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Abstract

A new method of determining coenzymedQdn human plasma was developed based on column-switching high performance liquid
chromatography (HPLC). Co@was quantitatively extracted into 1-propanol with a fast one-step extraction procedure, after centrifugation,
the supernatant was cleaned on an octadecyl-bonded silica column and then transferred to reversed-phase column by a column-switching
valve. Determination of CoQQwas performed on a reversed-phase analytical column with ultraviolet detection at 275 nm and the mobile phase
containing 10% (v/v) isopropanol in methanol at a flow-rate of 1.5 ml/min. The sensitivity of this method allows the detectiqugsir.1
CoQy in plasma (S/N= 3). The linearity between the concentration and peak height is from 0.05 to 20 mg/I. The reproducibility (R.S.D.%)
of the method is less than 2% (within day) and less than 3% (between day), the average recove8/-is2l0%, it takes only 30 min to
complete an analysis procedure, suitable for the determination of@ouman plasma especially for batch analysis in clinical laboratories.
Finally, the method was applied to determine the plasma;gtE®els in healthy subjects, hyperthyroid and hypothyroid patients.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction CoQyp to monitor the bioavailability of orally administered
CoQuo.

Coenzyme @ (CoQp), also known as ubiquinone, is a Many analytical methods have been reported for quantita-
lipid soluble compound that mainly locates in the mitochon- tive determination of Cog) in human plasmg—15], such
dria and acts as an electron carrier in the electron trans-as spectrophotometr[g,6], voltammetric[7] and chemilu-
port chain[1], so it is essential for the production of cellu- minescen{8]. Among these publications, the most popular
lar energy in the form of phosphate adenosine triphosphatetools used for assaying are HPL@-15], because of the
(ATP). Moreover, Co@y has been studied as an antioxi- complexity of biological fluid specimens, they usually re-
dant agent, together with other lipophilic antioxidants GeQ  quired samples purified before injection. Thin layer chro-
plays an intrinsic role in protecting circulating lipoproteins matography (TLC) and solid phase extraction (SPE) pre-
against oxidative damage]. Therefore, its concentration treatment method have been described in several literatures
in lipoproteins and plasma may be a useful marker of ox- [11-14] those manual purification methods are time and
idative stress and antioxidant defense. Since {ga@n be money consuming, unsuitable for routine determination, es-
used as a food supplement or as an adjunctive therapy in sevpecially for clinical chemistry laboratories. In this paper, a
eral diseasef3,4], it is necessary to assay plasma levels of procedure of determining Cq@ with on-line sample pu-

rification is investigated based on column-switching HPLC,
mspon ding author. Tels 86-411-3693403; resulting in an au_tomatic analysis method_, in the meantime,
fax: +86-411-3693403. ' th(_a Coqo levels in plasmq of healthy subjects and the thy-
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2. Experimental series of standard solutions were obtained by diluting stock
solution to final Co@g concentration of 0.05, 0.2, 0.4, 0.8,
2.1. Chemicals 1.2, 2, 4, 10, 20 mg/l. Working solutions of standards were

prepared in ethanol: water (1:0.3), All solutions were stored
CoQy o was purchased from Sigma (St. Louis, MO, USA), in icebox kept at-20°C.
methanol, 1-propanol, isopropanol were purchased from Te-
dia (Fairfield, OH, USA). All chemicals were HPLC-grade 2.4. Preparation of samples
and were used without further purification. Ethanol was an-

alytical purification obtained from China. All heparined plasma samples were kindly supplied by
Dalian Center Hospital (Dalian, China). Samples collection
2.2. Equipment was performed in a dim condition. Plasma samples were

stored in icebox and kept at20°C until analysis.

All chromatographic experiments were conducted us- In the day assigned for analysis the samples were thawed
ing a Shimadzu LC system (Shimadzu scientific instru- for 2h at room temperature. Three hundred microliters of
ments, Japan) incorporating a LC-10Atvp pumping system, plasma was supplemented with 1 ml of 1-propanol and vor-
SIL-10Advp autoinjector, SPD-10Avp UV detector set texed for 2min, after centrifuged at 8000 rpm for 10 min (to
at 275nm, SCL-10Avp system controller and Shimadzu Spin down the protein precipitate), 4(0of the supernatant
Class-VP version 6.10 software. Column-switching was Wwas injected into HPLC.
achieved using electric six-port valve (Rheodyne, USA).

Valve switching was controlled using Shimadzu SCL-10Avp 2.5. Column-switching HPLC conditions

system controller and Shimadzu Class-VP version 6.10

software. The precolumn (20 mr¥.6 mm i.d.) was packed A short precolumn was used to eliminate both polar com-

with 5um Hypersil Gg (Elite, Dalian, China). The ana- pounds including reagents and strongly retained solutes. The
lytical column (150 mmx 4.6 mm i.d.) was packed with ~mobile phase for the precolumn was pure methanol em-
5um Hypersil ODS (Elite, Dalian, China). The automatic ~ ployed at a flow-rate of 0.5 ml/min by pump Eig. 1). The

analytical system was assembledFig. 1 fraction containing the analyte of interest was transferred
from the procolumn to the analytical column by a mobile
2.3. Preparation of standards phase containing 10% (v/v) isopropanol in methanol at a

flow-rate of 1.5 ml/min delivered by pumps 2 and 3. The

All sample preparation work was carried out under a separation.was performeq on the analytical column with the
dim light to avoid photochemical decomposition of GgQ ~ S@me mobile phase keeping the same flow-rate and the de-
Ten milligrams CoQ@o was completely dissolved in 25ml  tection was performed with UV .set at 275 nm, while the
ethanol, the exact concentration was calculated by readingPrecolumn was washed and activated with pure methanol,
the absorbance on a spectrophotometer (275 nm wavelengthPreparing for the next analysis. These switching events are
1 cm quartz cuvette) using its molar absorptior 14,600). listed inTable 1
The stock solution (100 mg/l) of Co@was prepared by di- o o
luting above solution in appropriate volume of ethanol. A 2-6. Quantification and validation methods

The quantification of CoQ10 was performed with an ex-
ternal standard method. Recovery of Gg@as determined
by spiking three known concentrations (1-3 mg/l) of GoQ
to a plasma sample, and the result was calculated by the
comparison of spiked amounts and the measured amounts.
The accuracy was evaluated by determining a same sample
repeatedly for three times in 1 day at the same conditions. To
obtain the day-to-day reproducibility, a same plasma sam-
ple was assayed five times (one time per week) at the same
conditions.

3. Results and discussion

CoQ is a lipophilic molecule, which always lies in
Fig. 1. The diagram of automatic analysis system. A: pump 1; B: pump P'asmfa_ associated with kinds of lipoproteins a”‘?' Ot_her
2; C: pump 3: D: autoinjector; E: precolumn; F: electric six-port valve; l1POphilic compounds. Usual methods for determination
G: mixing container; H: analytical column; I: detector; J: waste drain. ~ 0f CoQyp in plasma or biological tissues were based on
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Table 1

Scheme of column-switching events

Time after Valve position Flow-rate of mobile  Flow-rate of mobile Event

injection (min) phase in column E phase in column H

0-4 LOAD 0.5 15 Sample is injected onto precolumn and then be purified
4-6.5 INJECT 0 15 The analytes are eluted from column E to column H

>6.5 LOAD 0.5 15 Separation on column H, while column E is being activated

alcohol-hexane extractiof®,10,12,13] the extract was
brought to dryness and redissolved before injection. Those 1
methods need more handling time, resulting in artificial er- 0.0010
ror and poor reproducibility. Based on Mosca et[&b], a
simple and fast method with one-step extraction procedure
was possible.

To extract Co@g from plasma, different organic solvents ATT 0.00D5
that are miscible with water in all proportions were tested.
The recoveries of Cofg in such solvents were given in
Table 2 This result was consistent with that of EdIufid]. (N
Methanol, acetonitrile and 10% (wi/v) trichloroacetic acid 00000
were not suitable because of strong polarity, the recoveries
of CoQyg in these solvents were zero. Propanol was chosen. o 10 20 a0

Quantitative determination of Cq@ in the solvent- t/min
extracted plasma without any purification was found unsuit- _ , . . . .

. . . . Fig. 2. Analytical profile obtained from automatic analytical system.
able for ro_u“ne determinations accordlng to §0m_e _aUthorS Column-switching HPLC conditions a&able 1 Identification—1: CoGy
[11,18] owing to the large solvent front, the dirty injected (g 64 mgr).
sample and the short column lifetime. TLT4] had been

ngiasoz? ?gfg\t,zf tc;(;l dtoaggﬂg:heweexrteraggﬁar;ncg dplzs'rrggéijection and the scheme of column-switching were controlled
P y y ' by a system controller, resulting in an automatic analytical

ftealhiﬁ]]oa(\jn(;fKazlan '?'tcz?tl'[jr?] tt)o?kt\ifEt:s agf agterna- o system of Co@y determination, which made the prepurifi-
Ve d thi pr pu|r|| tl t ut tﬁ dps | ?r dcation be completed on-line and the internal standard un-
required, this manuai pretreatment metod was aiso tire necessary. This automatic analysis system has significantly

and rgore efxper?fs.wet.. Komtrl‘:\uri.lll] h?d SITglgllgdbtr}[eth minimized sample handling. It only took less than 30 min to
procedure of purification with only a step o , but the complete one sample assay.

solvent front was so large that it cannot be thought as an Recovery of CoQ in this method was determined by

ideal method of prepurification. spiking three known concentrations (1-3mg/l) of GgQ

.f.ln E.hls Paper, a|S|mpIe a_rt1dhrlap|q rgeth?d otjor_:_—lme p(rjet[r)]u— to a certain plasma sample, and the result was calculated
rification using column-switching 1S developed. 10 avoid the by the comparison of spiked amounts and the measured

%?%grlnr}ﬁ (t)(: ;hp?r:rgéwf ti)e(:trpar%tt::\i/ﬁspfee;gil':;?eegsa(t:Sr%%?ert%rlg amounts. The satisfactory recoveridalfle 3 showed the

as possible. After the supernatant was injected by autoinjec-e‘cnc.:Iency of CoQo extraction and thg precision of determi-

tor, the sho.rt column before analysis column packed with nation. All processes were gqtomatlcally and cqnfgrmably
' controlled, the method exhibits good reproducibility and

octadecyl-bonded silica was used to eliminate both polar good accuracy. R.S.D.% was less than 2% (within day)

compoynds including rquents and ;trongly retained s(.)IUtes’(Table 3 and less than 3% (between day). These data also

producing the clean profilé=(g. 2. Since the events of in- mean the Cog is stable enough under the dim light during
our total research period.

Table 2 o To investigate the linear range of the method, a series

Extraction recovery using different solvents of working solutions that contain different concentration of

Solvent Volume of Volume of Recovery n

plasma (ml) solvent (ml) (mean+ S.D.) (%) Table 3
Ethanol 0.3 1 31 1 Recovery of Co@, added to a plasma sampl&’ & 3)
Acetone 0.3 1 88 1 Measured (mg/l) R.S.D. (%) Recovery (%)
2-Propanol 0.3 1 108.3 14.4 3
1-Propanol 0.2 1 96t 9.2 3 Basal concentration 0.8 0.01 1.2
1-Propanol 0.3 1 98t 3.5 3 Spiking with 1mg/l  1.79+ 0.01 0.6 99+ 2
1-Propanol 0.4 1 95.% 4.0 3 Spiking with 2mg/l  2.83+ 0.04 1.4 101.5+ 2.3
1-Propanol 0.5 1 90.% 10.7 3 Spiking with 3mg/l  3.87+ 0.06 1.6 102.3+ 2




300 P. Jiang et al. / J. Chromatogr. B 805 (2004) 297-301

Table 4

Thyroid parameters of the subjects investigated and the;gd@a obtained

Analyst Hypothyroid Healthy Hyperthyroid

Subject nd 10(f=9, m=1) 58 (f=37, m=21) 38 (f=31, m=7)

Age (year) 37.3+ 17.2 (20-79) 45.2+ 14.8 (6-72) 424 15.7 (12-70)

fT3 (pmol/l)°® 3.56+ 0.5 (2.75-4.4) 4.92+ 1.3 (2.82-11.53) 21.59 13.98 (3.63-50)
fT4 (pmol/l)© 9.23+ 4.61 (3.18-16.05) 16.4% 2.56 (12.61-24.16) 54.0% 31.28 (15.13-100)
TSH (mlu/lf 41.99+ 41.0% (2.35-100) 1.63+ 0.6 (0.005-3.37) 0.2% 0.65 (0.002-3.04)
CoQuo (mg/l) 0.88+ 0.2¢° (0.58-1.16) 0.65+ 0.25 (0.19-1.25) 0.46 0.2¢° (0.13-0.86)

a f: female, m: male.
b Significantly different from values of healthy subject® € 0.05).
¢ fT3, fT4 and TSH concentrations were determined by electrochemistry luminescence (ECL), data are reported4a$.Meftistribution range).

Table 5 producing cleaner and more replicable chromatographic pro-
The correlation between the level of thyroid hormones and that ofigoQ  files. The rapid and simple extraction procedure as proposed
Ts T, here avoided the tired alcohol-hexane extraction, improving

the precision and the reproducibility. The analysis method
proposed makes all analysis procedure be controlled by the
system controller, which results in automatic assaying pro-

CoQuo had been analyzed. It was found that the automatic cedure_and short analysis time. Additio_nally, th_e method
analysis method described in this paper has a good Iinearitymakes internal standard unnecessary. This analytical method

(R? = 0.9999) between the concentration and peak height Was suitable for routine Co@determination_, especigl_ly fqr
over the range from 0.05 to 20 mg/l, and the calibration curve cI|n'|caI chemistry Iaboraﬁones .because of its simplification,
is y = 14412x—16.664 (—peak heighty—concentration). rapidness and automation. Flnally,. the method developed
The lower limit of detection at signal-to-noise ratio of 3:1 Was used to determine the CgfJevel in human plasma, the
was approximately 0.4g/ml in human plasma. This mini-  esults showed that the concentration of Ge@as signif-
mum detectable level is close to 0.05 mg/l obtained by the /¢@ntly different from among healthy, hypothyroid and hy-

method using SPE to purify the plasma reported by Grossi perthyroid subjects, and a significant inverse correlation was
et al.[12] and Kaplan et al[13]. found between the level of Ca@ and that of the thyroid

‘hormones.

CoQuo —0.396 —0.446

* A significant correlation is foundK < 0.05).

To show the usefulness, the method developed was ap
plied to determine the Co@ level in groups of healthy
subjects and thyroid patients before any pharmacological
treatment. The information of healthy subjects and the thy- Acknowledgements
roid patients and the data of Cggobtained were given in i .
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