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Development of a new high performance liquid
chromatography method for measurement of coenzyme

Q10 in healthy blood plasma
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ABSTRACT
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Objectives: To improve a new high performance liquid
chromatography (HPLC) method for coenzyme Q10
(CoQ10) measurement in human plasma.

Methods: We conducted this study in the Chemistry
and Biochemistry Department, College of Medicine,
Al-Nahrain University, Baghdad, Iraq from September
2004 to July 2005. Sixty healthy volunteers aged
28.51+7.30 years were participated in this study. All
participants were non-smokers and under no any
treatment for the last 3 days and fast for 12 hours
before analysis. Coenzyme Q10 levels were measured
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by improved isocratic reversed phase HPLC technique
after one-step ice-cold 1-propanol extraction step.

Results: The ultra violet (UV) detection, developed
HPLC method gives a good linearity range between
0.1-4.0 mg/L. The coefficients of
(CVs%) of within-day precision for CoQ10
in human plasma were 0.2-3.90%. Analytical
recoveries were 95.5-101.30%,  whereas the average

CV% of CoQIl0 reproducibility was 0.959%.

variations

Conclusion: A new improved rapid, precise, and sensitive
HPLC method for the quantitation of CoQ10 is suitable
for analysis of blood plasma samples.
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oenzyme Q10  (2,3-dimethoxy-5-  methyl-

6-decaprenyl benzoquinone), also known as
ubiquinone, is a lipid soluble component of all
eukaryotic cells."” It is an endogenously synthesized
provitamin serves as a lipid soluble electron carrier in
the mitochondrial electron transport system,"®” as well
as an important intracellular antioxidant. Coenzyme
Q10 protects phospholipid and  mitochondrial
membrane proteins from peroxidation, and protects
DNA against the oxidative damage that accompanies
lipid peroxidation.® Coenzyme Q10 exists in several
forms, ubiquinone (oxidized form; CoQ10), ubiquinol
(reduced form; CoQ10 H), which is formed from
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the reduction of ubiquinone with 2 equivalents, and
semiquinone radical (free radical form, Co Q10 H-)
which is formed by the reduction of oxidized form with
one equivalent.® It is prevalent in humans, with high
endogenous concentration found in the heart, liver,
kidney, retina, and pancreas.*> Presence in the inner
mitochondrial membrane, CoQ10 serves as an electron
transport carrier during the process of respiration
and oxidative phosphorylation, and it involves the
manufacturing of ATP. Coenzyme Q10 directly involved
in the mitochondrial electron transport chain by the
regulation of NADH and succinate dehydrogenase
activities enabling reversible reactions between these
enzymes.>”® Coenzyme Q10 also may prevent the
depletion of metabolites necessary for the synthesis of
ATP*° It must be reduced to wield its antioxidative
function, and supplementation may inhibit lipid
oxidizability.** During supplementation with CoQ10,
the level of lipid peroxidation decreased in healthy
subjects, yet levels of another antioxidant, and vitamin
E, remained constant. It appears CoQ10 exerts a sparing
effect on vitamin E and perhaps more efhiciently prevents
lipids peroxidation by inhibiting both its initiation and
propagation steps, whereas vitamin E inhibits only
propagation step. The membrane, stabilizing properties
of CoQ10 emerge from the reduction of free radicals
that may cause damage to structural proteins and lipids
found in cell membranes.** Other mechanisms of action
may include stabilization of calcium dependent slow
channels, inhibition of intracellular phospholipases,
and alteration of prostaglandin metabolism.” Also
CoQ10 acts as a potent antioxidant by its action in
decreasing the formation of free radicals. It improves the
transport of electrons and protons and thus prevents the
formation of superoxide radicals. In the other word, it is
a strong acting endogenous antioxidant by its action as a
substrate for free radicals and accepts the free electrons
from free radicals; gets converted to reduced CoQ10
(ubiquinol), thus rendering free radicals into harmless
compounds.*® Recent reports suggest that the percentage
of reduced CoQ10 in total plasma concentration of
CoQ10 may be lower in patients with many diseases
and this ratio may be a useful biomarker of oxidative
stress.* The accurate and effective measurement of
CoQ10 is important for clinical diagnosis. To date,
reduced CoQ10 stability has created problems with its
measurements, since it is easily oxidized when exposed
to air and thus, susceptible to pre-analytical degradation
and analytical error. Investigation of CoQ10 H, in
clinical studies has been hampered by the instability
during sample handling, storage, and processing.'®!!
According to several investigators, the concentration
of CoQ10 H, decreases rapidly within one hour after
phlebotomy.'>!3 At room temperature, it is oxidized at a

rate of 3 nmole/minute. in the hexane extract of human
plasma.'? This is very impractical for analyzing even
small numbers of biological specimens. Therefore, in
this study a simple, and rapid high performance liquid
chromatography (HPLC) procedure was developed
for simultaneous determination of total CoQ10 in
human plasma in which CoQ10 was first extracted
with 1-propanol and the supernatant then was injected
immediately to improved the isocratic reversed phase
HPLC system with UV detection.

Methods. This study was conducted in Chemistry
and Biochemistry Department, College of Medicine, Al-
Nahrain University, Baghdad, Iraq between September
2004 to July 2005. After obtaining the approval of the
Research and Ethics Committee of Al-Nahrain Medical
College and written consent from all participants,
60 male healthy volunteers aged 28.51+7.30 years
participated in this study. Exclusion criteria included
smoking, diabetes, hypertension, hyperlipidemia,
nephrotic syndrome, acute or chronic renal failure,
stroke, and ischemic or coronary heart disease, and
those taking medications especially statin drugs. All
individuals signed a consent form to allow the use of
their blood samples in this study.

Measurement of CoQI0 maximum wavelength
(A max). A standard CoQ1l0 with 43.7 pmole/L
concentration dissolved in absolute ethanol was
prepared and placed in a sample beam quartz cuvette
against ethanol in the reference beam and the absorption
spectrum was recorded in 210-340 nm wavelengths
range.

Preparation of plasma samples. All sample handling
was performed in shaded light to avoid photochemical
decomposition of CoQ10. Overnight fasting blood
samples were taken from the antecubital vein, 5 mL of
blood was transferred to a heparinized tube and mixed
by gentle inversion 5-6 times. The tube was not opened
to ambient air and was placed in ice before processing.
Blood samples were processed within one hour after
collection and centrifuged at 2,000 x g for 10 minutes
at 4°C. The blood plasma was processed immediately.

Preparation of calibrators. All calibrators were
prepared under a dim light to avoid photochemical
decomposition of CoQ10.M A stock solution was
prepared by dissolving 10 mg of pure CoQ10 (Sigma-
Aldrich Company) in 10 mL of hexane and diluted this
solution to 100 mL with 1-propanol. The solution was
thoroughly vortex mixed until complete dissolution.
A working calibrator was then prepared by dilution
with 1-propanol to 5 mg/L. The exact concentration
of the working solution was then calculated by reading
the absorbance in a spectrophotometer (at 275 nm
wavelength, 1 cm quartz cuvette) using a molar

Saudi Med J 2009; Vol. 30 (9) 1139

WWW. Smj.org.sa



New developed HPLC CoQ10 method ... Abdul-Rasheed ¢ Farid

absorptivity (€) of 14,200. A series of calibrators was then
prepared with the appropriate volume of 1-propanol to
final CoQ10 concentrations of 0.1 mg/L, 0.5 mg/L, 2
mg/L, 3 mg/L, and 4 mg/L. The calibrators were then
stored in 1.8 mL polypropylene tubes at -20°C until
use. A standard curve was plotted between CoQ10
standard concentrations against area under peak (AUP)
of each standard concentration.

Choice of the most appropriate mobile phase polarity.
Two sets of experiments were performed; the first was
carried out with the use of perchloric acid/sodium
perchlorate mixture while the second set was performed
without the addition of perchloric acid/sodium
perchlorate mixture. In each experiment, the elution
polarity was changed to obtain the most appropriate
mobile phase for CoQ10 measurement.

The polarity or mobile phase strength was expressed
as polarity index (P"A,B). In mixtures with 2 components
A and B, the polarity index was calculated according to
the following equation:

P'aAB=DPAPA+ DPBP'B

Where: A = 1-propanol solvent, B = methanol solvent,
DA = fraction of 1-propanol in 1-propanol/methanol
mixture, P'A = Polarity index of 1-propanol component,
®B = Fraction of methanol in 1-propanol/methanol
mixture, and P'B = DPolarity index of methanol
component.

Sample analysis. Coenzyme Q10 concentrations
were determined by modifying the HPLC method of
Edlund® and Wahlqvist et al.'® Coenzyme Q10 was
extracted from plasma by extraction with 1-propanol.
A 300 pL of plasma sample was placed on a 1.8 mL
capped polypropylene tube. All tubes were kept in an
ice bath during all processing steps. The sample was
then mixed with 1 mL of cold 1-propanol. All tubes
were vortex mixed for 5 minutes and centrifuged
for 10 minutes at 21,000 x g and 4°C. The resultant
supernatant (1-propanol extract) was separated from the
precipitate. Three sets of tubes were prepared for each
sample to determine CoQ10 level. The first set contains
1-propanol extract only, the second set was prepared by
mixing equal volumes of 1-propanol extractand CoQ10
standard (2mg/L), and the third set consists of CoQ10
standard (2 mg/L) only. A 20pL of each set was injected
immediately and separately into an automated HPLC
system. All tubes were kept in an ice bath during all
processing steps.

The mobile phase used was 1-propanol: methanol
(60:40, by volume) containing 89.5mM perchloric
acid and 57mM sodium hydroxide with a flow rate of
1.0mL/ minute. Detection was performed by ultra violet
(UV) absorption at 275nm. Quantification was done

1140 Saudi Med J 2009; Vol. 30 (9)

WWW.Smj.org.sa

by comparing the area under peaks (AUP) of samples
with those obtained for standards. The measurement of
CoQ10 depends on the standard addition method."”
The HPLC-UV-VIS system used was Shimadzu (Kyoto,
Japan) model LC-10ATVP solvent delivery module
equipped with a double plunger-reciprocating pump,
an SPD-10AVP model UV-VIS detector and 2 cells
(pre- and post- column) and an analytical cell.

The reversed-phase chromatography with isocratic
elution was carried out on an analytical column packed
with Econosil C18 5U, with 250mm length and 4.6
mm internal diameter (ID) in conjunction with a
guard column to protect the analytical column. Two
pneumatic 6-port valves (Model 7125 Rheodyne,
Cotati, CA, USA) injector was set at a needle height of
1.5 mm, and the injection volume was set at 20 pL.

Peak heightand area measurements for each injection
were obtained by the Shimadzu Chromatopac C-R1B
model (Kyoto, Japan).

Coenzyme QIO recovery. Two pools of healthy
plasma were prepared as Dbaseline specimens.
Quadruplicate assays are performed. The amount
recovered is determined by subtracting the amount
originally present in the respective pools from the
amount measured or “found”.

Reproducibility of CoQI10. To verify the
reproducibility of the CoQ10 analysis, human plasma
samples from 10 healthy individuals were examined (5
replicates each).?*?!

Statistical analysis. The data were analyzed by
computer software program Statistical Package for Social
Sciences (SPSS for windows, version 17, Chicago). Data
were expressed as mean + SD.

Results. Figures 1 shows the UV spectrum of
CoQ10 in the 210-340 nm region. From this figure
the Amax of CoQ10 was found to be 275 nm. To
optimize the separation conditions of CoQ10, 2 sets
of experiment were performed, the first one is by
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Figure 1 - UV spectrum of 43.7 ptM coenzyme Q10 (CoQ10) standard

dissolved in absolute ethanol.
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Figure 2 - Retention time of coenzyme Q10 (CoQ10) separation by
high performance liquid chromatography (HPLC) method
versus mobile phase polarity index in the presence and absence
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Figure 4 - Coenzyme Q10 (CoQ10) calibration curve (linear regression
line, y=22068 x -1772).
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increasing the mobile phase polarity index without
the addition of perchlorate, while the second set was
carried out by increasing the polarity index with the
addition of perchlorate, Figure 2. Each chromatographic
system was evaluated by measuring chromatographic
criteria in addition to retention time value. From
these experiments, it was found that the most suitable
mobile phase used for the measurement of CoQ10 in
human plasma was 60% 1-propanol, 40% methanol,
57mM sodium hydroxide and 89.5mM perchloric acid.
To evaluate the separation method, some important
chromatographic criteria were measured accordingly'®"
as listed in Table 1. Figure 3a shows the chromatogram

of standard CoQ10 (2 mg/L) only, Figure 3b illustrates
the chromatogram of extracted plasma CoQ10 while
Figure 3¢ shows the chromatogram of extracted plasma
CoQ10 plus standard CoQ10 (2 mg/L). Triple analyses
were performed in optimized conditions with different
CoQ10 concentrations and averaged to establish the
calibration curve shown in Figure 4. An excellent linear
relationship was observed between the peak areas versus
CoQ10 concentration. Coenzyme Q10 was found to
be linear in the concentration range from 0.1 mg/L to
4.0 mg/L according to the developed HPLC method,
and the lower detection limit was found to be 5 pg/L.
The analytical recoveries of CoQ10 in human plasma
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Table 1 - Chromatographic parameters of coenzyme Q10 (CoQ10) separation on Econosil C18 column with 60% 1-propanol, 40%
methanol, 57 mM sodium hydroxide and 89.5 mM perchloric acid mobile phase.

Component A

t, (minute) R

Selectivity (o) N HETP

CoQ10 1.001 9.0

5.16

1.525 2025 0.0123

t,- retention time (minutes), A; - peak asymmetry, R; - resolution
N - number of theoretical plates, HETP - height equivalent to a theoretical plate.

Table 2 - Coenzyme Q10 (CoQ10) recovery results

Plasma pool Intended CoQ10 Measured CoQ10 Recovered CoQ10 CV Mean recovery
concentration (mg/L) concentration (mg/L) concentration (%) (%)
mean+S.D mean+S.D (mg/L)
A 0.0 0.076 + 0.0030 - 3.90 101.30
B1 0.0 0.430 + 0.0011 - 0.20 95.50
B2 1.20 1.600 + 0.0200 1.17 1.25 97.50
B3 3.00 3.520 + 0.0660 2.99 1.80 99.60

Average: 98.5%

Table 3 - Reproducibility of the coenzyme Q10 (CoQ10) analysis in

human plasma.

Sample CoQ10 concentration CV

(mg/L) (%)

(mean = S.D)

1 0.812 + 0.003 0.37
2 0.843 £ 0.008 0.95
3 0.876 + 0.005 0.57
4 0.765 + 0.007 0.91
5 0.640 + 0.009 1.40
6 0.896 + 0.004 0.44
7 0.696 + 0.005 0.72
8 0.88 +0.009 1.02
9 0.750 £ 0.008 1.06
10 0.834 £ 0.018 2.15

Average: 0.959%

controls are shown in Table 2. Analytical recoveries
range was 95.5-101.3%. These individual recoveries are
averaged to give an estimate of 98.5% recovery, which
corresponds to a 1.5% proportional error or actual
errors of 0.75 mg/L at 50 mg/L and 0.015 mg/L at
1 mg /L. These errors are less than the allowable error
and thus do not invalidate the analytical procedure.?**!
The reproducibility of the CoQ10 analysis is presented
in Table 3. The CVs for the total CoQ10 were <1%,
which shows the excellent reproducibility of analysis.
The CoQ10 concentration (mean + SD) was measured

in blood plasma of healthy volunteers and was found
0.8220.050 mg/L.

Discussion. Coenzyme Q10 is a very lipophilic
crystalline compound with good solubility in
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hydrocarbons. It is slightly soluble in ethanol, almost
insoluble in methanol and completely insoluble in
water.”” From the CoQ10 UV spectrum curve (Figure
1), it was found that the Amax of this compound is
approximately 275 nm, this result is in accordance
with previous investigators.">*  Various HPLC-EC
(electrochemical detection) methods have been
described in the past that attempted to measure
CoQ10. Historically, many methods are used for the
CoQ10 measurement. These methods used chemical
reagents to avoid the CoQ10 oxidation and to preserve
the photosensitive compound from photodegradation.
Previous methods failed in obtaining a reliable method
because of the multistep extraction methods usually
provide poor yield of CoQ10 measured. Intensive care
is required to avoid the oxidation process by ambient
oxygen. Preparation of calibrators and controls is
particularly problematic to protect CoQ10 H, from
oxidation to CoQ10.' 1-propanol is the most lipophilic
alcohol that is miscible with water. It was a slightly more
effective extraction medium than 2-propanol and much
more effective than acetonitrile and lower alcohols.”
The current method utilizes one step 1-propanol
extraction method to minimize the photodegradation
of CoQ10 and the artifactual oxidation of CoQ10 H,
that frequently occurs during the chemical processing
steps. The plasma proteins were precipitated during
extraction and were separated by centrifugation. The
present method uses the UV detection instead of the
electrochemical detection used previously. Analytical
recoveries were 95.5-101.3%. Although the current
procedure requires 300 pL of sample, the sample size
could be further reduced to 200 or 150 pL depending
on the detection of trace amounts of CoQ10. The
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other positivity of the current method is that the lower
retention time of CoQ10 which is about 8 minutes and
this will permit us to analyze a lot of samples within a
short period of time. The linearity of the present method
over a wide concentration range from 10pg/L to 4 mg/L
was in accordance with results obtained by previous
authors.' This improvement is important for providing
rapid, specific, sensitive, and reliable method for use in
both clinical routine work and research laboratories.
Edlund (1988)" reported that the normal CoQ10
level mean in serum was 0.818 pg /mL. Kaplan et al
(1996)" found that the level of human plasma CoQ10
was 0.47+0.18 mg/L. On the other hand, Grossi et al*®
stated that the average level in healthy subjects was
0.80 mg/L with the UV detection method. Recently,
many investigators reported that the normal plasma
CoQ10 level was 1.02+0.30 pmole/L,® whereas Burke
et al' reported that the normal level of this coenzyme
in human plasma was 0.49+0.14 mg/mL. In this study,
the mean + SD plasma level of healthy controls was
0.822+0.050 mg/L and this value was in consistence
with the previous reports.

The limitation of this study is the capability of
the method to measure the total CoQ10 rather than
oxidized and reduced forms, this needs further future
work.

In conclusion, a simple rapid HPLC method was
developed using a one extraction step. This improved
method gives excellent sensitivity, precision, and
accuracy in human plasma; therefore, it is suitable for
both research and clinical testing purposes.
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