients than that
in controls. PDRP patients are at increased risk of oxidative
stress manifested by increased plasma MDA and decreased
CoQ10. We deduced that antioxidant supplementation may
be used as adjunctive therapy in patients with PDRP to
reduce oxidative stress for diabetic complication protection in
type 2 DM.
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