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bstract

A simple HPLC method with UV detection is proposed for the simultaneous determination of three lipophilic vitamins: all-trans-retinol, �-
ocopherol and coenzyme Q10 (ubiquinone) in human plasma. The following chromatographic conditions were used: RP-18 column, a mobile
hase consisted of methanol – n-hexane 72:28 (v/v) and UV detector set at 324, 292 and 276 nm for all-trans-retinol, �-tocopherol and coenzyme
10, respectively. The linearity range was 0.35–70 �M for all-trans-retinol, 0.23–44 �M for �-tocopherol and 0.12–23 �M for coenzyme Q10.
eproteinised plasma samples were extracted with n-hexane prior to the analysis. The within-day and between day reproducibilities were 1.5
nd 3.7% for all-trans-retinol, 4.0 and 5.8% for �-tocopherol and 2.3 and 3.1% for coenzyme Q10, respectively. Using the proposed method the
ollowing recoveries were achieved: 91% for all-trans-retinol, 86% for �-tocopherol and 88% for coenzyme Q10. The method was applied to the
etermination of the levels of retinol, tocopherol and coenzyme Q10 in plasma of healthy children and children treated by elimination diet.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The knowledge about the influence of oxidative stress on
uman health has increased in the last few decades. Oxidative
tress, defined [1] as an imbalance between oxygen free radicals
ormation and their scavenging by antioxidants, is recognised
o play an important contributory role in the pathogenesis of
umerous degenerative [1] or chronic diseases such as arte-
iosclerosis, allergy or cancer [2,3]. Humans along with other
erobic organisms, have evolved a variety of mechanisms to
rotect themselves from the potentially toxic effects of reactive
olecules [1]. The so called antioxidation complex includes

nzymes such as catalase and superoxide dismutases, repair
nzymes such as DNA glycosylases as well as water and lipid

oluble vitamins such as ascorbic acid (Vitamin C), �-tocopherol
Vitamin E), carotenoids, retinol (Vitamin A) and coenzyme Q10
1]. The knowledge of the level of antioxidants in human plasma

∗ Corresponding author.
E-mail address: joasia@uwb.edu.pl (J. Karpińska).
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llows estimating the state of health and can help in treatment of
erious diseases. There is a hypothesis that an observed decrease
f antioxidant intake in developed countries over the past 30
ears and changes in dietary pattern can cause the vulnerability
o the oxidative stress [4,5]. Probably, one of the effects con-
ected with the dietary habits is an increase in a number of
llergic diseases.

Quantification of lipophilic vitamins in clinical or biological
amples is very important from the medical, epidemiological
nd informational points of view. Simultaneous determi-
ation of these compounds in biological samples (plasma,
erum, tissues and plant material) appears to be difficult
ue to their liability to photooxidation, presence of cis- and
rans-isomers and their diverse polarities. Additionally, as
hey are accompanied by complex matrix, hence their assay
equires an intense sample preparation step. For the separation
f the fat soluble vitamins various extraction methods were

roposed [6].

Several papers were published relating to the determination
f lipid soluble antioxidants and vitamins in plasma or tissue
amples using various chromatographic techniques. Reversed

mailto:joasia@uwb.edu.pl
dx.doi.org/10.1016/j.jpba.2006.03.037


cal an

p
t
s
p
o
t
c
�
w
s
p
c
[
q
s
t
t
fl
o
m
[
l
e
t
e
s
t
[
[
a
v
w
o
t
c
o
c
c
m
e
t
p
f
a
T
w
t
a
q
t
d

z
w
o
e
a

i
c
v
r
r
c
w
p
t
p
a
i
e
o

2

2

a
(
S
o
(

1
o
p
i
a
s

2

a
P
t
m
u
R
4
p
1
a

2

d
c

J. Karpińska et al. / Journal of Pharmaceuti

hase HPLC (RP-HPLC) method with UV–vis detection seems
o be the most often used technique for the determination of
everal lipophilic antioxidants such as retinol, �- and �- toco-
herols, lycopene, �- and �-carotenes, Vitamins D3, K1, K2 and
thers [7–13] in plasma or tissue samples. Recently, RP-HPLC
echnique with PDA detector was proposed for assay of various
arotenoids and tocopherols [14]. Content of retinol acetate, �-,
-, �- tocopherols and �- tocopherol acetate in infant formulas
as quantified by RP-18 HPLC with UV detection [15]. The

ame technique was used for assaying Vitamins A and E in milk
owder samples after supercritical fluid extraction [16]. The
hromatographic behaviour of tocopherols [17] and Vitamin A
18] in micellar medium was the base of their separation and
uantification with UV detector in serum [17] and syrup [18]
amples. Normal phase liquid chromatography (NP-HPLC) with
he use a silica column was applied for determination of carotene,
ocopherols and tocotrienols in palm’s oil [19]. The native
uorescence of antioxidants was exploited to the determination
f tocopherols and tocotrienols in plant extracts [20], chicken
eat samples [21] and tissue samples [22] with the use of silica

21] or octadecylsilica [22] columns. The redox properties of
ipophilic vitamins were used for their coulometric [23,24] or
lectrochemical [25] detection after chromatographic separa-
ion. Vitamins A and E were determined also by microemulsion
lectrokinetic chromatography (MEEKC) [26]. Recently, mass
pectrometry was used for identification and quantification of �-
ocopherol and carotenoids [27], ascorbic acid and carotenoids
28] in botanical samples after separation on RP-18 [27] or silica
28] columns. The intense studies on elaboration of efficient,
ccurate and precise procedures quantification of lipid soluble
itamins have resulted in a great number of scientific papers
hich were gathered in comprehensive reviews [29–31]. Among
thers, only a few chromatographic methods were reported for
he simultaneous determination of carotenoids, tocopherols and
oenzyme Q10. Hermans et al. [23] have described the method
f simultaneous chromatographic determination of these
ompounds in rat’s plasma. Coenzyme Q10, �-tocopherol and
holesterol were separated by coupled LC columns and deter-
ined using two detectors: coulometric and UV [32]. Leray

t al. [33] have utilised a electrochemical detection for iden-
ification and quantification of coenzyme Q10, Vitamin E and
roducts of their oxidation in liver tissue. RP-HPLC was used
or the simultaneous determination of tocopherols, ubiquinol
nd ubiquinone using UV and electrochemical detectors [34].
he electrochemical detection coupled with RP-HPLC system
as applied for quantification of ubiquinons, carotenoids and

ocopherols in neonatal plasma samples [35]. Greenspan et
l. [36] have used cyano-propyl column for separation and
uantification some lipid soluble vitamins (e.g. coenzyme Q10,
ocopherol and retinol) in dog liver tissues by diode array
etector.

As a continuation of our previous work on the level of coen-
yme Q10 in plasma of patients with inflammatory process [37],

e have started an examination of antioxidant’s status in plasma
f children treated with an elimination diet. There are sev-
ral papers dealing with the determination of level of various
ntioxidants in plasma samples of adult patients but only lim-

i
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ted information is available about antioxidants level in plasma of
hildren with allergic diseases [38]. As the level of lipid soluble
itamins can be correlated with the status of an antioxidative bar-
ier in human body, �-tocopherol, coenzyme Q10 and all-trans
etinol were selected for our study. All-trans retinol was also
hosen for investigations as it is one of the additivies (together
ith above mentioned vitamins) in babies’ formulas and sup-
lementary food-stuffs. The study was performed by RP-HPLC
echnique with UV detection at three wavelengths. The pro-
osed method is discussed from the analytical point of view and
pplied for determination of the levels of studied antioxidants
n plasma of children treated by elimination diet in infancy and
arly childhood. The dietetic treatment was administered in case
f children with diagnosed food allergy or food intolerance.

. Experimental

.1. Chemicals and reagents

All reagents used were reagent-grade or better. Methanol
nd n-hexane were HPLC-grade (Baker). Coenzyme Q10
CoQ10) and all-trans-retinol (R) standards were purchased from
igma Chemical Co. (USA). �-tocopherol (�-TP) standard was
btained from Fluka Chemicals Co. (Germany). �-tocopherol
�-TP) standard was obtained from Supelco Co. (USA).

Stock solutions of 0.58 mM of CoQ10, 1.20 mM of �-TP and
.15 mM of �-TP were prepared by dissolving adequate amounts
f reagents in n-hexane. Stock solution of R (1.75 mM) was
repared by dissolving an appropriate amount in ethanol. Work-
ng solutions of analytes were prepared every day by dissolving
ppropriate portions of stock solutions in n-hexane. All standard
olutions were stored at −20 ◦C.

.2. Apparatus

Chromatographic system (Thermo Separation) consisted of
3D detector Spectra System UV 3000, a low-gradient pump
2000, a vacuum membrane degasser SCM Thermo Separa-

ion and a Rheodyne loop injector (20 �l). ChromQuest Chro-
atography Data System software version for Windows NT was

sed for the acquisition and storage of data. LiChrospher100
P-18 125 mm × 4 mm (5 �m) column with a guard column
mm × 4 mm (5 �m) (Merck, Germany) was used with a mobile
hase of methanol – n-hexane 72:28 (v/v). The flow rate was
ml/min. The wavelengths of the UV detector were 272, 292
nd 324 nm.

.3. Patients

Eighty-eight children treated by diet were selected with ran-
omisation methods. The control group consisted of 56 healthy
hildren on normal diet in infancy and early childhood.

The following criteria were used for the selection of patients

nto the examined group:

. The type and length of the elimination diet administered in
infancy and early childhood period. The dietetic treatment
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Table 1
Characteristics of the tested groups

Group n Diet followed in infancy
and early childhood

Age (in years)
mean (S.D.)

BMI mean
(S.D.)

The month of life in which
the diet started mean (S.D.)

How long the diet was followed
(number of months) mean (S.D.)

S .73 (
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tudied group 88 Elimination diet 5.24 (1.17) 15
ontrol group 56 Normal diet 5.63 (1.13) 16

was prescribed in case of patients with diagnosed allergy
or food intolerance. The group of children consisted only
of patients with intolerance of cow’s milk. Instead of cow’s
milk they used only one substance, either soya preparations
or casein hydrolysates. Their diet started no later than in 6th
month of life and was kept at least for 12 months.

. Age of 2–6 years, because at the age of 2 the lipid metabolism
profile becomes stabilised [39].

. From the studied group were excluded patients who:
a. suspected of hypertension;
b. obesity – body weight above 97 percentile;
c. a history of chronic diseases: glomerulonephritic, dia-

betes, systemic lupus, chronic diseases of bile ducts and
liver with and without cholestasis, infection in the day of
acceptance to the study and during the previous 3 weeks,
oral administration of glycocorticosteroids.

able 1 presents the characteristics of the examined children’s
roups. Permission to carry out the tests was given by the
io-Ethical Committee at Białystok Medical University. The
hildren’s parents signed their agreement, too.

.4. Sample collection

All blood samples were taken from the elbow flexure,
sing the minimum stasis. The patients arrived for the tests
t least 12 h after their last meal, between 8 and 10 a.m. The
lood samples were taken into test tubes with 0.2 ml of 3.8%
odium citrate solution in the proportion of 9:1. Samples of
lood were centrifuged at 4 ◦ C for 30 min. Next the obtained
upernatants were frozen at −70 ◦C and stored for further
nalysis. Analyzes were made within 1 month after blood
ollection.

.5. Sample preparation

The frozen samples were allowed to thaw at room tem-
erature before the analysis. Next, the unfrozen plasma
amples were treated using the following procedure: 0.25 ml
f plasma was pipetted into eppendorf microcentrifuge tube
nd deproteinised using 0.5 ml of methanol. After then 0.75 ml
f n-hexane was added. The mixture was vortexed for 5 min
nd centrifuged at 5000 rpm for 15 min. Next, the clear hexane
ayer was transferred to another tube and extraction of plasma
itamins was repeated with new 0.75 ml portion of n-hexane.

he plasma extracts were combined and evaporated to dryness
nder a stream of nitrogen. The dry residue was dissolved
n 0.25 ml of mobile phase and injected into the HPLC
ystem.

i
t
i
i

2.02) 3.98 (1.92) 34.58 (16.72)
1.71) – –

. Results and discussion

Retinol, �-tocopherol and coenzyme Q10 exhibit their char-
cteristic maxima of UV absorption at 324, 292 and 276 nm,
espectively. These analytical wavelengths were selected for the
PLC-UV detection to increase the selectivity and sensitivity of

nalysis. The best separation within a reasonable time as well as
ood peak shape were achieved with a mobile phase consisting
f methanol and n-hexane in proportion of 72:28 at a flow rate
f 1 ml/min. The retention times were: 2.24 ± 0.01, 2.95 ± 0.03
nd 7.47 ± 0.12 min (n = 10) for retinol, �-tocopherol and coen-
yme Q10, respectively.

To determine the amounts of R, �-TP and CoQ10 in bio-
ogical samples calibration curves were constructed by plotting
he peak areas versus the concentration. Linearity was achieved
n the concentration range 0.35–70, 0.23–46 and 0.12–23 �M
or all-trans-retinol, �-tocopherol and CoQ10, respectively.
he regression equations were: y = 7.7 × 1010x + 10092.1

r = 0.999) for R, y = 5.2 × 109x+ 353.9 (r = 0.999) for �-TP and
= 1.9 × 1010x + 12895.3 for CoQ10 (r = 0.989), where x – con-
entration of analyte in mol/l. The detection limits calculated as
ignal-to-noise ratio equal to 3 were: 1.10 �M for R, 0.78 �M
or �-TP, 0.83 �M for CoQ10. The quantification limits were
.65, 2.75 and 2.98 �M for all-trans-retinol, �-tocopherol
nd CoQ10, respectively. The reproducibility of the presented
ethod was estimated by the analysis of a standard mixture

ontaining 3.50 �M of R, 2.32 �M of �-TP and 1.16 �M of
oQ10 10 times a day for 5 consecutive days. The average coef-
cients of variation of within-day and between-day assays were
espectively 1.5 and 3.7% for R, 4.0 and 5.8% for �-TP and 2.3
nd 3.1% for CoQ10. The recovery of studied compounds was
hecked applying extraction procedure described above using
piked plasma samples. The obtained values were 91% ± 4.2
mean ± S.D., n = 9 for spiked plasma samples) for retinol,
6% ± 5.2 for �-tocopherol and 88% ± 3.5 for coenzyme
10.
A typical chromatograms of a plasma extract registered at

hree different wavelengths are shown in Fig. 1a–c.
The application to the real samples demands to check the

electivity of the method. The relatively short retention time
f �-TP suggests that the related compound – �-tocopherol is
o-eluted with the main compound. In order to check selectiv-
ty, the standard mixture of both tocopherols (23 mM of �-TP
nd 4.6 mM of �-TP) was analysed. The performed experiments
howed that the difference in retention times of both compounds

s high enough (2.83 min for �-TP and 2.95 min for �-TP) for
heir efficient separation. Additionally, the natural level of �-TP
s only 20% of �-TP, so the presence of �-TP does not interfere
n determination of Vitamin E in human plasma.
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Table 2
Average values of plasma antioxidant vitamins for the tested groups of children

Group n Retinol [�mol/l] mean
(S.D.) [95% CI]

�-tocopherol [�mol/l]
mean (S.D.) [95% CI]

Coenzyme Q10 [�mol/l]
mean (S.D.) [95% CI]

Studied group 88 3.30 (2.06) [2.86–3.74] 29.44 (22.35) [24.65–34.24] 0.39 (0.58) [0.27–0.52]
Control group 56 2.44 (1.68) [1.98–2.89
U Mann–Whitney test p (two-tailed) p = 0.015

Fig. 1. Chromatograms of plasma extracts recorded: (a) at 324 nm, (b) 292 nm,
and (c) 278 nm.
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] 21.95 (17.01) [17.35–26.55] 0.48 (0.87) [0.24–0.71]
p = 0.045 p = 0.492

The proposed chromatographic system, in comparison to oth-
rs similar RP-HPLC systems [33–35] allows the significant
eduction of time of single analysis. The fast, simple and reli-
ble procedure minimizes the sample handling and allows the
ccurate determination of examined compounds.

The described procedure was applied for estimation of level
f studied compounds in human plasma. The obtained results are
hown in Table 2. Mean serum retinol level of examined group
s 3.30 �mol/l (S.D. 2.06) and is higher in statistically important

anner than mean retinol level in control group −2.44 �mol/l
S.D. 1.68, at p = 0.015). The �-tocopherol level of group under
tudy (29.44 �mol/l (S.D. 22.35)) is also higher than those of
ontrol group (21.95 �mol/l (S.D. 17.01)) and the difference is
lso statistically significant (p = 0.038). No difference in serum
oenzyme Q10 level was observed between examined groups
f children. Mean coenzyme Q10 concentration is 0.39 �mol/l
S.D. 0.58) for the studied group and 0.48 �mol/l (S.D. 0.87) for
he control group (p = 0.492).

The observed differences in levels of �-tocopherol as well
s all-trans retinol can be explained by the influence of admin-
stered diet in early period of life due to so-called metabolic
mprinting [39]. The examined children were treated by an elim-
nation diet only in period of infancy and early childhood and
hey are healthy now. The body metabolism adjusted to increased
emand of lipid soluble vitamins can remain and last during
hole life. Our previous study [37] performed on the group of
3 children (age 1 month–9 years) with acute inflammatory pro-
ess showed that mean Q10 concentration was 0.8 �mol/l (S.D.
.58). The values obtained in the present study (higher levels of
and �-TP, lower level of Q10), additionally could be caused

y good state of health (without any inflammatory process) of
xamined children. The detailed study on biochemical parame-
ers which have influence on R, �-TP and Q10 concentration in
hildren plasma are under preparation and will be published in
he future.
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