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Relatively simple mixtures of fat soluble vitamins prepared from dry concen-
trates may be separated by reversed-phase’~? and by adsorption modes*—7 of high-
performance liquid chromatography. Vitamin A acetate and its associated isomeric
compounds® and also vitamin E acetate and its isomeric compounds®!® have been
separated by adsorption chromatography. Vitamin D and its related thermal and
photoisomers have been separated by reverse phase'*»*? and by adsorption modes*~’
of chro-natography. The quantitative determination of the individual fat soluble
vitamins in multivitamin tablets is a more complex analytical problem. Earlier work
on the development of a method for the determination of vitamin D, and pre-
vitamin D, in multivitamin tablets using adsorption chromatography!3-* and recent
reversed-phase studies of fat-soluble vitamins in admixture!5.16 suggested that a com-
parative study of the two modes of chromatography for the assay of all the fat-soluble
vitamins in multivitamin tablets would be of interest. It was found that a combination
of both reversed-phase and adsorption chromatography was necessary for the quanti-
tative separation of the fat-soluble vitamins in a single multivitamin tablet.

EXPERIMENTAL

Reagents and stock solutions

The reagents used were of analytical-reagent grade unless otherwise stated:
cyclohexane (laboratory grade); isopropanol; vitamin A acetate (pure, crystalline),
vitamin E acetate (pure, N.F. XIII) and vitamin D, (pure, B.P., U.S.P.) (Koch-Light,
Colnbrook, Great Britain); 4-hydroxybiphenyl (BDH, Poole, Great Britain).

Vitamin solutions
Vitamin A acetate + vitamin D,. A 100-mg amount of vitamin A acetate and

10 mg vitamin D, were dissolved in 10 ml isopropanol and diluted to 100 ml with
cyclohexane.

0021-9673/80/0000-0000/302.25 © 1980 Elsevier Scientific Publishing Company



NOTES 301

Vitamin A acetate -+ vitamin E acetate. A 340-mg amount of vitamin A acetate
and 500 mg vitamin E acetate were dissolved in 10 ml! isopropanol and diluted to
100 m! with cyclohexane.

Fsomerised vitamin D, solution. A 100-mg amount of vitamin D, was dissolved
in 160 ml cyclohexane and heated under reflux (80°C) for 2 h. The isomerised solution
contained vitamin D, and pre-vitamin D, in the ratio 78:22 (ref. 13). The isomerised
solution was cooled to 4°C and 1 ml diluted to 10 ml with cyclohexane.

Vitamin A acetate -+ vitamin E acetate - vitamin D, + 4-hydroxybiphenyl.
A 340-mg amount of vitamin A acetate, 500 mg vitamin E acetate, 10 mg vitamin D,
and 4.5 mg 4-hydroxybiphenyl were dissolved in 10 m! isopropanol and diluted to
100 ml with cyclohexane.

Chromatography

The ligquid chromatograph was equipped with a constant-flow pump (Waters
Assoc., Milford, MA, U.S.A.; Model M6000), a dual-wavelength ultraviolet ab-
sorbance detector (Waters Assoc., Model 449) and a syringe-loop injection system
(Waters Assoc., U6K). In the reversed phase systems the columns were: (a) Partisil
10 zm ODS (250 X 4.6 mm I.D.) (Whatman, Maidstone, Great Britain); (b) zBonda-
pak C;5 (300 x 4.6 mm I.D.) (Waters Assoc.). The chemical nature of the ODS and
C,z phases are essentially the same. The mobile phase was methanol-water (90:10)
at a flow-rate of 1 ml min~". In the adsorption system the column was packed with
Partisil 10 microparticulate silica (250 x 4.6 mm I.D.) (Whatman). The mobile phase
was cyclohexane containing 1.259%; isopropanol'® at a flow-rate of 0.8 m! min—*.

After equilibration with solvent to obtain a steady base line (15-30 min) 5-zl
aliquots of samples were injected and chromatograms recorded.

RESULTS AND DISCUSSION

Chromatograms shown in Figs. 1-5 are typical and illustrate the main features.

The chromatography of vitamin A acetate and vitamin E acetate is com-
plicated by the presence of products of side chain oxidation and by degradation to
the parent alcohols, that of vitamin D, is complicated by the presence of thermal and
photoisomers. Reverse-phase chromatograms, Figs. 1 and 2, show that vitamin A
and E acetates and vitamin D, can be separated from one another and that the
degradation products of vitamin A acetate and vitamin E acetate can be separated
from the parent vitamins. The reversed-phase chromatograms in Fig. 3 show that
vitamin D, could be separated from pre-vitamin D, on the ODS column but not on
the C, column although the phases are chemically similar. Reversed-phase separation
of vitamin D from related isomeric compounds has been reported previously!’-!2, In
the present work these separations were not consistent and it is the view that these
separations are obtained by an adsorption mechanism based on residual uncoated
silica which varies from column to column and with usage.

Reversed-phase chromatography is thus considered suitable for the deter-
mination of vitamin A acetate and vitamin E acetate and adsorption mode chromato-
graphy for the determination of both vitamin D, and pre-vitamin D, as required for
the determination of the potency of a product'. Adsorption chromatography on
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Fig. 1. Reversed-phase (zBondapak C,s) chromatograms of vitamin A acetate (1), vitamin D, (4)
and vitamin E acetate (6) with isocratic elution using methanol-water (9:1). Other peaks: 3 = degra-
dation products of vitamin A; 7 = degradation products of vitamin E.
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Fig. 2. Reversed-phase (uBondapak Ci¢) chromatograms of (a) vitamin D; and of (b) vitamin E
acetate. Details as in Fig. 1.
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Fig. 3. Reversed-phase chromatograms of isomerised vitamin D; on (2) Partisil 10 zm ODS, (b)
zBondapak Cis. Detzils as in Fig. 1. Peak 5 = pre-vitamin D,.
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Fig. 4. Adsorption mode chromatogram of vitamins A and E acetates, D, and internal standard

(4-hydroxybiphenyl). Partisil 10 colummn, isocratic elution with 1.25% isopropanol in cyclohexane.
Peaks as in Fig. 1, except 8 = 4-hydroxybiphenyl.

silica does not separate vitamin A acetate and vitamin E acetate under the conditions
used by us (Figs. 4 and 5).

Single multivitamin tablets may be assayed wusing the previously described
sample pretreatment procedure'®, which was designed to avoid thermal degradation
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Fig. 5. Adsorption mode chromatogram of isomerised vitamin D,. Details is in Fig. 4, except peak
-5 = pre-vitamin D;.

of vitamin D, making up extracts to 0.5 ml and injecting 10-z1 aliquots for the deter-
mination of vitamin D, and 5-ul aliquots for the determination of vitamin E acefate
(Amax. 287 nm; & 2500). Due to the high molar absorptivity and amounts of vitamin A
acetate (Aq... 325; £ 5200) it is necessary to dilute the extract 100:1 and made a second
injection for the best quantitation. The chromatographic procedures developed are
suitable for product impurity screening and for stability studies.
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