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An isocratic high-performance liquid chromatography (HPLC)
method for the simultaneous determination of α-tocopherol,
retinol, and five carotenoids (lutein–zeaxanthin, β-cryptoxanthin,
lycopene, and α- and β-carotene) in human serum is described.
Serum samples are deproteinized with ethanol and extracted once
with n-hexane. Resulting extracts are injected onto a C18 reversed-
phase column eluted with methanol–acetonitrile–tetrahydrofuran
(75:20:5, v/v/v), and full elution of all the analytes is realized
isocratically within 20 min. The detection is operated using three
channels of a diode-array spectrophotometer at 290, 325, and
450 nm for tocopherol, retinol, and the carotenoids, respectively.
An internal standard is used for each channel, which improves
precision. The choice of internal standards is discussed, as well as
the extraction protocol and the need for adding an antioxidant
during the extraction and chromatographic steps. The analytical
recoveries for liposoluble vitamins and carotenoids are more than
85%. Intra-assay relative standard deviation (RSD) values (n = 20)
for measured concentrations in serum range from 3.3% (retinol)
to 9.5% (lycopene), and interassay RSDs (n = 5) range from 3.8%
(α-tocopherol) to 13.7% (β-cryptoxanthin). The present method is
used to quantitate the cited vitamins in healthy subjects (n = 168)
from ages 9 to 55 years old.

Introduction

Retinol (vitamin A) and α-tocopherol (vitamin E) are nonen-
zymatic antioxidants (1). Vitamin A acts as a direct “scavenger”
of reactive oxygen species (ROS) and is also thought to inhibit
free radical synthesis via increasing the activity of detoxifying
systems (2).

Vitamin E protects unsaturated fatty acids located in both cell
and organelle membranes against endo- and exogenous free rad-
icals and ROS, which are involved in the initiation and extent of
membrane damages caused by nonenzymatic lipid peroxidation
(3,4). Carotenoids act as ROS and free radical scavengers (5),
stimulants of immune response (6), and anticarcinogenic agents
(7). Because of their wide variety of functions and biological
roles, clinical interest in the evaluation of retinol, α-tocopherol,
and carotenoids has increased in recent years owing to their role
as antioxidants, which may be important in reducing the risk of
numerous diseases including cancer (8–11), coronary heart dis-
ease (12,13), and diabetes mellitus (14–18).

Thus, rapid, simple, sensitive, and selective methods for the
simultaneous determination of these antioxidants in biological
fluids are needed. As a matter of fact, the measurement of an
individual class of antioxidants such as thiols (19), hydrophilic,
or liposoluble vitamins provides more information for the mech-
anistic evaluation of a clinical disease linked to oxidative stress
than a total antioxidant status assay (20).

Numerous spectroscopic and separative methods have already
been reported for the assay of retinol, α-tocopherol, and
carotenoids in plasma or serum, and among them high-perfor-
mance liquid chromatography (HPLC) is one of the most pow-
erful analytical tools for this purpose (21–25).

Both normal-phase (26–28) and reversed-phase (29–35) HPLC
conditions have been widely used. However, many of these
methods include gradient elution (36–39), flow rate (34,36),
wavelength time-programmation (36,40), a switching device
between coupled columns (41,42), and the use of two different
detectors in series (43,44). All of these approaches are time-con-
suming because of their long-equilibration period between each
run and troublesome because of the hyphenated systems needed.

Indeed, the main difficulty for the simultaneous determination
of liposoluble vitamins and carotenoids results from their dif-
ferent spectral characteristics (absorption maxima vary in the
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range of 292 to 450 nm). This problem has been solved by using
multichannel UV–vis spectrophotometric detectors (31,37,40,
45–47). More recently, a technique combining both isocratic elu-
tion in reversed-phase mode and diode-array detection was
reported, providing selectivity between the three classes of
liposoluble vitamins and thus a convenient way for their simul-
taneous measurements (32).

For all these methods, the preanalytical treatments, especially
the extraction procedure relying upon either liquid–liquid
(26–28,30–35,39,43,47,48) or solid–liquid (38,49,50) partition,
are critical steps to obtain reliable data.

This study deals with some improvements of a previously
reported method (32); the full validation of the optimized assay;
and its use to quantitate retinol, α-tocopherol,
lutein–zeaxanthin, β-cryptoxanthin, lycopene, and α- and β-
carotene in healthy subjects.

Experimental

Chemicals, reagents, and standards
All solvents and reagents used were of analytical- or HPLC-

grade. Ultrapure water was prepared using a Milli-Q system

(Millipore Milford, MA). Tert-butylated hydroxytoluene (BHT)
was purchased from Sigma-Aldrich (St. Quentin Fallavier,
France).

All-trans retinol (henceforth simply referred to as retinol),
retinol acetate, α-tocopherol, α-tocopherol acetate, and
β-carotene standards were obtained from Fluka (Buchs,
Switzerland). Zeaxanthin and β-cryptoxanthin were a generous
gift from Hoffman-Laroche (Basle, Switzerland). Lycopene and
echinenone were purchased from CaroteNature (Lupsingen,
Switzerland). Stock solutions of retinol, α-tocopherol, and their
corresponding internal standards (acetate form) were prepared
in ethanol (EtOH) added with 0.01% (w/v) BHT. Carotenoids
were prepared in tetrahydrofuran (THF) added with 0.01% BHT.
Stock solutions were protected from light in ambered glass bot-
tles, titrated by spectrophotometry using their specific
absorbance (Table I), and stored under nitrogen at –80°C for up
to 2 mo. The concentrations of stock solutions were 0.25–0.5
mg/mL for retinol and retinol acetate, 3–4 mg/mL for α-toco-
pherol and α-tocopherol acetate, and 0.1–0.2 mg/mL for
carotenoids.

Daily working solutions for calibration curves were prepared
by diluting stock solutions in EtOH containing 0.01% BHT. The
ranges of tested concentrations are indicated in Table II. An
internal standard mixture containing retinol acetate, α-toco-

pherol acetate, and echinenone was also prepared
daily following a similar procedure (combining
100 µL of each stock solution of internal standard
and diluting the volume to 20 mL with
EtOH–0.01% BHT). All the operations were per-
formed by handling solutions in darkness and ice.

The standards of β-carotene and zeaxanthin
were used to quantitate α-carotene and both
lutein and zeaxanthin, respectively.

Blood collection and storage conditions
Blood was collected at the antecubital vein of

168 healthy control subjects from ages 9 to 55
years old (informed consent was obtained, and
the research protocol was in agreement with the
Helsinki Declaration) in a reclined position in dry
tubes (Vacutainer Tube, Becton Dickinson,
Grenoble, France). Blood samples were cen-

Table I. Characteristics of Standards Used

Maximum
Molecular weight wavelength

Compounds (g/mol) (nm) A1%
1 cm* ε (mol–1/L/cm–1)

Retinol 286.5 325 1835 (32,61) 52573
Retinol acetate 328.5 326 1550 (32,61) 50912
α-Tocopherol 430.7 292 75.8 (45) 3265
α-Tocopherol acetate 472.8 290 40 (32) 1891
Echinenone 550.9 458 2244 123622

(Hoffmann-Laroche data source)

Lutein–zeaxanthin 568.9 452 2765/2416 (45) 157301/137446
β-Cryptoxanthin 552.9 452 2486 (45) 137451
Lycopene 536.9 472 3450 (32,61) 185231
β-Carotene 536.9 450 2620 (35) 140667

* In EtOH as the solvent. Data references appear in the parentheses.

Table II. Equations of Calibration Curves and Values of LODs and LOQs*

Equations of calibration curves

Concentration Slope† Intercept Correlation LOD LOQ
range (µmol/L) (SD‡, n = 5) (SD, n = 5) coefficient† (µmol/L) (µmol/L)

Retinol 0.45–7.50 0.16 (0.015) 0.021 (0.016) 0.998 0.45 0.66
α-Tocopherol 4.80–80.0 0.01 (0.000) 0.027 (0.008) 0.996 2.64 5.36
Lutein–zeaxanthin 0.10–1.90 0.35 (0.034) 0.024 (0.006) 0.997 0.06 0.11
β-Cryptoxanthin 0.09–1.50 0.34 (0.031) 0.022 (0.019) 0.996 0.03 0.09
Lycopene 0.12–1.90 0.24 (0.018) 0.018 (0.020) 0.997 0.03 0.08
β-Carotene 0.13–2.00 0.35 (0.019) 0.014 (0.006) 0.997 0.03 0.06

* Each calibration curve included six points, and each point was assayed in five replicates.
† Calculated by internal standardization: (standard peak area/internal standard peak area)/standard concentration.
‡ SD, standard deviation.
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trifuged (1500 g for 15 min at 4°C) within 2 h after collection,
and resulting serum samples were frozen in liquid nitrogen until
HPLC analysis.

Serum sample treatment
All the handling operations were carried out in darkness. The

serum samples were rapidly thawed at room temperature,
homogenized, and 200 µL was transferred into a borosilicate
glass tube kept on ice and 300 µL of the internal standard mix-
ture added. After mixing with a vortex for 20 s, proteins were pre-
cipitated by adding 200 µL of EtOH–0.01% BHT, and the volume
was diluted to 1 mL with ultrapure water. After mixing with an
orbital shaker at 2500 rpm for 1 min, 2 mL of n-hexane–0.01%
BHT was added. The samples were shaken for 1 min and cen-
trifuged at 2700 g for 20 min at 4°C.

The organic layer was carefully transferred into a glass tube
and evaporated to dryness under a stream of nitrogen at room
temperature. The dried residue was redissolved in 25 µL of
THF–0.01% BHT and vortexed for 30 s. A 75-µL amount of
mobile phase was added, and the resulting mixture was vortexed
for another 30 s. Samples were then transferred to 200-µL insert
vials and placed into the HPLC autosampler.

HPLC system and operating conditions
The HPLC system consisted of an isocratic solvent delivery

pump (Model Kontron Instruments 422), an autosampler
equipped with a 20-µL injection loop, a cooling sample tray and
a column oven (Model AS-300, ThermoQuest, Les Ulis, France),
a UV–vis diode-array detector (Model Gold LC-168, Beckman
Coulter, Fullerton, CA), and data-processing software (Gold New,
Beckman).

A guard column (8- × 3-mm i.d.) packed with Nucleosil C18
(5 µm) (Macherey Nagel, Duren, Germany) and an analytical
column (250- × 3-mm i.d.) packed with Nucleosil 100 C18 (5 µm)
(Macherey Nagel) were eluted with a mobile phase consisting of
a mixture of methanol–acetonitrile–tetrahydrofuran (75:20:5,
v/v/v) containing 0.01% (w/v) BHT. The mobile phase was filtered
through a 0.45-µm Nylon membrane and was used at a column
temperature of 35°C and a flow rate of 0.6 mL/min. Three chan-
nels corresponding with different wavelength values were used
to acquire data for the selective monitoring of α-tocopherol (290
nm), retinol (325 nm), and carotenoids (450 nm) and their
respective internal standard. During analysis, the tray compart-
ment containing sample vials was cooled at 5°C. After each
working period (approximately 50 samples), it was necessary to
rinse the column with methanol at a flow rate of 0.6 mL/min for
20 min to eliminate highly hydrophobic compounds and prevent
the loss of column efficiency.

Calculation
The vitamin concentrations were determined from a standard

curve of the peak-area ratio of the analyte–internal standard
plotted against the concentration of analyte (expressed in micro-
moles per liter). A linear least-square regression analysis was
performed for each analyte, and the standard curve was repeated
if the correlation coefficient was below 0.990.

The detection limit (LOD) and the quantitation limit (LOQ)
were expressed, respectively, as:

LOD = (a0 + 3sa0) / a1 Eq. 1

and

LOQ = (a0 +10sa0) / a1 Eq. 2

where a1 is the slope, a0 the intercept, and sa0 the standard devi-
ation of the intercept (51).

Quality control
A human serum pool made with 1 mL of fresh serum from 100

healthy subjects and stored at –80°C was used for the routine
quality control. Aliquots were extracted and analyzed according
to the same procedure that was described previously. Evaluation
of the method performance was assessed by comparing the
results of the quality control with the means and relative stan-
dard deviations (RSDs) calculated using results from several pre-
liminary runs (n = 20 per day for five days).

Results and Discussion

Optimization of sample treatment and HPLC technique
The basic method used in this study has been described by

Talwar et al. (32). Some modifications relating to the internal
standards, the sample preparation procedure, and the use of an
antioxidant during both the extraction and chromatography pro-
cesses have been made. We chose this method because it allows
in a fast and easy way the simultaneous separation of the two
classes of lipophilic vitamins (namely retinol, α-tocopherol, and
carotenoids). Our main objective was to measure simultaneously
lipophilic vitamins and carotenoids, which are the most abun-
dant in human serum. Thus, the separation of the isomers of
retinol, α-tocopherol, and carotenoids did not appear relevant
for our present epidemiological studies.

In most methods, the use of an antioxidant during sample
treatment was demonstrated to be necessary to prevent a signif-
icant loss in carotenoid contents, especially lycopene and
β-carotene (32,37,39,40,47). Thus, we initially added 0.01%
ascorbic acid to the organic solvents used for the standards
preparation (EtOH and THF) and to the mobile phase, as indi-
cated by Talwar et al. (32). After analyzing the same sample
several times, we observed a decrease of the carotenoid concen-
trations, indicating degradation as a function of time. We tested
another antioxidant (BHT) that is widely used in other methods
(37,39,47) and added it to the mobile phase and all the solvents
(EtOH, THF, and hexane) used for the standard and sample
preparation. Indeed, hexane containing BHT efficiently pro-
tected the carotenoids from degradation during the evaporation
of the extractive organic layers, and the addition of BHT to the
mobile phase also prevented any loss of these analytes and prob-
ably helped increase the longevity of the column by neutralizing
peroxides present in THF. Moreover, we observed that decreasing
the evaporation temperature from 40°C to room temperature
significantly increased carotenoid recoveries, as already noted by
different authors (39,43).

Other parameters have to be optimized in order to provide the
best conditions for the extraction of liposoluble vitamins and
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carotenoids. The addition of ultrapure water to the deproteinized
serum with EtOH has been noted to improve the recoveries of
carotenoids and liposoluble vitamins (37,52). We tested several
EtOH–water proportions in the 1:4 to 1:1 range (v/v) in order to
obtain the highest recoveries, and we selected the 1:1 (v/v) pro-
portion. Single and double extraction steps with n-hexane (an
increase of the shaking period) were tested, but no significant
improvement of recoveries was observed.

The method previously described (32) used two internal stan-
dards: retinol acetate as an internal standard for retinol, and
α-tocopherol acetate as an internal standard for both α-toco-
pherol and carotenoid. We used a third internal standard (echi-

nenone) for the quantitation of the carotenoids. Echinenone is a
synthetic carotenoid and has a structure and chemical properties
very similar to the naturally occurring carotenoids in serum.
Thus, the use of echinenone is preferable to the use of retinol
acetate andα-tocopherol acetate or tocol currently used in other
methods (34,43,47), because it is detected at the same wave-
length as the other carotenoids and is light- and temperature-
sensitive as other carotenoids. Thus, the use of three internal
standards allows for a better quality control and helps to correct
analytical variations occurring for each liposoluble vitamin and
carotenoid during the extraction and chromatography pro-
cesses.

Because no loss of analytes was observed in serum extracts
kept in darkness for at least 24 h at 5°C, as already reported (39),
the automation of the technique was possible with a high
throughput of samples (approximately 30 per day).

Several methods have been developed to measure the main

Figure 1. Typical chromatograms corresponding with a mixture of retinol,
α-tocopherol, and carotenoid standards: (A) channel 1, diode-array detection
at 290 nm for α-tocopherol and α-tocopherol acetate; (B) channel 2, diode-
array detection at 325 nm for retinol and retinol acetate; and (C) channel 3,
diode-array detection at 450 nm for carotenoids and echinenone. The peak
numbers are as follows: (1) 26 µmol/L α-tocopherol, (2) α-tocopherol acetate
(the internal standard), (3) 2.43 µmol/L retinol, (4) retinol acetate (internal stan-
dard), (5) 0.62 µmol/L lutein–zeaxanthin, (6) 0.49 µmol/L β-cryptoxanthin, (7)
echinenone (internal standard), (8) 0.62 µmol/L lycopene, (9) α-carotene, and
(10) 0.65 µmol/L β-carotene.

A

B

C

Figure 2. Typical chromatograms corresponding with an extract of a human
serum sample: (A) channel 1, diode-array detection at 290 nm for α-tocopherol
and α-tocopherol acetate; (B) channel 2, diode-array detection at 325 nm for
retinol and retinol acetate; and (C) channel 3, diode-array detection at 450 nm
for carotenoids and echinenone. Peak numbers are the same as Figure 1.

A

B

C
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carotenoids present in serum in one run simultaneously with
α-tocopherol and retinol (30–34,37,47). Most carotenoids are
detected at 450 or 473 nm, butα-tocopherol and retinol can only
be detected at 290 and 325 nm, respectively. Most of the previ-
ously mentioned methods therefore require the use of several
detectors in series (43,44) and a multiwavelength detector either
with simultaneous monitoring at different wavelengths
(31,36,37,40,53) or a change in the detection wavelength during
the run (30,32,44,47). The need for simultaneous detection at
different wavelengths is illustrated by the retinol and
lutein–zeaxanthin that elute within a 0.3-min interval and have
to be detected at 325 and 450 nm, respectively. Typical chro-
matograms of a standard mixture and an extracted human
serum are shown in Figures 1 and 2. The chromatograms
revealed elution and baseline resolution between all the analytes
of interest except for lutein and zeaxanthin, which are not sepa-
rated by this method. The internal standard echinenone was
eluted between β-cryptoxanthin and lycopene and thus did not
interfere with the other carotenoids analyzed. Several additional
carotenoids not identified as of yet appeared between the peak of
lutein–zeaxanthin at 4 min and β-cryptoxanthin at 8 min. Before
validation of the HPLC method, we have realized
a selectivity study, and BHT has been analyzed
with other analytes to see any potential chro-
matographic interference. BHT elutes with a
short retention time (within 3 min) and is only
detectable at 290 nm, thus no interference with
vitamins was observed.

Assay validation and quality control of the
HPLC method

The quantitation was achieved using the
internal standardization mode. Data concerning
linearity (the linearity range for each liposoluble
vitamin was selected according to its physiolog-
ical values), LOD, and LOQ are indicated in Table
II (and precision in Table III).

The LOD and LOQ values agree with previous data in the liter-
ature (32). In order to calculate recoveries, a pooled serum was
spiked with 20 µL of combined standards to provide the added
concentrations of 0.7 µmol/L retinol, 8.7 µmol/L α-tocopherol,
and 0.15 to 0.2 µmol/L carotenoids. The spiked serum samples
(n = 5) were then extracted using a single extraction step with
n-hexane. Recoveries found were 99.6% ± 11.1% for retinol,
91.2% ± 2.0% for retinol acetate, 109.4% ± 13.4% for α-toco-
pherol, 101.2% ± 3.0% for α-tocopherol acetate, 112.6% ±
22.2% for lutein–zeaxanthin, 104.3% ± 9.1% for β-crypto-
xanthin, 109.4% ± 31.0% for lycopene, 85.1% ± 8.5% for
β-carotene, and 95.6% ± 9.5% for echinenone. The different
behaviors of carotenoids with regard to extraction using
n-hexane has already been reported by Barua et al. (48). The cal-
culated recoveries in this study are satisfactory and comparable
with previously reported values (30,32,33).

In order to check the precision of the method, a human serum
pool was analyzed 20 times during the same day to assess the
repeatability. This operation was repeated 5 times over a period
of one month to evaluate the interassay precision. The intra- and
interassay variations calculated for each vitamin are shown in

Table III. Precision of the HPLC Assay of Liposoluble Vitamins and
Carotenoids in Serum

Within run Between run

Analyte Concentration* (µmol/L) %RSD Concentration† (µmol/L) %RSD

Retinol 1.90 (0.06) 3.3 2.1 (0.09) 4.4
α-Tocopherol 34.9 (1.31) 3.8 29.3 (1.1) 3.8
Lutein–zeaxanthin 0.65 (0.02) 3.8 0.51 (0.02) 4.5
β-Cryptoxanthin 0.13 (0.01) 7.8 0.10 (0.01) 13.7
Lycopene 0.53 (0.05) 9.5 0.28 (0.04) 12.5
α-Carotene 0.18 (0.02) 8.8 0.14 (0.02) 12.1
β-Carotene 0.57 (0.04) 6.7 0.52 (0.05) 9.1

* Mean (standard deviation), n = 20.
† Mean (standard deviation), n = 5.

Table IV. Concentrations of Retinol, α-Tocopherol, and Carotenoids in Millimoles per Liter Measured in the Serum of 168
Healthy Subjects from Ages 9 to 55 Years Old and a Comparison with Other Studies

Present study*
Men Women Talwar Steghens Olmedilla

Sowell

Compound 9–20 years old 21–55 years old 9–20 years old 21–55 years old et al.*,† (32) et al.*,‡ (37) et al.*,§ (54) et al.**,†† (31)

Retinol 1.37 (0.36) 2.18 (0.43) 1.36 (0.31) 1.86 (0.53) 2.00 (0.60) 1.84 (0.80) 1.71 (0.39) 1.91 (1.05–2.97)
α-Tocopherol 20.6 (4.08) 29.7 (8.16) 23.6 (10.9) 26.6 (6.38) 29.6 (7.60) 33.0 (6.67) 32.7 (7.40) 25.7 (13.9–47.0)
Lutein 0.42 (0.12)‡‡ 0.43 (0.24)‡‡ 0.49 (0.23)‡‡ 0.52 (0.25)‡‡ 0.26 (0.11)‡‡ 0.71 (0.30)‡‡ 0.24 (0.21)‡‡ 0.36 (0.14–0.74)‡‡

Zeaxanthin –‡‡ –‡‡ –‡‡ –‡‡ –‡‡ 0.09 (0.05) 0.07 (0.04) –‡‡

β-Cryptoxanthin 0.13 (0.08) 0.13 (0.11) 0.19 (0.14) 0.17 (0.12) 0.55 (0.11) 0.35 (0.27) 0.60 (0.47) 0.22 (0.05–0.52)
Lycopene 0.33 (0.16) 0.28 (0.16) 0.31 (0.16) 0.32 (0.22) 0.37 (0.18) 0.56 (0.43) 0.42 (0.24) 0.40 (0.11–0.80)
α-Carotene 0.08 (0.06) 0.10 (0.13) 0.13 (0.11) 0.14 (0.14) 0.07 (0.04) 0.36 (0.26) 0.07 (0.05) 0.08 (0.02–0.22)
β-Carotene 0.49 (0.43) 0.42 (0.29) 0.60 (0.37) 0.64 (0.72) 0.38 (0.20) 0.81 (0.45) 0.37 (0.23) 0.34 (0.07–0.88)

* Means (standard deviation).
† Concentrations in serum for men and women ranging from ages 19 to 62 years old, n = 111.
‡ Concentrations in serum for women ranging from ages 35 to 50 years old, n = 96.
§ Concentrations in serum for women ranging from ages 25 to 59 years old, n = 54.

** Concentrations in serum for men and women ranging from ages 4 to 93 years old, n = 3480.
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Table III. The RSDs ranged from 3.3% (retinol) to 9.5%
(lycopene) for intra-assay precision and 3.8% (α-tocopherol) to
13.7% (β-cryptoxanthin) for interassay precision. The RSD
values obtained for some carotenoids were comparable with
those reported for most of the other assays (16,31,32). However,
the RSDs obtained for retinol and α-tocopherol were lower than
those reported in these methods. This serum pool was then used
for routine quality control.

Assay of liposoluble vitamins and carotenoids in a healthy
population

The validated method was applied to the measurement of
retinol, α-tocopherol, and five carotenoids in the serum of 168
healthy Caucasian subjects (Table IV). In comparison with previ-
ously published studies, including more than 25 subjects
(31,32,37,54), the value ranges were comparable for most of the
liposoluble vitamins and carotenoids measured except for
lutein–zeaxanthin, which was higher than the value found by
Talwar et al. (32) but similar to other studies (31,54). Similar
results were demonstrated in a previous study by De Leehneer et
al. (55). This fact can probably be explained by differences
between the populations involved in the different studies. We can
also notice that lutein–zeaxanthin and lycopene were in the
serum in significant quantities, thus β-carotene could not be
measured alone as a representative marker of the serum
carotenoids. As a matter of fact, the carotenoids exhibited dif-
ferent distributions between subjects, tissues (56,57), and food
(58). Moreover, their antioxidant capacities and functions may
differ at the cellular level (59). More recently, an HPLC system
coupling two different C18 columns has been reported for the
separation of 13 carotenoids in plasma (60), but the overall run
time for one sample reached 50 min, which limits the
throughput, and thus no important additional epidemiological
information was given.

Conclusion

The reported HPLC method devoted to the assay of liposoluble
vitamins and carotenoids in serum permits the separation of the
main carotenoids (lutein–zeaxanthin, β-cryptoxanthin, lyco-
pene, α- and β-carotene, retinol, and α-tocopherol) within 20
min, which allows a high throughput of samples. The method
was run for several months in the routine laboratory and has
clearly proven its reliability. Because of its specificity and sensi-
tivity for a great number of liposoluble vitamins corresponding
with important serum antioxidant biomarkers, this method has
an evident interest for nutritional and epidemiological studies
and is now applied to various pathological groups such as alco-
holic and Type I diabetic patients.
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