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The literature on the most frequently used methods for quantitative determination of coenzyme Q,, in biologi-
cal materials was reviewed. HPLC in combination with electrochemical detection had the advantage among
spectrophotometric, electrochemical, and chromatographic methods owing to high selectivity and sensitivity

and the availability of modern detectors.
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Drugs capable of correcting metabolic dysfunctions must
be discovered because of the increasing incidence of diseases
caused by them.

One such drug is ubidecarenone (coenzyme Q,;, CoQ,,
2-[(2E,6E,10E,14E,18E,22E,26E,30E,34E)-3,7,11,15,19,23,
27,31,35,39-decamethyltetraconta-2,6,10,14,18,22,26,30,34,
38-decaenyl]-5,6-dimethoxy-3-methylcyclohexa-2,5-diene-1
;4-dione). The chemical structure of CoQ,, comprises a
benzoquinone and 10 isoprene groups in a side chain
(Fig. 1).

The lipophilic side chain in CoQ,, is responsible for its
hydrophobic properties. For this reason, CoQ), is practically
insoluble in H,0, soluble in Me,CO, and very poorly soluble
in EtOH [1]. CoQ, is sensitive to chemical factors because
the benzoquinone ring is easily oxidized.

The present work reviewed the literature on analytical
approaches that are used most widely in biopharmaceutical
research of CoQ, ..
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Sample preparation of CoQqy

Sample preparation precedes quantitative analysis and is
performed in order to separate the analyte from associated
components. The analysis of CoQ,, in biological materials is
rather complicated because the compound is highly sensitive
to physicochemical factors [2].

Tissues must be thoroughly homogenized in order to de-
termine CoQ,, in them. The recommended homogenized
sample mass is 0.5 — 1.0 g [3]. Sample preparation in a dark
room is recommended because the analyte is light-sensitive
[4]. Several researchers suggest preparing samples at low
temperature (4 — 5°C) in order to reduce the decomposition
rate of CoQ,, [5, 6]. Various solvents, e.g., H,O [7], normal
saline [8], and extractants such as 2-PrOH [3] and a
MeOH—hexane mixture [9] were used to prepare a homoge-
nate of the required consistency. Samples should be pro-
tected from oxygen because of the high propensity of CoQ,,
to oxidize. For this reason, antioxidants such as
2,6-di-tert-butyl-4-methylphenol ~ (BHT) or  sodium
borohydride were added to the solution [9, 10].

The next step in sample preparation is deproteination of
the homogenate or biological fluids (blood, serum, plasma)
because proteins in them have a negative effect on chroma-
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tography columns. Proteins are precipitated by EtOH,
MeOH, 2-PrOH, or their mixtures [11]. EtOH is used most
often to deproteinize blood [10, 12 — 15] and homogenates of
various tissues [5—7, 9, 16] because it is available and
mildly toxic.

The next step after protein precipitation is separation of
CoQ),, from other matrix components. Such substances are
removed by liquid—Iliquid extraction using extractants such
as PrOH, petroleum ether, 2-PrOH, hexane, or their mixtures
with MeOH, EtOAc, and EtOH. These extractants provide
selective solubilization of the analyte and highly efficient ex-
traction. For example, n-hexane was used to extract CoQ,,
from blood plasma [17 — 19]. 2-PrOH was used to isolate
CoQ,, from rat blood serum [20]. A mixture of petro-
leum-ether—EtOAc—MeOH (1:1:1) extracted CoQ,, from
multivitamin dietary supplements [21]. Also, n-PrOH was
recommended for deproteination and extraction of CoQ,,
from blood plasma [22]. Plasma and tissue homogenates
were extracted by an EtOH—n-hexane mixture (1:2.5)
[23, 24] with modifications [25]. The extraction procedure
was performed twice, adding n-hexane after collecting the
first extract. The extracts were combined, evaporated to dry-

ness, and dissolved in an aliquot of EtOH.
The final sample-preparation step removed traces of

extractant. For this, an inert gas was used as the drying agent
[12, 26]. The procedure was carried out at room temperature.
Evaporation at low pressure was used for most of the extract.

Methods for quantitative determination of CoQqy

Physicochemical analytical methods are used for quanti-
tative determination of CoQ,,. The conjugated double-bond
structure in ubidecarenone has a characteristic absorption in
the UV region with the analytical wavelength at 275 nm.

Spectrophotometric methods

Spectrophotometric (SP) methods were used primarily
for routine determination of CoQ,, in pharmaceutical prepa-
rations [1]. These methods have the advantages of availabil-
ity, rapidity, avoidance of toxic solvents, and low analytical
costs. The selectivity and sensitivity of SP methods can be
increased by preparing and analyzing CoQ,, derivatives.
Thus, a colorimetric method was used to determine CoQ,, in
human urine after preliminary nucleophilic substitution of a
methoxy by cyanoethylacetate [27]. The reaction produced a
blue compound. Later, this reaction was used to determine
CoQ,,, in human blood [13].

Important deficiencies of SP methods are the low sensi-
tivity and selectivity and the ability of ballast substances to
affect the analytical signal.
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Fig. 1. Structural formula of CoQ according to European Phar-
macopoeia 2005, ver. 5.2; C59Hg(Oy, mol. mass 863.34.

Electrochemical methods

The electrophilic groups in ubiquinone can be used for
electrochemical analytical methods. Polarography was used
to determine CoQ, in medicines and biologically active ad-
ditives [28].

A voltammetric method for quantitative determination of
CoQ,, in medicines could also be used [29]. The drawbacks
of electrochemical methods are the use of toxic solvents and
the lengthy labor-intensive sample preparation, during the
course of which the ubiquinone—ubiquinol ratio can change.

HPLC methods

However, HPLC methods combined with various detec-
tors have become the most common. HPLC with electro-
chemical [30], spectrophotometric [31], and mass-spectro-
metric detection [32] is the most common method for quanti-
tative analysis of CoQ,, in biological samples. Highly
selective and sensitive fluorescence detectors were also used
to analyze biological samples. Fluorescent groups were
added to CoQ,, in order to analyze it because CoQ), itself
does not fluoresce [33].

Reversed-phase (RP) HPLC was recommended for
ubidecarenone determination [34]. This method has several
advantages over normal-phase HPLC, i.., better
reproducibility and high selectivity.

HPLC with spectrophotometric and electrochemical
detection

The European Pharmacopoeia (7" Ed.) gives an HPLC
method with spectrophotometric detection at 275 nm.
RP-HPLC using EtOH—MeOH (20:80) mobile phase was
used for the analysis [1]. An RP-HPLC method for determin-
ing CoQ,, in biological samples such as urine, organ tissues,
and plasma was developed [35]. An internal standard, i.e., a
solution of CoQ,, in hexane, was used during the analysis.
The mobile phase was a mixture of MeOH and hexane (3:1).
The ubiquinone signal was detected at 275 nm. The detection
limit was 10 ng/mL. A method for joint determination of
a-tocopherol, CoQ,, and retinol in human plasma was de-
veloped [12]. The mobile phase was MeOH—hexane
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(70:30). Detection was made at 276 nm. The detection limit
for ubiquinone was 0.83 pM.

An HPLC method with electrochemical detection was re-
ported [23]. The analysis used a Coulochem II electrochemi-
cal detector with a model 5011 cell (ESA, USA) and a
Phenomenex Luna C18 column (150 x 4.6 mm, 5 um). The
mobile phase included NaCl solution (0.3%, w/v) in a mix-
ture of EtOH—MeOH—HCIO, solution (7%) (975:15:10 ra-
tio). The oxidized species was converted to the reduced form
by adding an alcoholic solution of NaBH, to the plasma ex-
tract before placing it on the column. Ubiquinol was detected
under oxidizing conditions at potentials of =50 mV/+350 mV
on the first and second electrodes, respectively.

Electrochemical and SP detection were compared for an-
alyzing CoQ,, in plasma [36]. The matrix was purified be-
forehand over a silica-gel cartridge (Bond Elut Si) in order to
diminish the effects of interfering components. Then, the
eluate was passed over a Bond Elut C18 cartridge with elu-
tion by 2-PrOH and analysis using a RP Ultrasphere XL C18
column (4.6 x 70 mm). The eluent for SP detection was
MeOH—2-PrOH (4:1); for electrochemical detection, a mix-
ture of acetate buffer (50 mM) and 2-PrOH—MeOH
(24:450:1435). The detection limit was 50 ng/mL for SP and
5 ng/mL for electrochemical detection. The supporting elec-
trolyte in most studies was lithium perchlorate. Ammonium
formate was selected as the best supporting electrolyte be-
cause the corrosive perchlorate in LiClO, shortened the ser-
vice life of the instrument [37]. CoQ,, in urine was deter-
mined quantitatively using HPLC with electrochemical de-
tection [38]. An electrochemical Coulochem II detector with
a model 5010 cell (ESA, USA) and Nucleosil 100 C-18 col-
umn (250 x 4 mm, 5 um) was used in the work. The mobile
phase consisted of LiClO, in a MeOH—EtOH mixture
(65:35). Detection was made at potentials —600/+-600 mV.

HPLC with mass-spectrometric detection

The advantages of the method are the high sensitivity
and selectivity and reliability, which allow CoQ), to be de-
termined in complicated matrices. Furthermore, the oxidized
and reduced forms of the coenzyme can be determined by us-
ing a simple sample-preparation procedure. These advan-
tages are considerable for CoQ,, analysis in various biologi-
cal samples. One study focused on HPLC determination of
CoQ,, using different detectors, i.e., electrochemical and
mass-spectrometric with an ion trap [39]. The ionization
sources used electrospray and chemical ionization at atmo-
spheric pressure. The effects of the different ionization types
on the detection of negative and positive ions were studied.
The best results were obtained in negative-ion mode. The de-
tection limit was 1 ng/mL. A method for determining the oxi-
dized and reduced forms of CoQ,, in human blood plasma
was developed using UPLC in combination with tandem
mass spectrometry. The determination was made using
electrospray-ionization mass spectrometry in positive-ion
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mode. The detection limits for the oxidized and reduced spe-
cies were 10 and 5 ng/mL, respectively [40]. Thus, although
SP methods are the most popular and utilized for pharmaceu-
tical analysis of CoQ,,, the complicated matrices of biologi-
cal samples argue in favor of more selective and sensitive
methods, i.e., HPLC in combination with SP, electrochemi-
cal, and mass-spectrometric detectors. SP detectors do not al-
ways have sufficient selectivity and sensitivity. Despite the
obvious advantages, HPLC with mass-spectrometric detec-
tion has not yet received wide acceptance because of high
equipment costs. Disadvantages of electrochemical detection
methods include the use of toxic solvents and labor-intensive
sample preparation, during the course of which the
ubiquinone—ubiquinol ratio can change. Nevertheless,
HPLC with electrochemical detection is currently the opti-
mal choice for biopharmaceutical analysis of CoQ,, owing to
the combination of high selectivity and sensitivity and avail-
able modern detectors.
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