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Summary: Two high performance liquid Chromatographie methods (HPLC) with isocratic reversed-phase separa-
tion are presented for the determination of α-tocopherol (vitamin E) in serum. In the first method a-tocopherol
acetate is used as internal standard, detection of absorbance is performed at 284 nm. In the second method tocol is
used as internal standard, detection of fluorescence is performed with an excitation wavelength of 292 nm and
emission wavelength of 325 nm. Both methods require a liquid-liquid extraction as sample preparation.

The results of both HPLC methods have been tested by method comparison for n = 25 serum samples versus an
isotope dilution-gas chromatography-mass Spectrometry (ID-GC-MS) method using a-tocopherol-dg as internal
standard.

The imprecision within-run was lower than 2.5% for the UV method and lower than 1% for the fluorescence
method for both standards and serum pools. The between-run imprecision, obtained for serum pools, was below
5% for the UV method and not higher than 1.5% for the fluorescence method and not higher 1.8% for the ID-GC-
MS. Recovery experiments performed by spiking pool sera with α-tocopherol showed recoveries between 98.5%
and 100.6% for all methods studied. The result of the method comparison was a coefficient of correlation of
r = 0.998 for the HPLC method with fluorescence detection to the ID-GC-MS reference method and a coefficient
of correlation of r = 0.981 for the HPLC method with UV detection to the ID-GC-MS reference method.

Both methods presented are useful for the analysis of α-tocopherol in patient samples. If detection of fluorescence
is used, imprecision and inaccuracy of the HPLC method are comparable to the ID-GC-MS chosen as reference
method.

Introduction Materials and Methods

Vitamin E is a water-insoluble vitamin, representing a Chemicals
group of natural products, the tocols and tocotrienols, T*16 Ο^-α-tocopherol and the ZU-a-tocopherol acetate were ob-
., . . . 4 u ι·* · * ι. i / c T O i - : tained from Sigma (Deisenhofen, Germany), the tocol was kindly
the principal metabolite is a α-tocopherol (5,7,8-tn- provided by Hofrhiann-LaRoChe (Basel, Switzerland), the a-to-
methyl-tocol). Due to their chemical structure, tocols as copherol-de used as internal standard was kindly provided by Mr.
well as tocotrienols are highly reactive scavengers for Graham Burton, Steacie Institute for Molecular Sciences, National

j · . j· ι /ι ->λ Λ Λ c· · ι j Research Council of Canada (Ottawa, Ontario, Canada). TriSil Ζ-
oxygen-derived radicals (1,2) and a deficiency may lead Reagent (trimethylsilylimidazole/Pyridine) was obtained from
to neuropathologic and myopathologic alterations, Pierce (Oud-Beijerland, Netherlands), pyridine as silylation-grade
mainly as a result of radical-induced membrane deterio- solvent was from Macherey & Nagel (D ren, Germany). The pyri-

,. ι Λ * .·.· · *i. f *· f dine used as solvent for the silylation was dried using molecular
ration. Inadequate resorption in the course of cystic fi- sieve from sigma (Deisenhofen; Germany). Methanol acetonitrile
brosis or congenital disfiguration of the hepatobiliary and hexane were obtained as HPLC-grade solvents from J. T.
system quickly causes a deficiency of vitamin E (1, 3). Baker (Gro -Gerau, Germany). All other chemicals had a least

p.a. quality and were obtained from Merck. The Ci8-cartridges
In this Study we present two HPLC methods for the de- used for solid-phase extraction in the course of the sample prepara-
termination of α-tocopherol in serum. The methods are tio.n for ?,%ID-GC-MS ^asurements were Sep-Pak Vac Cart-r . . ndges with 3 ml volume from Waters (Eschborn, Germany) that
based on reversed-phase separation and the detection of were conditioned with 3 ml methanol and 3 ml bidemin. water be-
fluorescence or absorbance. This is the first study where fore use.
the inaccuracies of the presented HPLC methods for the For the imprecision and recovery experiments 5 pools were pre-
determination of α-tocopherol are evaluated by compari- Vw** from Patient sera- T*16 serum P°ols Ώχά were obtained by

, . ι·, · ι ι mixing blood samples of healthy donors and spiked with different
son to isotope dilution-gas chromatography-mass spec- ^^ of a.tocopheroi to achieve concentrations between 2.5
trometry using a-tocopherol-de as internal standard. mg/1 and 25 mg/1. For the method comparison, 25 serum samples
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from hospitalized patients were used. All blood specimens were
collected in Sarstedt-Monovettes with separation gel.

Instruments and settings

High performance liquid chromatography

The HPLC was performed on an HPLC system consisting of a
Waters 600E pump, an autosampler Waters 717, a 4-wavelength-
UV-/Vis~absorbance-detector Waters 490E set to 284 nm and 292
nm and ratio 284/292, a tunable fluorescence detector Shimadzu
RF-551 set to an excitation wavelength of 292 nm and an emission
wavelength of 325 nm and for system controlling, data acquisition
and peak integration a Maxima 825 chromatography manager
was used.

For both HPLC methods, the combination of a Nucleosil 100-5-
C18 (5 μηι particle size), 250 mm X 4.0 mm analytical column
(Chromatographie-Service, Eschweiler, Germany) and a Lichro-
sorb RP-18-5 guard column (Chromatographie-Service, Esch-
weiler, Germany) was used.

For the HPLC method with UV detection, an isocratic eluent with
65% acetonitrile, 34% methanol and 1% bidemin. water at a flow
rate of 2.0 ml/min was used.

For the HPLC method with fluorescence detection, methanol at a
flow rate of 1.5 ml/min was used as eluent.

Isotope dilution-gas chromatography-mass spectrometry

The instrument used was a Finnigan 1020 gas Chromatograph quad-
rupole mass spectrometer combined with a Perkin-Elmer Sigma 3
gas Chromatograph, equipped with a Permabond OV-1, 0.25 μπι,
25 m X 0.32 mm ID capillary column (Macherey & Nagel,
D ren, Germany).

GC-conditions: The carrier gas was helium at 70 kPa inlet pressure,
the split-exit was set at 30 ml/min, the injector temperature was
290 °C, the oven temperature was isothermal 270 °C, the transfer
line was heated to 290 °C.

MS-conditions: El-Modus (70 eV), selected mass detection at m/z
= 502 ± 0.25 (for α-tocopherol) and m/z = 508 ± 0.25 (for a-
tocopherol-d6), 0.28 seconds per scan and 0.14 seconds scantime
per mass.

Procedures and measurements

mg/1 D^-a-tocopherol acetate, 15 mg/1 D/,-a-tocopherol/15 mg/1
D^L-a-tocopherol acetate and 30 mg/1 D^-a-tocopherol/15 mg/1
£>,Z,-a-tocopherol acetate. These standards (30 μΐ) were injected for
HPLC analysis.

Preparation of the serum samples for the HPLC method with
UV-absorbance detection

The standard substances were weighed on a microbalance (Mikro-
waage 708501, Sartorius, G ttingen, Germany). All other weighing
procedures, including all required calibrations of volumetric de-
vices, were done on a semimicrobalance (Halbmikrowaage 2004
MP, Sartorius, G ttingen, Germany).

Preparation of the stock solutions of the standards and internal
standards for the HPLC methods
The stock standards were prepared to a concentration of 10 g/1 by
dissolving 0.5 g D^-a-tocopherol or Z),L-a-tocopherol acetate in
50 ml ethanol. Following 1 : 10 dilution, 1 ml aliquots of the stan-
dards containing 1 g/1 standard and internal standard were stored
at -20 °C. The internal standard for the HPLC method with fluo-
rescence detection was prepared to a concentration of 1 g/1 by dis-
solving 0.1 g tocol in 100 ml ethanol. This stock solution was di-
rectly aliquoted and stored at — 20 °C.

Preparation of the standards for the HPLC method with
UV-absorbance detection

The £>,Z,-a-tocopherol acetate standard was diluted with ethanol
before use to give a concentration of 150 mg/1. For quantification
three standards were prepared by mixing 500 μΐ of the internal
standard with 25 μΐ, 75 μΐ or 150 μΐ of the D^-a-tocopherol stan-
dard and adding methanol to give a final volume of 5 ml. This
result in three standards containing 5 mg/1 D^-a-tocopherol/15

Serum (500 μΐ) and 50 μΐ internal standard (7.5 μg AL
pherol acetate) were pipetted into a glass tube and mixed thor-
oughly for 15 s. After equilibrating for 10 min 500 μΐ ethanol were
added, mixed for 15 s and then 1 ml hexane was added. The mix-
tures were then thoroughly mixed for 10 min, followed by centrifu-
gation (10 000 g) for 5 min to enhance phase separation. The hex-
ane phase (900 μΐ) was evaporated to dryness under a nitrogen
stream at 60 °C. The residue was reconstituted with 200 μΐ acetoni-
trile and 30 μΐ were injected for HPLC analysis.

Calibration and calculation

The calculation was perfomed using Maxima 825 software and was
based on the peak area ratios of the determined D^-a-tocopherol
and the internal standard D^-a-tocopherol acetate. A linear rela-
tionship was assumed between the concentration of the D^-a-to-
copherol and the peak area ratio. The measuring range covered by
the three standards was 5 mg/1 to 30 mg/1 D^-a-tocopherol. For
samples with a peak area ratio outside this range an extrapolation
was performed.

Preparation of the standards for the HPLC method with
fluorescence detection

The tocol standard was diluted with ethanol before use to give a
concentration of 100 mg/1. For quantification, three standards were
prepared by mixing 500 μΐ of the internal standard with 25 μΐ, 50 μΐ
or 100 μΐ of the D,Z,-a-tocopherol standard and adding methanol
to give a final volume of 20 ml. This resulted in three standards
containing 1.25 mg/1 £>,L-a-tocopherol/2.5 mg/1 tocol, 2.5 mg/1
D,L-a-tocopherol/2.5 mg/1 tocol and 5 mg/1 Z),Z,-a-tocopherol/2.5
mg/1 tocol by mixing appropriate amounts of standards and metha-
nol. These mixtures (50 μΐ) were injected for HPLC analysis.

Preparation of serum samples for the HPLC method with
fluorescence detection

Serum (250 μΐ) and 25 μΐ internal standard (2.5 μg tocol) were
pipetted into a glass tube and mixed thoroughly for 15 s. After
equilibrating for 10 min, 500 μΐ ethanol were added and, after mix-
ing for 15 s, l ml hexane. These mixtures were thoroughly mixed
for 10 min, followed by centrifugation (10000g) for 5 min to en-
hance phase separation. The hexane phase (900 μΐ) was evaporated
to dryness under a nitrogen stream at 60 °C. The residue was recon-
stituted with 200 μΐ acetonitrile and 50 μΐ were injected for
HPLC analysis.

Calibration and calculation

The calculation was performed using Maxima 825 software and
was based on the ratio of the peak areas of the determined D,Z,-a-
tocopherol and the internal standard tocol. A linear relationship
was assumed between the concentration of the D^L-a-tocopherol
and the peak area ratio. The measuring range covered by the three
standards was 5 mg/1 to 20 mg/1 Z),Z,-a-tocopherol. For samples
with a peak area ratio outside this range an extrapolation was per-
formed.

Preparation of the stock solutions of the standards and internal
standards for the ID-GC-MS method

The stock standards were prepared by dissolving lOmg D£-a-
tocopherol in 50 ml ethanol. The internal standard for the ID-GC-
MS method was prepared by dissolving 5 mg α-tocopherol-dg in
25 ml ethanol. Aliquots of these standards were stored at -20 °C.
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Preparation of the standards for the ID-GC-MS method

The D^-a-tocopherol standard was diluted 1:16 with ethanol be-
fore use to give a concentration of 12.5 mg/1. For quantification
three standards were prepared by mixing 25 μΐ internal standard
with 300 μΐ, 400 μΐ or 500 μΐ D,L-a-tocopherol standard, giving
isotope ratios of 0.75, 1.00 and 1.25. These mixtures, one sample
containing 5 μg pure standard and one sample containing 5 μg pure
internal standard were evaporated to dryness under a nitrogen
stream at 60 °C. The residue was then reconstituted with 50 μΐ
TriSil Z-reagent (TMSI/pyridine) and incubated for 60 min at
65 °C. Then 1.5 μΐ were injected for the GC-MS analysis.

Preparation of the serum samples for the ID-GC-MS method

Serum (200 to 500 μΐ) (corresopnding to an amount of about 5 μg
D/,-a-tocopherol) and 25 μΐ internal standard containing 5 μg a-
tocopherol-de were pipetted into a glass tube, bidemin. water was
added to give a volume of at least 500 μΐ. After equilibrating for
10 min, 500 μΐ ethanol and 1 ml hexane were added, mixed for 10
min and. then centrifuged (10 000 g) for 5 min to enhance phase
separation. The hexane phase (950 μΐ) evaporated to dryness under
a nitrogen stream at 60 °C and the residue was reconstituted with
1 ml methanol. This solution was loaded onto Sep-Pak-Ci8 solid-
phase extraction columns and after washing to columns with 2 ml
bidemin. water and 2 ml methanol/water (70/30 by vol.), the ana-
lyte was eluted from the column with 5 times 1 ml methanol, dis-
carding the first portion of the eluent. The methanolic solution was
evaporated to dryness under a nitrogen stream at 60 °C. Then the
residue was reconstituted with 50 μΐ TriSil Z-reagent (trimethyl-
silylimidazole/pyridine) and incubated for 60 min at 65 °C, and 1.5
μΐ were injected for the GC-MS analysis.

Calibration and calculation

The peak integration was performed using Finnigan-1020 Soft-
ware. Subsequent calculations were performed using the procedure
described by Siekmann & Breuer (4).

Results

HPLC method with UV-absorbance detection

A sufficient separation for the D,Z,-a-tocopherol and the
D^L-a-tocopherol acetate is attained, as shown for a
standard in figure la and a serum preparation in figure
Ib. The ratio of the peak areas is as expected from the
molar absorbance coefficient of £>,Z,-a-tocopherol and
Z),L-a-tocopherol acetate at the wavelengths λ = 284
nm and λ = 292 nm (5). D,L-a-Tocopherol acetate has
its absorbance maximum at λ = 284 nm and therefore
we chose this wavelength to optimize the response of
the internal standard. The second wavelength of λ = 292
nm was only used for purity checking by calculating the
absorbance ratio 292 nm/284 nm.

The within-run imprecision (tab. la) was below 2% for
standards and below 2.5% for serum pools with concen-
trations between 3 mg/1 and 30 mg/1. The day-to-day im-
precision, assessed for the same serum pools, was al-
ways below 5% (tab. 2a). Standard addition experiments
never showed a recovery significantly deviating from
100% (tab. 3).

HPLC method with fluorescence detection

A sufficient separation for the D,L-a-tocopherol and the
Z),Z,-a-tocol is attained at shorter retention times com-
pared to the method using absorbance detection, as
shown for a standard and a serum preparation in fig-
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Fig. la Dual wavelength UV-chromatogram at 284 nm and 292
nm of a standard sample containing 15.0 mg/1 α-tocopherol (peak
1) and 15.0 mg/1 α-tocopherol acetate (peak 2) as internal standard.
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Fig. Ib Dual wavelength UV-chromatogram at 284 nm and 292
nm of a serum sample containing 9.2 mg/1 α-tocopherol (peak 1)
and 15.0 mg/1 α-tocopherol acetate (peak 2) as internal standard.
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ure 2, obtained with an excitation wavelength of 292 nm
and an emission wavelength of 325 nm. A complete
Chromatographie run takes 7—8 min compared to ΙΟ-
Ι l min for the former method.

The within-run imprecision (tab. Ib) was below 1% for
standards as well as serum pools with concentrations
between 3 mg/1 and 30 mg/1, and the day-to-day im-
precision (tab. 2b), assessed for the same serum pool

was always below 1.5%. Standard addition experiments
(tab. 3) never showed a recovery significantly deviating
from 100%.

Isotope dilution-gas chromatography-mass
spectrometry method

Figures 3a and 3b show the mass spectra of the tri-
methylsilyl derivatives of α-tocopherol and a-toco-

Tab. 1 Within-run imprecision for the two HPLC methods for the dards and four, respectively five, human pool sera from n = 10
determination of α-tocopherol, calculated for three aqueous stan- runs.

Standard Standard Standard Poolserum Poolserum Poolserum Poolserum Poolserum
1 2 3 1 2 3 4 5

a) Determination of α-tocopherol by HPLC combined with UV-detection
Mean [mg/1] 4.9 14.8 30.8 3.2
SD [mg/1) 0.09 0.16 0.49 0.07
CV [%] 1.9 l 1.6 2.2

8.9
0.14
1.6

14.4
0.24
1.7

28.9
0.35
1.2

b) Determination of α-tocopherol by HPLC combined with fluorescence detection
Mean [mg/1] 5.0 10.0 21.1 2.7 5.6
SD [mg/1] 0.04 0.03 0.10 0.02 0.02
CV[%] 0.7 0.3 0.5 0.9 0.4

11.9
0.03
0.3

18.6
0.09
0.5

23.6
0.14
0.6

CV = coefficient of variation in %

Tab. 2 Day to day imprecision for the three methods for the determination of α-tocopherol, calculated
for four, respectively five, human pool sera from n = 10 runs.

Poolserum l Poolserum 2 Poolserum 3 Poolserum 4 Poolserum 5

a) Determination of α-tocopherol by HPLC combined with UV-detection
Mean [mg/1] 3.2 9.2 15.2
SD [mg/1] 0.14 0.39 0.62
CV [%] 4.5 4.2 4.1

30.1
1.44
4.8

b) Determination of α-tocopherol by HPLC combined with fluorescence detection
Mean [mg/1] 2.9 6.3 11.7
SD [mg/1] 0.04 0.09 0.15
CV[%] 1.5 1.4 1.3

18.0
0.20
1.1

23.0
0.33
1.4

c) Determination of α-tocopherol by ID-GC-MS
Mean [mg/1]
SD [mg/1]
CV [%]

2.9
0.05
1.8

6.2
0.10
1.6

11.8
0.20
1.7

18.0
0.32
1.8

23.4
0.42
1.8

CV = coefficient of variation in %

Tab. 3 Recovery of the three methods for the determination of α-tocopherol, calculated for Pool 1,
spiked with α-tocopherol.

HPLC/UV-detection

Addition of
α-tocopherol
[mg/1]

5.0
10.0
20.0
30.0

Recovery

[%3

100.1 ± 0.7
99.5 ± 0.7
99.3 ± 0.5

100.4 ± 0.8

HPLC/fluorescence-detection

Addition of
a-tocopherol
[mg/1]

5.0
10.0
20.0
30.0

Recovery

[%]

100.4 ± 0.7
100.2 ± 0.8
99.8 ± 0.6

100.6 ± 0.7

ID-GC-MS

Addition of
a-tocopherol
[mg/1]

3.75
5.00
6.25

Recovery

[%]

98.6 ± 1.6
98.8 ± 0.9
98.5 ± 1.7



Kock et al.: α-Tocopherol in serum by HPLC and ID-GC-MS 375

pherol-de. For quantification we used the mass m/z
= 502 for α-tocopherol and m/z = 508 for a-toco-
pherol-de. For all serum samples the selected ion-
monitoring chromatograms looked like figure 4 and
had no interfering peak.

I
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Fig. 2 Fluorescence chromatograms
a) of a standard sample containing 10.0 mg/1 tocol as internal stan-
dard (peak 1) and 10.0 mg/1 α-tocopherol (peak 2)
b) of a serum sample containing 10 mg/1 tocol as internal standard
(peak 1) and 11.7 mg/1 α-tocopherol (peak 2)

The day-to-day imprecision (tab. 2c) for serum pools
with concentrations between 3 mg/1 and 30 mg/1 never
exceeded 1.8% and the standard addition experiments
(tab. 3), performed at a lower concentration range than
used for the HPLC methods, showed a recovery of
100%, deviating not more than 1.3 standard deviations.

Method comparisons
The results of the three methods were compared using the
Passing-Bablok method (6) for n = 25 serum samples
with α-tocopherol concentrations between 5 mg/1 and 25
mg/1 and the following relationships were obtained:
For the comparison of the ID-GC-MS method and the
HPLC method with fluorimetric detection (fig. 5a)
^α-tocopherol, HPLC-fluorescence

= 1.027 X Ca-tocopheroi, ID-GC-MS + 0.085 mg/1
confidence interval for slope b: 0.998 — 1.057
confidence interval for intercept a:

-0.31 mg/1 - +0.48 mg/1
coefficient of correlation r: 0.998
For the comparison of the ID-GC-MS method and the
HPLC method with absorbance detection (fig. 5b)
^α-tocopherol, HPLC-absorbance

= 1.094 X Ca-tocopheroi, ID-GC-MS + 0-73 mg/1
confidence interval for slope b: 1.001 - 1.187
confidence interval for intercept a:

-0.53 mg/1 - +1.98 mg/1
coefficient of correlation r: 0.981
For the comparison of the HPLC method with fluorimet-
ric detection and the HPLC method with absorbance de-
tection
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Fig. 3 a) Mass spectrum of the trimethylsilylated a-tocopherol
b) Mass spectrum of the trimethylsilylated a-tocopherol-dg
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100 150 200 250 300
Number of scans

350 400 450 500

Fig. 4 Selected ion-monitoring chromatograms a) of a-toco-
pherol at m/z = 502 and b) of a-tocopherol-d6 at m/z = 508 for a
serum sample. The serum sample contained 13.5 mg/1 a-tocopherol

^•a-tocopherol, HPLC-absorbance
= 1.053 X Ca-tocopherol, HPLC-fluorescence + 0.51 mg/1

confidence interval for slope b: 0.968 - 1.138
confidence interval for intercept a:

-0.67 mg/1 - +1.69 mg/1
coefficient of correlation r: 0.983

The respective difference plots are shown in figs.
6a—c. The relative differences between the results ob-
tained by the ID-GC-MS method and the HPLC
method with fluorescence detection (fig. 6a) showed
a bias with a mean of 3.5% and a standard deviation,
indicating the scattering of the bias, of 3.0%. The
relative differences between the results obtained by
the ID-GC-MS method and the HPLC method with

and 500 μΐ serum were used for sample preparation as described
in methods and materials.

UV-detection (fig. 6b) had a mean of 14.3% and a
standard deviation of 10.4%. In the case of the com-
parison between the HPLC method with fluorescence
detection and the HPLC method with UV-detection
(fig. 6c), the mean was 10.4% and the standard devia-
tion 9.2%, the bias showed a significant concentra-
tion dependence.

Reference range

Table 4 summarizes the data for a tentative reference
range determination for serum samples from η = 64
male and η = 66 female subjects using the HPLC
method with fluorescence detection. No significant de-
pendence of sex and age, except that the results for
males below 10 years were lower, could be found. The

5 10 15 20

Vitamin E (ID-GC-MS) [mg/1]

5 10 15 20

Vitamin Ε (ID-GC-MS) [mg/q

0 5 10 15 20 25

Vitamin E (HPLC-Fluorescence) [mg/1]

Fig. 5 Method comparison for r = 25 samples for the three methods compared
a) Vitamin E (ID-GC-MS) vs. Vitamin E (HPLC-fluorescence)
b) Vitamin E (ID-GC-MS) vs. Vitamin E (HPLC-UV)
c) Vitamin E (HPLC-fluorescence) vs. Vitamin E (HPLC-UV)
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Fig. 6 Difference plots for η = 25 samples for the three methods
compared, including the

a) Vitamin Ε (ID-GC-MS) vs. Difference a = 100 X (Vitamin Ε
(HPLC-Fluorescence) - Vitamin E (ID-GC-MS))/Vitamin E (ID-
GC-MS)
Mean χ = 3.5% Standard deviation s = 3.0%

reference range from all n = 120 samples from males
and females with an age of 10 and more years is
(χ ± 3 s) is (3.2-21.8) mg/l.

Conclusions

The aim of this study was the evaluation of two high-
performance liquid Chromatographie methods for the de-
termination of α-tocopherol with different detection
methods compared to an isotope dilution-gas chroma-
tography-mass spectrometry method as the reference
method. Due to the fact that reference materials with
certified reference values for the analyte of interest are
not commercially available, this is the only way to ac-
cess the inaccuracy of the methods under study.

Tab. 4 Reference range for α-tocopherol in serum.

Age [a]

a) Males
- 9

10-19
20-29
30-39
40-49

>50
All males

b) Females
- 9

10-19
20-29
30-39
40-49

>50
All females

n

6
5

24
17
5
7

64

4
7

27
16
6
6

66

α-Tocopherol [mg/l]

Mean

9.8
10.7
12.1
12.5
14.7
13.9
12.3

12.0
13.0
12.7
11.7
13.4
13.6
12.6

Standard
deviation

3.0
1.3
2.6
3.7
3.1
3.1
3.1

1.2
3.5
2.6
2.0
2.6
3.3
3.1

Mini-
mum

4.7
9.0
8.7
8.4

12.1
9.6
4.7

10.3
8.9
8.5
8.6

10.7
10.3
8.5

Maxi-
mum

14.2
11.9
16.8
20.6
20.0
19.4
20.6

12.9
19.2
18.1
16.4
18.4
19.2
19.2

b) Vitamin E (ID-GC-MS) vs. Difference b = 100 X (Vitamin E
(HPLC-UV) - Vitamin E (ID-GC-MS))/Vitamin E (ID-GC-MS)
Mean χ = 14.3% Standard deviation s = 10.4%
c) Vitamin E (HPLC-Fluorescence) vs. Difference c = 100 X (Vi-
tamin E (HPLC-UV) - Vitamin E (HPLC-Fluorescence))/Vitamin
E (HPLC-Fluorescence)
Mean χ = 10.4% Standard deviation s = 9.2%

The imprecision within-run was for all samples tested
lower than 2.5% for the HPLC method with absorbance
detection and lower than 1% for the HPLC method with
fluorescence detection. The HPLC method with absor-
bance detection had a between-day imprecision lower
than 5% for all serum pools, the HPLC method with
fluorescence detection, as well as the ID-GC-MS, had a
between-day imprecision lower than 2% with always a
slightly better performance of the HPLC method.

The recovery experiments showed unexpectedly the
worst imprecision for the ID-GC-MS method and a
slight bias for this method. The method comparison
showed a nearly perfect correlation for the results of the
ID-GC-MS and the HPLC fluorescence method with a
coefficient of correlation r = 0.998. The HPLC absor-
bance method showed an inferior correlation with both
other methods and this method led to slightly higher
results than the other methods.

Unexpected in this study was the slighty inferior im-
precision of the chosen ID-GC-MS reference method
compared to the HPLC method with fluorescence detec-
tion. This may be due to the relative poor signal/noise
ratio of the mass detection in the mass range used, and
also dependent on the mass spectrometer used, although
this is not an explanation for the slight bias observed in
the recovery experiments, which remains unclear. Nev-
ertheless, it could be shown that the combination of a
suitable sample preparation with a liquid chromatogra-
phy and a specific detection may lead to an analytical
performance comparable to the isotope dilution prin-
ciple (7).

Several biological functions have been found for α-to-
copherol, the most important are the function as antioxi-
dant, its influence on the metabolism of arachidonic acid
and the fluidity of membranes. Deficiency leads to en-
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hanced lipid-peroxidation and the neuromuscular system
is affected first (1, 2, 8-9). There is evidence that the
function as radical scavenger is associated with an anti-
carcinogenetic effect. Due to these facts there is increas-
ing interest in the monitoring of the concentration of

-tocopherol. For wider clinical use reliable analytical
methods and reference materials for standardization as
well as quality control have to be established. Several
methods for the determination of -tocopherol by HPLC
have been described (10-16). This study is the first
where the reliability of the new methods was evaluated
by method comparison of the results to those of an ID-
GC-MS method. The lack of internationally accepted
standards and control materials prevented an assessment
of the inaccuracy of the methods presented.

Both HPLC methods presented here have been eval-
uated as precise and accurate enough to be used for clin-
ical use and the HPLC method with fluorescence detec-
tion has a comparable analytical performance to the ID-
GC-MS method used as reference method. The specific-
ity of the fluorescence detection moreover allows the
use of a different solvent for the liquid chromatography.
This results in the reduction of the runtime for an analy-
sis to 7—8 min compared to 10—11 min required for
one analysis using the absorbance detection. The range
of applicability is not limited to serum or plasma, indeed
the method may be applied to other biological materials,
where the liquid-liquid extraction as sample preparation
is sufficient for isolating the -tocopherol.
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