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Assessment of vitamin A status is currently focussed on circulating levels
of retinol and its binding protein and establishing their relationship to liver
reserves of vitamin A [1—3]. The relationship between plasma vitamin A, an
insensitive measure of vitamin A status [2], and the functional availability of
the vitamin at tissue level has yet to be determined. Measurement of vitamin A
in human cheek epithelial (buccal mucosal) cells as a tissue source offers a
convenient opportunity to study these relationships in a large number of
subjects, including children, because of the non-invasive method of collection
of these cells and because buccal mucosa, like other mucosal epithelial surfaces,
is sensitive to vitamin A [4—6]. Vitamin E is known to influence the biological
availability of vitamin A [7—9], thus a method of assessment of the costatus
of these two vitamins at the tissue level is highly desirable.

We describe for the first time a high-performance liquid chromatographic
(HPLC) procedure for the detection and quantification of vitamin A (as
retinol) and vitamin E (as a-tocopherol) in human buccal mucosal cells. The
analysis exploits the cheek cell collection method of McMurchie et al. [10],
the extraction procedure of Bligh-Dyer [11], normal- and reversed-phase chro-
matography and the native fluorescence of vitamins A and E.
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EXPERIMENTAL

Reagents aend glassware

All solvents including water were HPLC grade while all other reagents were
analytical grade (Ajax Chemicals, Sydney, Australia). Chloroform was further
purified by distilling from an all-glass apparatus, rejecting the first 10% and
the last 25% of the distillate. All-trans-retinol of crystalline purity and d-a-
tocopherol were obtained from Sigma (St. Louis, MO, U.S.A)).

The stock retinol solution, 1.0 mmol/l (286 mg/l) in absolute alcohol, was
stable for at least three months at —20°C. The working retinol solution, 100
nmoel/l in absolute alcohol, was prepared fresh on the day of analysis. The
stock a-tocopherol solution, 1.0 mmol/l (431 mg/l) in absolute alcohol, was
stable for at least three months at —20°C. The working a-tocopherol solution,
1.0 ymol/l in absolute alcohol, was prepared fresh on the day of analysis. The
concentration of each working standard was confirmed spectrophotometrical-
ly by using their respective absorptivities (41%,) in absolute alcohol: retinol
1780 at 325 nm and a-tocopherol 75.8 at 292 nm,

The internal standard for retinol, 1-naphthol, was obtained from Ajax
Chemicals. The stock 1-naphthol solution, 1.0 mmol/1 (144 mg/l} in absolute
alcohol, was stable for at least six months at —20°C. The working 1-naphthol
solution, 100 nmol/] in methanol, was prepared freshly on each day of analysis.
The internal standard for a-tocopherol, d-tocol, was a gift from Eisai Research
Labs. (Tokyo, Japan). The stock tocol solution, 1.0 mmol/l (389 mg/l) in
absolute alcohol, was stable for at least six months at —20°C. The working
tocol solution, 25.0 nmol/l in methanol, was prepared freshly on each day
of analysis.

Sample preparation

Human cheek cells were collected as follows. Subjects were first asked to
rinse their mouths with distilled water. Subsequently, cells were collected by
vigorously swirling 5 ml of distilled water around the mouth and spitting out
the water and contents into a darkened plastic screw-cap jar containing 25 ug
butylated hydroxytoluene (BHT). Collecting cycles were repeated three more
times until approximately 20 ml had been collected. The resultant cheek cell
suspension was filtered through a sintered-glass funnel (Pyrex Size 0, 161—250
um).

The filtrate was successively aliquoted into a 10-ml glass quick-fit cen-
trifuge tube, centrifuged at 2000 g for 10 min and decanted. The cells were
resuspended twice in isotonic saline and the washed pellet, remaining following
successive centrifuging and decanting, was kept either at room temperature
(for up to 2 h) before extraction or stored frozen at —20°C until assay (usually
within two weeks).

On the day of the analysis, the thawed cheek cell pellet was reconstituted
with 2 ml distilled water by successively vortexing and sonicating for 30 s.
Aliquots, 1.2 ml, 0.4 ml and 2 X 0.1 ml, were pipetted into labelled 10-ml
glass quick-fit centrifuge tubes for retinol, a-tocopherol and protein deter-
mination, respectively.
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Extraction procedures

Vitamin A. Known amounts of vitamin A covering the range 0—50 pmol/mg
of protein were added in 10 pmol/mg of protein increments to prepared 1.2-
ml cell aliquots from a cheek cell pool. To these standard tubes and to each
patient sample to be assayed (tube containing a cell pellet aliquot), 3 ml of
1-naphthol working internal standard solution and 1.5 ml of chloroform were
added. Tubes were stoppered, sonicated for 10 s, vortex-mixed for 60 s and
allowed to stand for 5 min. Water (1.5 ml) and chloroform (1.5 ml) were
added. Following gentle mixing by inversion, the tubes were centrifuged at
2000 g for 5 min. The infranatant was transferred to another 10-ml quick-fit
centrifuge tube and evaporated to dryness at 40°C under a stream of nitrogen.

Vitemin E. Known amounts of vitamin E covering the range 0—500 pmol/
mg of protein were added in 100 pmol/mg of protein increments to prepared
0.4-ml cell aliquots from a cheek cell pool. To these standard tubes and to
each patient tube containing a cell pellet aliquot, 0.4 m] of a 50 mmol/l solu-
tion of pyrogallol in boiled water, 2 ml of tocol working internal standard and
1 ml of chloroform were added. Tubes were stoppered, sonicated for 10 s,
vortex-mixed for 60 s and allowed to stand for 5 min. Water (1 ml) and chloro-
form (1 ml) were added. At this stage the procedure was followed as for cheek
cell vitamin A.

Protein in cheek cells
Protein was determined in duplicate on the two 0.1-ml cell aliquots, using
the method of Lowry et al. [12].

High-performance liquid chromatography

Liquid chromatographic analyses were performed using a Model 320 liquid
chromatograph (Beckman Instruments) equipped with a Model F1000 fluores-
cence spectrophotometer (Hitachi). The analytical column for retinol was a
pre-packed 250 X 4.6 mm I.D. Ultrasphere-Si column, average particle size 5
pm, and the guard column was 50 X 4.6 mm I.D., dry-packed with Spherisorb-
Si, 10 um. Tocopherol was separated on a 250 X 4.6 mm L.D. Ultrasphere ODS,
average particle size 5 um, and the guard column was 50 X 4.6 mm LD., dry-
packed with Ultrasphere ODS, 20 um (analytical columns and packings, Beck-
man Instruments).

Vitamins A and E were eluted isocratically with heptane—dioxane (92:8)
and methanol, respectively, at a constant flow-rate of 2 ml/min. With detector
sensitivity 20, excitation 326 nm, emission 470 nm for retinol and 1, 295 nm
and 330 nm, respectively, for a-tocopherol, peak heights were recorded with a
10-mV recorder at a chart speed of 0.5 cm/min.

Residues were dissolved in 300 ul of their respective mobile phases and
250-ul aliquots injected into the chromatograph. Under the above conditions,
the retention times for retinol and «-tocopherol were 7.9 and 7.5 min, respec-
tively. A calibration curve was made by plotting peak-height ratios (retinol/
internal standard and a-tocopherol/internal standard) against vitamin A and
E concentrations, respectively. The intercepts, which represent the endogenous
levels of retinol and a-tocopherol in the cheek cell pool, were subtracted from
the peak heights of the vitamin A and E standards. The ratio of corrected peak
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heights of vitamin standard to internal standard was then calculated and the
value of unknown specimens calculated by direct proportion.

RESULTS AND DISCUSSION

Typical chromatograms of an extract of cheek cells from an adult volunteer
are illustrated in Fig. 1. For a number of reasons, it was not practical to use
the same HPLC conditions for both vitamins. Unlike the excellent separation
afforded a-tocopherol and tocol, retinol, at the higher sensitivity setting re-
quired for its quantitation, could not be adequately resolved on a reversed-
phase column from the gross peak at the beginning of the chromatogram, even
with gradient elution and a variety of solvent phase combinations. In addition,
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Fig. 1. Liguid chromatograms of extract of human buccal mucosal cells containing 12 pmol
retinol per mg protein (A) and 240 pmol a-tocopherol per mg protein (B)



294

th'(‘e‘ high fluorescence intensity of a-tocopherol in methanol [13], compared
with the hydrocarbon-based mobile phase (which would be necessary for its
e}utlon from a silica gel column), and the quite different fluorescent proper-
ties of each vitamin necessitated their quantitation using different chromato-
graphic column packings and eluting solvents.

Sensitivity
Detection limit, defined as a signal twice the height of the noise level, was
approximately 0.5 pmol retinol per mg protein and 5 pmol a-tocopherol per

mg protein. When 1 pmol/mg of protein was added to a cheek cell aliquot

with an endogenous retinol concentration of 12 pmol/mg of protein, the
peak-height ratio of vitamin to internal standard was increased from 0.92 to
1.00; similarly, when 50 pmol a-tocopherol per mg protein was added to a
cheek cell aliquot having an endogenous a-tocopherol concentration of 240
pmol/mg of protein, the peak-height ratio of vitamin to internal standard
was increased from 1.69 to 2.04. Concentration and peak height were linearly
related throughout the concentration ranges investigated, 1—50 pmol retinol
per mg protein and 50—500 pmol a-tocopherol per mg protein. This adequate-
ly covers the range of vitamin A and E concentrations in cheek cell samples
from normal children and adult controls.

Choice of reference standard

In selection of a reference standard, wet weight, dry weight, cell numbers
and protein were considered. Of these, protein was the most reproducible
[coefficient of variation (C.V.) 3%] and was correlated with dry weight by
a factor 0.811 (n=18). Protein determination also provides increased sen-
sitivity when cell yields are low, a not uncommon occurrence when collec-
tions are taken from young children.

Reproducibility

To assess the reproducibility of the method, five replicate samples from a
cheek cell pool were analysed on each of five different days. For the five
within-day replicates, the mean retinol concentration was 13.7 pmol/mg of
protein and the C.V. was 10.6%; the mean a-tocopherol concentration was
381 pmol/mg of protein and the intra-batch C.V. was 9.8%. The correspond-
ing between-day values were: 12.6 pmol retinol per mg protein, C.V. 12.2%
and 390 pmol a-tocopherol per mg protein, C.V. 11.1%.

Analytical recovery and stability of preparations

The two vitamins were found to be stable for up to ten weeks in the washed
cell pellet when prepared and stored as described above. Freezing the cheek
cell collection, as received, was not attempted because of almost certain cell
lysis, and storage of the whole cell collection at 4°C produced unpredictable
losses of retinol and a-tocopherol, presumably from bacterial action. BHT,
at the concentration employed, prevented possible losses of vitamins A and E
during cell storage at —20°C. It was preferred to pyrogallol as an antioxidant
at the cell collection and storage stage because of its greatly reduced handling
toxicity. However, inclusion of pyrogallo}l during the vitamin E extraction was
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essential in preventing excessive and unpredictable losses from oxidative degra-
dation of a-tocopherol. In the absence of pyrogaiiol, recovery varied between
10 and 80% compared with near complete recovery (94—103%) when pyro-
gallol was added. Analytical recoveries of retinol were good (> 89%) without
pyrogallol and were not improved by its addition, hence we elected to add
none in that extraction procedure (Table I).

The high extraction recoveries of vitamins A and E from cheek cells were
achieved using the Bligh—Dyer method. We failed to achieve reproducible and
quantitative results with hexane procedures previously reported for the extrac-
tion of fat-soluble vitamins from plasma [14—17] and somatic afferent recep-

tor cells [18] . o o o o

TABLE I

RECOVERY OF ADDED RETINOL AND OF ADDED o-TOCOPHEROL TO BUCCAL
MUCOSAL CELLS

Compound Concentration (pmol/mg of protein) Mean recovery
(%)

Endogenous (mean) Added Found (mean)

Retinol 13.7 10.0 22.0 93
25.0 34.4 89
50.0 62.4 98
a-Tocopherol 381 100 452 94
250 650 103
500 890 101

Selectivity

The identity of retinol and a-tocopherol in cheek cells was assessed by com-
paring their retention times to those of the corresponding reference com-
pounds. Sharp and isolated peaks with retention times identical to retinol and
a-tocopherol were obtained when these vitamin standards were added to cheek
cells, extracted and chromatographed. Moreover, the peak heights were
modified as expected from the two original relative concentrations. This co-
chromatographic agreement was always found regardless of the chromato-
graphic conditions (different mobile phases and C,; columns).

The method employed in this study for the sampling of human cheek cells
yvielded sufficient material (>>25 ug protein per 1-ml cell collection) to allow
the analysis of vitamins in cheek cells from children as young as 5 years of age.
To lessen direct contamination from food, drugs, vitamin preparations, etc.,
and because cells are removed from buccal mucosa during eating, collection
was made on fasting subjects. By filtering the resultant cheek cell suspension
through a sintered-glass funnel, foreign material, such as food particles which
may not have been removed by the initial rinse, was separated from the cheek
cell filtrate. The cell pellet was washed twice with isotonic saline to exclude
possible contamination from saliva.

The method described was developed as part of an on-going epidemiological
study in which the relationship between vitamin A status and incidence of
respiratory tract infections is being examined [19]. Preliminary investigations
suggest that buccal cell retinol may prove a sensitive index of vitamin A status.
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The reliability of the method and the relationship to other sensitive measures
of vitamin A status will be reported elsewhere. The present investigation has
shown liquid chromatography with fluorescence detection to be a highly sen-
sitive and selective method for the analysis of vitamins A and E in buccal
mucosal cells.
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