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High-performance hquid chromatography (HPLC) has been used exten-
sively for the determination of serum c-tocopherol in clinical and analytical
lahoratories, vitamin E deficiency having important implheations for cell mem-
brane peroxidative damage 1n preterm infants, neurological disorders and
chronic liver disease It has recently been recognised, however, that low serum
levels of a-tocopherol may not accurately reflect tissue concentrations, partic-
ularly in the presence of liver disease [1] HPLC assays for analysis of tissue
«a-tocopherol have been heset by problems of incomplete extraction in hexane
[2], and whilst a more complete extraction 1s achieved with acetone, a large
solvent front containing interfering substances may make 1t dafficult to mea-
sure accurately tissue a-tocopherol We present a method for quantitative de-
termination of «-tocopherol extracted with acetone from small samples of rat
liver, which utilises a simple Sep-Pak C,; cartridge punfication and elution
with ethanol, prior to separation of the rat liver homogenates on a Cy Ultra-
gphere column by HPLC

EXPERIMENTAL
Animals

Inbred male rats (Wags, Harlan Olac, Oxon, U K ) weighing approximately
125 g, were fed erther a vitamin E-deficient diet (05 mg/kg) (SDS, Essex,
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U K ) or the same diet supplemented with vitamin E (100 mg/kg) to normal
levels After four weeks the rats underwent a lobectomy to provide 200 mg wet
weight liver for duplicate vitamin E analysis The Liver was frozen at —20°C

for upto seven days

Reagents
d-a-Tocopherol and d-a-tocopherol acetate were obtained from Sigma

(Poole, U K ) Methanol (HPLC grade), ethanol and acetone (AR grade ) were
from Fisons (Loughborough, U K )

Apparatus and conditions
The HPLC equipment consisted of a Model LC3-XP pump (Pye Unicam,

Cambridge, U K ) and a Magnus M7110 pneumatic autosampler equupped with
a 200-ul loop Chromatography was performed on an Ultrasphere Cg; column
(250 mm x4 6 mm I D, 5 ym, Beckman, Bucks, U K ) using pure methanol as
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Fig 1 High-performance hquid chromatograms of the separation of «-tocopherol (a} and a-
tocopherol acetate (b) from rat liver (A) without prior treatment and (B) following a Sep-Pak

C,;5 cartridge separation

the mobile phase, at a flow rate of 1 5 ml/min The absorption was monitored
at 280 nm using a UV detector (Pye Unicam, Cambridge, U K } and peak
heights were recorded on a 4270 integrator (Spectra-Physics, Hemel Hemp-
stead, U K )

Standards

A stock solution of d-«-tocopherol (10 mg/ml) and a stock solution of in-
ternal standard, d-«-tocopherol acetate (10 mg/ml) were prepared 1n ethanol
on the day of analysis of hepatic «-tocopherol and diluted 1n ethanol to give
five standards with a range of 2 5-50 0 ug/ml d-c-Tocopherol acetate was
added to each standard to give a concentration of 5 ug/ml These standards
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were taken through the assay, as described below for liver preparation, result-
ing 1n standards with a final concentration ranging between 0 25 and 5 00 ug/
ml

Sample preparation and chromatography

Samples of rat hiver (100 mg) were homogenised on ice for | min 1n 2 ml
acetone The homogenate was centrifuged for 10 min at 1200 g and the super-
natant decanted A further two acetone extractions were performed and the
three supernatant extracts pooled prior to evaporation under nitrogen at 60°C
The dry residue was redissolved 1n 1 ml of methanol

A Sep-Pak C, cartridge (Millipore, Middlesex, U K ) was prepared hy pas-
sage of 4 ml of methanol followed by 4 ml of distilled water, using a siliconised
glass syringe The standards and reconstituted samples were slowly passed into
the cartridge and the cartridge was washed through with 2 ml of distilled water
The tocopherol 1somers, the internal standard and molecules of similar polar-
1ty were subsequently collected from the cartridge by passing through 2 ml of
ethanol The ethanol eluent was then evaporated to dryness under mitrogen,
reconstituted with 1 ml of methanol and 200- ul aliquots were 1njected onto the
HPLC column

RESULTS

Calibration curves

Calibration curves (n=6) obtained from the peak height ratio of d-a-toco-
pherol/d-«-tocopherol acetate 1n a range of standard concentrations gave a
linear regression equation of y=0 0289 + 0 0560x and a coefficient of correla-
tion of r=0 996

Sep-Pak purification

The elution profile of hiver homogenate containing d-«-tocopherol acetate
internal standard 1s shown in Fig 1 Insufficient resolution was obtained by
direct HPLC analysis of liver from vitamin E-replete rats (Fig 1A) A pnor
Sep-Pak C, 4 cartridge separation step, however, enabled the removal of mole-
cules with a relative polarity both greater and lesser than «-tocopherol (Fig
1B)

Tocopherol isomer identification

Vitamin E 1s comprised of four compounds «-, -, y- and é-tocopherol In
order to confirm, therefore, that a-tocopherol 1s the 1somer detected by this
assay, each isomer was separately passed through the HPL(' system and the
retention time recorded, and an elution profile of a mixture of these 1somers
subsequently obtained showing resolution of the tocopherol compounds (Fig
2)
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Fig 2 High-performance hiquid chromatogram of standard tocopherol 1somers at a ¢ oncentration
of 2 ug/ml Peaks 1=4-tocopherol, 2=y-tocopherol and f-tocopherol co-eluting, = rv-tocopherol

Recovery

The recovery of «-tocopherol was estimated by supplementing the hiver with
a known amount of d-«-tocopherol standard before homogenisation. and the
a-tocopherol concentration was measured compared to the spike added The
average recovery at 10 ug/mlwas 954+ 1 7% (n=10)

Detection limit
The detection limit was 0 5 ug «-tocopherol per gram liver

Preciswon
The within-day and day-to-day coefficients of vanation were 2 3% {n=28)

and 2 8% (n=12), respectively

Normal values
The retention times for d-«-tocopherol and d-«-tocopherol acetate were ap-
proximately 7 and 10 min, respectively High-molecular-mass molecules eluted
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upto approximately 40 min, necessitating two methanol washes of the column
between each liver sample. Normal values (mean +8.D.) obtained in vitamin
E-replete rats were 28.9+ 3.7 ug «-tocopherol per gram liver, whilst values
were reduced to 3.7+ 1.5 ug/g in rats fed a vitamin E-deficient diet for four
weeks,

DISCUSSION

The method presented for analysis of hepatic a-tocopherol is simple, precise
and sensitive to 0.05 ug «-tocopherol per gram tissue. It enables analysis of as
little as 0.1 g wet weight of liver, even when the rats are almost completely
vitamin E-deficient. Extraction with acetone enables a good recovery of tissue
«-tocopherol and use of a Sep-Pak C,4 cartridge, to remove molecules with a
polarity greater than «-tocopherol and retain relatively non-polar molecules,
enables a much improved resolution of the HPLC peaks.
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