Available online at www.sciencedirect.com
ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 1001-1007

JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

www.elsevier.com/locate/jpba

Short communication

A validated liquid chromatography method for the simultaneous
determination of vitamins A and E in human plasma

Danuta Siluk &, Regina V. Oliveira®, Maria Esther-Rodriguez-Rosas?, Shari Ling €,
Angelo Bos®, Luigi Ferrucci®, Irving W. Wainer **

4 Laboratory of Clinical Investigation, Gerontology Research Center, National Institute on Aging, NIH, Baltimore, USA
Y Department of Biopharmaceutics and Pharmacodynamics, Medical University of Gdarisk, Poland
¢ Clinical Research Branch, Longitudinal Studies Section, Harbor Hospital Center, National Institute on Aging, NIH, Baltimore, USA

Received 13 December 2006; received in revised form 26 March 2007; accepted 30 March 2007
Available online 4 April 2007

Abstract

A fast (15 min) and simple HPLC method for determination of all-zrans-retinol and a-, y- and 8-tocopherols in human plasma has been developed.
The assay utilized 200 .1 of plasma to which 20 pl of internal standard solution (retinol acetate) was added followed by 200 wl of water, 400 pl of
ethanol and 800 1 of hexane. The hexane layer was collected, evaporated, the residue dissolved in 200 1 of methanol and analyzed on a Zorbax
Eclipse XDB-C18 column using a step gradient with a polar organic mobile phase composed of acetonitrile and methanol and variable wavelength
fluorescence detection. The quantification limits for all-frans-retinol and y-tocopherol were 20 ng/ml and for a- and 8-tocopherols 500 ng/ml and
10 ng/ml, respectively. The procedure was validated and applied to the analysis of plasma samples from the Baltimore Longitudinal Study of Aging.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Vitamin A and vitamin E belong to the fat-soluble group
of vitamins. In humans vitamin A (all-trans-retinol, Fig. 1A)
is required for proper growth and bone development, vision,
reproduction and integrity of mucosal and epithelial surfaces
[1]. Vitamin E (tocopherol) naturally occurs in four forms as
a-, B-, y- and &-tocopherols (Fig. 1B) and four correspond-
ing unsaturated analogues, tocotrienols. a-Tocopherol, the most
pharmacologically important vitamin E agent, is a peroxyl rad-
ical scavenger that is protective for polyunsaturated fatty acids
within membranes and lipoproteins [1]. It is also an antioxidant
and is believed to play a preventive role in diseases associ-
ated with oxidative stress like cancer, cardiovascular diseases,
cataracts, age-related macular degeneration, central neurode-
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generative diseases and diabetes mellitus [1,2]. While recent
epidemiological studies have suggested that antioxidative vita-
mins play a protective role in coronary heart disease and some
cancers [3], others have indicated that increased vitamin E intake
may be linked to increased mortality [4,5], although the latter
finding have been disputed [6].

While most of the clinical studies have been concerned with
a-tocopherol, recent studies have investigated the role of another
vitamin E isomer, y-tocopherol. This isomer is the most preva-
lent form of vitamin E in plant seeds and their products, such
as soybean, corn or sesame oils and some nuts [7]. It has been
suggested that y-tocopherol might be a beneficial agent as an
antioxidant trapping reactive nitrogen oxide species [7]. It was
also postulated that it might play a preventive role in cardiovas-
cular diseases and several types of cancer [7,8]. The nutritional
source of [3- and &-tocopherols is either diet or vitamin supple-
ments that are based on natural sources. So far there is little
known about pharmacological role of B- and 8-tocopherols as
only a few studies have been published relating their blood levels
with clinical outcomes e.g. [9].

The Baltimore Longitudinal Study of Aging (BLSA) is the
National Institute on Aging’s major clinical research program
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Fig. 1. Chemical structures of all-trans-retinol and retinyl acetate (A) and of
tocopherols (B).

and is designed to characterize normal and pathological aging.
One aspect of this program is the study of age-related frailty.
Since vitamins A and E appear to play a significant role in human
health, one facet of program is designed to determine if there is
a relationship between age-related frailty and the plasma con-
centrations of these vitamins. As part of this project, we have
developed a rapid and reliable method for the determination of
all-trans-retinol and tocopherol isomers in human plasma.

A number of methods for the determination of fat-soluble
vitamins have been reported. The majority of these methods
utilize reversed-phase liquid chromatography for the determi-
nation of all-frans-retinol and a-tocopherol in human fluids
[10-16] and several papers also reported the resolution and quan-
tification of a-tocopherol and vy-tocopherol [17-21]. Recently
a method employing a monolithic column for the resolution
of all-trans-retinol, a-tocopherol and retinyl esthers in human
serum was reported [22]. Vitamins A, E and D were also sep-
arated by microemulsion electrokinetic chromatography [23].
Normal phase liquid chromatography has also been used and
appears to be a better tool for the separation of y- and (-
tocopherols [24-28]. CE methods have also been described
[29,30]. These methods have employed fixed wavelength or
diode array UV detection [10-12,14,25,27], electrochemical
detection [19,31] or fluorescence detection [20,24-27]. Recently
also normal phase liquid chromatography with atmospheric
pressure chemical ionization—tandem mass spectrometry was
used to determine a-tocopherol and carotenoids in botanical
materials [32]. An excellent broad review of tocopherol and
derivatives chromatographic analysis was made by Rupérez et
al. [33].

Although there are several published methods for simultane-
ous determination of all-trans-retinol and tocopherols in human
fluids, most are focused on all-trans-retinol and a-tocopherol
analysis. There are few methods, which described all-trans-
retinol and tocopherol isomers determination with the use of
RP-HPLC [20,21,34,35]. Still, either they are not sensitive
enough to determine d-tocopherol [20] or they are more com-
plex as other compounds are determined in parallel [18,21,35].
Although Olmedilla-Alonso et al. [18] resolved retinol, retinyl
acetate, retinyl palmitate, a-, y and 8-tocopherols as well as
several carotenoids within 25 min, analytical analysis was not
performed for 3-tocopherol. Method proposed by Lee et al. [21]
is suitable for determination of retinol, tocopherols, tocotrienols
and major caroteinoids in human plasma. But it uses two
columns along with a column switching system, PDA and flu-
orescence detectors which make it more complicated, longer to
analyze and require more experience in method optimization. On
the other hand Gobel et al. [34] proposed a simple method for
determination of all-frans-retinol and, a-, v and 3-tocopherols
from 100 pl of plasma with UV and fluorescence detections but
the chromatographic run takes 20 min.

Therefore, based upon the previous work, we have devel-
oped an alternative and simple approach for the rapid, sensitive
and reliable determination of all-frans-retinol and a-, y- and
d-tocopherols in human plasma. The technique uses a Cyg lig-
uid chromatography stationary phase and variable wavelength
fluorescence detection. In contrast to other methods utilizing
RP-HPLC [20,34,36,37] this method employs a novel step gra-
dient and uses a polar organic mobile phase. The method has
been validated and applied to the analyses of samples from the
BLSA study.

2. Experimental
2.1. Materials

All-trans-retinol, retinol acetate (Fig. 1A), +y-tocopherol,
[B-tocopherol and &-tocopherol (Fig. 1B), ethanol spectropho-
tometric grade and 2,6-di-tert-butyl-4-methylphenol (BHT)
were supplied by Sigma—Aldrich, (St. Louis, MO). p-alpha-
tocopherol (Fig. 1B), HPLC-grade acetonitrile, methanol and
hexane were purchased from Fisher Scientific (Pittsburgh, PA).
Purified water was prepared using a Milli-Q system (Millipore,
Milford, MA). Human plasma collected from whole blood in
sodium heparin was purchased from Valley Biomedical Inc.
(Winchester, VA).

2.2. Chromatography

The chromatography was carried out using a Shimadzu sys-
tem (Columbia, MD) composed of two LC-10ADvp pumps,
SIL 10ADvp autosampler, CTO-10ASvp column oven, RF-
10AxI fluorescence detector and SCL-10ADvp controller. The
data was acquired by CLASSvp software, v. 5.03. The sepa-
ration was achieved on a Zorbax Eclipse XDB-C18 column
(150 mm x 4.6 mm i.d., 5 pum particle size) connected with a
guard column RX-C8 (12.5mm x 4.6 mm i.d., 5 um particle
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size) (Agilent Technologies, Palo Alto, CA). A Shimadzu UV-
160A spectrophotometer was used to determine the absorbance
of standard solutions.

The chromatography was carried out using a step gradient
elution mode in which eluent A was methanol and eluent B ace-
tonitrile. The following step gradient was used during the run:
0—4 min, 10-14 min 70%B at a flow rate 1 ml/min and 4—10 min
0%B at a flow rate 1.2 min/min. The column was thermostated at
30 °C. All-trans-retinol and retinol acetate were detected using
an excitation wavelength of A =325 nm and an emission wave-
length of L =470 nm at medium sensitivity and gain 16. These
settings were maintained from injection to 7 min. At 7 min, the
excitation wavelength was changed to A =295 nm and emission
wavelength to A =330 nm, gain was diminished to three in order
to optimize the detection of tocopherols and these conditions
were maintained until the end of the chromatographic run at
14.0 min. All-trans-retinol, a-tocopherol and y-tocopherol were
quantified on the base of peak area ratios of vitamin over internal
standard as obtained from calibration curves while 8-tocopherol
on the base of peak height ratios.

2.3. Standard solutions

Stock solutions of all-trans-retinol (0.1 mg/ml), a-tocopherol
(1 mg/ml), ~v-tocopherol (0.1 mg/ml) and &-tocopherol
(0.2 mg/ml) were prepared individually in absolute ethanol,
while retinol acetate was dissolved in ethanol with addition
of 0.04% BHT (w/v) (1 mg/ml). Standard solutions of the
vitamins were stable at —80 °C for up to 2 months and standard
solutions of the internal standard were stable for up to 1 month.
Working standards were prepared and corrected daily according
to their absorbance values E (1 cm/1%) (all-trans-retinol 1835
at 325 nm, a-tocopherol 75.8 at 292 nm [10], y-tocopherol 92.8
at 298 nm, d-tocopherol 91.2 at 298 nm [38]).

2.4. Blood collection and storage conditions

After obtaining informed consent, blood samples were col-
lected from patients enrolled in the BLSA, study number:
2003-076 (Longitudinal Studies of Human Physiology, Bio-
chemistry and Psychology) into a tube containing sodium
heparin (Becton—Dickinson, Franklin Lakes, NJ). Samples were
centrifuged at 2000 x g for 15-20 min at 4 °C to obtain plasma.
A 1ml aliquot of the plasma was taken for vitamin analysis and
was placed in a cryovial and frozen in —80 °C until the day of
analysis.

2.5. Sample preparation

The plasma samples prepared for analysis using a liquid—
liquid extraction technique, which was a modified version of
an earlier reported procedure [17]. Briefly, to 200 .l of plasma
were added 20 pl of internal standard solution (retinol acetate
25 wg/ml in ethanol) and 200 w1 of water and the resulting solu-
tion was vortex-mixed for 10s. A 400 pl aliquot of ethanol
(containing 0.04% BHT) was added and the solution was vortex-
mixed for 10s and 800 pl of hexane (containing 0.04% BHT)

was then added and the resulting mixture was vortex-mixed for
3 min, centrifuged at 3500 x g for 10 min at 10°C, and 700 wl
of the hexane layer was transferred to a borosilicate glass tube.
The hexane was evaporated to dryness in a Speed Vac (Thermo
Savant, NY) for 10 min, 45 °C, the resulting pellet was resus-
pended in 200 .l of methanol, vortex-mixed for 30 s, transferred
into amber vials and 20 pl of the extracted plasma was injected
into the HPLC system for analysis. The sample preparation was
processed under stream of nitrogen and in dim light.

2.6. Calibration curves, quality controls

Calibration curves were calculated using working solutions
consisting of a mixture of analytes prepared by diluting standard
solutions in absolute ethanol. The mixed calibration samples for
all-trans-retinol and tocopherols were prepared in methanol in
triplicates in the following concentrations: 0.02, 0.05, 0.1, 0.5, 1
and 2 pg/ml for all-trans-retinol, 0.5, 1, 2.5, 5, 10 and 30 pg/ml
for a-tocopherol, 0.02, 0.05, 0.1, 0.5, 1, 2, 4 for y-tocopherol
and 0.01, 0.02, 0.05, 0.1, 0.25, 1 for 3-tocopherol. For valida-
tion purposes three level quality controls were used [39]. The
linearity of obtained standard curves was tested by calculating
a relative error (RE) percentage using Microsoft Office Excel
2003 operating on a PC.

2.7. Recovery

For recovery studies, the all-frans-retinol and tocopherol
samples were divided into three groups A, B and C. Group A
consisted of quality controls and IS in methanol, group B was
control plasma and IS, and group C was control plasma plus QC
standards. Both groups B and C were extracted in the same way
as patient samples. Recovery was quantified according to the
following equation:

C x 100

A+B M

Recovery =

3. Results and discussion

Under the chromatographic conditions used in this study, the
observed chromatographic trace contained peaks corresponding
to all-trans-retinol (peak 1) at 3.6 min, retinol acetate (peak 2)
at 4.4 min, d-tocopherol (peak 3) at 8.6 min and a-tocopherol
(peak 5) at 10.3 min, Fig. 2A. Under these conditions, y- and
B-tocopherols coeluted (peak 4) at 9.5min. It has been pre-
viously reported that y- and (-tocopherols were difficult to
resolve in both reversed-phase [20,21,34] and normal phase [24]
chromatography and y- and 3-tocopherols have been quantified
together [24]. Since the concentration of (3-tocopherol is a fac-
tor of 10 lower than that of y-tocopherol [27,40] and since the
two compounds have the same spectrometric profiles, no fur-
ther attempt was made to separate the isomers. In this study, the
standard curves were constructed using y-tocopherol and the
calculated plasma concentrations are reported as y-tocopherol.

The analysis of control plasma samples demonstrated the
presence of significant concentrations of all of the target ana-
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Fig. 2. HPLC chromatogram of 20 .l injection of (A) all-trans-retinol (1), retinol acetate (2), 8-tocopherol (3), y- tocopherol (4) and a-tocopherol (5) in methanol
(upper quality control), (B) controlled plasma extract and (C) patient’s plasma extract. Peak nb (4) in patient’s plasma corresponds to y- and B-tocopherol. The
following step gradient was used during the run: 0—4 min and 10-14 min 70%B at a flow rate 1 ml/min; 4-10 min 0%B at a flow rate 1.2 ml/min.

lytes, Fig. 2B and Table 1, column B. There was no interfering  precipitation with ethanol and extraction into hexane. Since a
peak at the retention time of the internal standard (peak 2) liquid-liquid extraction step was included in the process, it was
demonstrating that retinol acetate could be used as a relative  necessary to utilize the internal standard in order to correct for
measure of analyte concentrations. The analysis of a patient variability in the extraction procedure. Retinol acetate and toco-

sample is presented in Fig. 2C. pherol acetate were tested and both could be used as an internal
standard. Retinol acetate was selected because its retention time
3.1. Extraction of vitamins, recovery (4.4min) was between the retention times of all-frans-retinol

and the tocopherols and it had a stronger fluorescence signal.

As all-trans-retinol is a highly protein bound compound [41] However, tocopherol acetate was more stable and would be a

and tocopherols in plasma are associated with lipoproteins [42], useful internal standard if time (retention time 11.3 min) and

the first step in sample preparation was mixing with water to sensitivity (UV detection in place of fluorescence) could be
loosen the existing bindings, which was followed by protein sacrificed.
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Table 1

1005

The percent recovery of vitamin A and tocopherol isomers from human plasma; where: A = concentration of the analytes obtained from analysis of the quality controls
in methanol; B = concentration of the analytes obtained from analysis of control plasma; C = concentration of the analytes obtained from analysis of spiked plasma

Compound Level (pg/ml) Mean concentration £ S.D. (p.g/ml) Recovery (%)
A B C

All-trans-retinol 0.06 0.06 = 0.00 0.50 £ 0.01 0.57 £ 0.01 101.4
0.30 0.31 £+ 0.00 0.80 £ 0.00 99.2
1.50 1.53 £ 0.06 1.91 + 0.03 94.1
a-Tocopherol 0.60 0.62 £+ 0.02 7.77 £ 0.13 8.91 + 0.11 106.1
3.00 3.02 £ 0.01 10.45 £ 0.17 96.8
15.00 15.06 £+ 0.54 22.00 £ 0.55 95.5
v-Tocopherol 0.06 0.06 £+ 0.00 2.09 £ 0.08 233 £0.26 108.6
0.30 0.31 £ 0.01 2.43 £+ 0.06 101.3
1.50 1.60 £ 0.04 3.75 £ 0.06 101.5
8-Tocopherol 0.02 0.02 £+ 0.00 0.06 £+ 0.00 0.09 £ 0.01 113.8
0.20 0.20 £ 0.01 0.25 £+ 0.01 96.9
0.40 0.42 £+ 0.01 0.48 £+ 0.01 99.5

Percent recovery was calculated using an equation: Recovery = C x 100/(A + B).

Table 2

Calibration equations for all-frans-retinol, a-, y- and 8-tocopherols with the use of retinol acetate as an internal standard, where: y = concentration (pg/ml), x = peak

area (height) ratio, b: slope; a: intercept

Compound Concentration range (pg/ml)

All-trans-retinol 0.02-2.00
0.02-0.10
a-Tocopherol 0.50-30.00
0.50-2.50
vy-Tocopherol 0.02-4.00
0.02-0.10
8-Tocopherol 0.01-1.00
0.01-0.05

Standard curve equation y=bx+a r
Slope Intercept

1.6939 £ 0.0075 0.0050 £ 0.0041 0.9999
1.7557 £ 0.0648 —0.0003 £ 0.0002 0.9993
9.1017 £ 0.1065 0.2579 £ 0.1516 0.9997
9.8651 £ 0.2622 0.0138 £ 0.0417 0.9996
5.5376 £ 0.0576 —0.0227 & 0.0183 0.9997
5.5651 4 0.0540 —0.0009 £ 0.0006 0.9999
3.6146 £ 0.0265 0.0008 £ 0.0031 0.9999
3.8300 £ 0.1302 —0.0039 £ 0.0012 0.9994

The effect of a multiple hexane extractions on recovery
was examined and a single hexane extraction from plasma was
satisfactory. The recoveries of all-frans-retinol and tocopherol
isomers from human plasma are presented in Table 1. The data
were obtained from five independent experiments at three levels.
While calculating recovery the presence of endogenous vitamins
in the plasma was taken into consideration and recovery was
quantified using Eq. (1).

3.2. Linearity

Because of the presence of all-trans-retinol and tocopherol
isomers in the control plasma, samples for standard curves were
prepared in methanol. The quantification of compounds was
based on area ratios of compound over internal standard versus
concentration except d-tocopherol which was based on height
ratios. As ratios were the same for the samples prepared in
solvent compared to ratios obtained by extraction from water,
validation procedure was processed in methanol samples.

The calculated standard curves for all the analytes were lin-
ear with high correlation coefficients, for all-frans-retinol in
the range from 0.02 to 2 wg/ml (r=0.9999), for a-tocopherol
from 0.5 to 30 wg/ml (r=0.9997), for y-tocopherol from 0.02 to
4 pg/ml (r=0.9997) and for d-tocopherol from 0.01 to 1 pg/ml

(r=0.9999). The equations applied for calculation of all-trans-
retinol and tocopherol isomers concentrations in human plasma
extracts are presented in Table 2.

Despite high values of correlation coefficients it was found
that for low concentrations of the standard curves the RE was
greater than 5%. This problem was overcome by construct-
ing “low range” calibration curves for the compounds. The
range for low concentrations of all-frans-retinol was between
0.02 and 0.1 pg/ml (r=0.9993), for a-tocopherol from 0.5 to
2.5 pg/ml (r=0.9996), for y-tocopherol from 0.02 to 0.1 pg/ml
(r=0.9999) and for &-tocopherol from 0.01 to 0.05 pg/ml
(r=0.9994). Equations which were used for low concentra-
tions of all-frans-retinol and tocopherol isomers are presented
in Table 2.

Table 3
The calculated limits of quantification (LOQ) and limits of detection (LOD) for
all-trans retinol and tocopherol isomers

Compound LOQ (ng/ml) LOD (ng/ml)
All-trans-retinol 20 1
a-Tocopherol 500 20
vy-Tocopherol 20 3
8-Tocopherol 10 2
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Table 4
Intra- inter-day precision and accuracy in determination of all-frans-retinol and a-, y- and 3-tocopherols in human plasma
Compound Nominal concentration Precision Accuracy
(pg/ml) ,
Intra-day CV Inter-day CV Concentration Average (%),
(%), n=5 (%), n=18 calculated, n=5 n=>5
All-trans-retinol 0.02 (LLOQ) 4.54 ND 0.02 105.6
0.06 (LQC) 3.86 5.57 0.06 96.6
0.30 MQC) 3.59 8.47 0.28 93.3
1.50 (UQC) 2.52 5.70 1.45 96.6
a-Tocopherol 0.5 (LLOQ) 2.94 ND 0.52 104.7
0.60 (LQC) 4.39 8.21 0.59 97.8
3.00 (MQC) 2.04 8.70 3.06 101.9
15.00 (UQC) 297 5.36 14.27 95.2
v-Tocopherol 0.02 (LLOQ) 10.28 ND 0.02 98.5
0.06 (LQC) 6.33 6.19 0.06 101.4
0.30 (MQC) 291 6.50 0.31 104.8
1.50 (UQC) 2.68 5.71 1.60 107.0
d-Tocopherol 0.01 (LLOQ) 16.6 ND 0.01 106.1
0.02 (LQC) 5.58 7.31 0.02 93.3
0.06 (MQC) 451 5.63 0.06 97.3
0.40 (UQC) 2.33 5.94 0.42 104.6

ND: not determined.

The limits of quantification (LLOQ) determined at the low- 3.3. Accuracy and precision
est concentration in the standard curve with accuracy between

80 and 120% and limits of detection (LOD) at signal to noise The intra-day and inter-day precision data are presented in
ratio (S/N) equal 3 for the analyzed compounds are presentedin ~ Table 4. The accuracy data obtained during validation process
Table 3. ranged from 93.3 t0105.6% for all-trans-retinol, from 95.2 to
(A) 80- (B) 601
50 A -
50+ B R
S
3 40 > 401 R
= Q KR
@ 5 30 A :3:: :::: B
@ T rer B o
= 50 @ 20 o
w 2 BB B BB
= BB E
10- 10+ i R
o BB OB B OB
o4 oL S I
§ SR F RN R TR DS
Qo:-, LI G ~ 2 N r{? ‘{.'J v
Concentration [pg/mi] Concentration [pg/ml]
©)
(D) 80 1

Frequency
Frequency

Concentration [pug/ml] Concentration [ug/ml]

Fig. 3. Frequency distribution of patients plasma concentrations of all-frans-retinol (A), a-tocopherol (B), y-tocopherol (C) (221 patients) and 8-tocopherol (D) (217
patients).



D. Siluk et al. / Journal of Pharmaceutical and Biomedical Analysis 44 (2007) 1001-1007 1007

104.7% for a-tocopherol, from 98.5 to 107% for y-tocopherol
and from 93.3 to 106.1 for 8-tocopherol (Table 4).

3.4. Application of the method

The validated method was used for determining plasma con-
centrations of patients enrolled in the Longitudinal Baltimore
Study of Aging. The data presented are from the analysis of 221
patients. All four compounds were determined in all the patients
plasma extracts except for four patients where 8-tocopherol
concentrations were below the LLOQ. The ranges for all-trans-
retinol were 0.34—1.18 wg/ml (mean 0.66 pg/ml, 2.3 wmol/l),
for a-tocopherol 2.03-28.18 wg/ml (mean 14.84 wg/ml,
34.45 pmol/l), for +y-tocopherol 0.23-3.90 wg/ml (mean
1.27 pg/ml, 3.05 pmol/1) and for 8-tocopherol 0.01-0.23 pg/ml
(mean 0.06 pg/ml, 0.15 wmol/l). The ranges for all-trans-
retinol and a-tocopherol are in agreement with ranges of US
population reported in NHANES III study, 0.24-1.28 pg/ml,
5.12-28.75 pg/ml, respectively [43]. Our data regarding vy- and
d-tocopherol are consistent with the ranges of concentrations
reported in a study with over 1000 participants, 0.25-2.84 pwg/ml
and 0.05-0.24 pg/ml, respectively [21]. The distributions of all-
trans-retinol and tocopherols in patients’ plasma are presented
in Fig. 3.

4. Conclusion

In summary, the reported HPLC method for all-frans-retinol
and a-, y- and d-tocopherols determination in human plasma
is precise, accurate, selective, sensitive and reproducible. The
method can be used in clinical studies in which all-trans-retinol
and tocopherols in human plasma are being investigated.
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