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A RAPID METHOD FOR THE IDENTIFICATION OF SMALL 

QUANTITIES OF LIPID-SOLUBLE VITAMINS AND QUINONES IN 

BIOLOGICAL MATERIAL* 

I-IART~MUT Ii. LICI-ITENTI-IALER* * 

Bio-Ovgawic CJ&emistvy GTOU$, Lawrence Radlat,ion Laborator3,;Ult~versitY of California, 
Bel~keley, Calif. (U.S.A.) 

(Rcccivcd April zznd, rgG3) 

Increased knowledge of the function of fat-soluble vitamins and quinones in the 
living organism has made their rapid separation and identification of considerable 
interest. Various methods for their separation by paper chromatography are reported 
in the literaturclr3. These methods, however, are not directly applicable to the original 
extracts of plant or animal tissues, since vitamins and quinones are usually present 
in very small concentrations and are masked by large amounts of accompanying 
lipids. These interfering substances cause poor separation of the vitamins and quinones. 
A prcknnary purification of the extract, usually by saponification and column 
chromatography, is necessary before paper chromatographic methods can be applied. 
The preliminary treatments, however, very often lead to a partial destruction of the 
quinones and vitamins and thus result in considerable losses. Transformation prod- 
ucts that were not originally detectable in the extracts may then become prominent. 
Furthermore, most of the fat-soluble quinones ancl vitamins are extremely sensitive 
to light and oxygen, and may be partially destroyed durin.g the usual chromatography 
on paper (IO to zo 11). For the study of the function and biosynthesis of these com- 
pounds it was desirable to develop a rapid paper chromatographic method for their 
separation and identification, which could demonstrate the presence of these sub- 
stances in biological systems before the application of the further purification pro- 
cesses. 

I3y testing various papers and solvents we have been able to develop a simple 
and rapid method for the separation of vitamins and naturally occurring quinones. 
In comparison with existing chromatographic methods the present technique has 
several advantages, resulting from the rapidity of the chromatogram development 
(I to z 11) and the high adsorption capacity of the paper used (Schleicher and Schiill, 
No. 2SS). The quantity of the whole cell extract which can be applied to the paper is 
about IO times greater than can be used with silicone- or paraffk-impregnated papers. 
This makes it possible to locate compounds present in extracts in such estremely low 
concentrations that they could not previously be detected. The substantially higher 
absorption capacity is also important for the separation of the components for further 
analytical purposes. 

l The work describocl in this papor was sponsored, in part, by the U.S. Atomic Energy Com- 
mission. 

** NATO Fellow from University of I-Ieiclclbcrg, Germany. 
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ESPERIMENTAL 

In the text and the figures the following abbreviations are used for the separated 
compoLlnds: 

A = Vitamin A P&o = Plastoquinone A (9 isoprene units in side chain) 
C = /3-Carotene PQl3 = Plastoquinone I3 (sicle chain unknown) 
Cl11 = Chlorophyll a + b Q1,, = Coenzyme Qlo 

D2 = Vitamin D, T = a-Tocopherol 

% = Vitamin I<, TQ = a-Tocopherylquinone 
Ph = Phaeophytin x = Xanthophylls 

The tested compounds were either bought commercially when available or isolated 
from spinach chloroplasls. A sample of synthetic plastoquinone g was kindly supplied 
by Hoffmann-LaRoche & Co. 

Solvents 

The choice of the solvent depended on the particular separation to be undertaken. 
Cyclohexane was found to be convenient for the separation of I<, and Qlo from /3- 
carotene. For the separation of the other quinones and vitamins from one another a 
mixture of cyclohexane-benzene (3 :7), pure benzene, chloroform-benzene (I : I), 
and chloroform were used successfully. 

A$$?ication of savq!!Zes to pa$er 

In general, samples were applied to the paper from ethanol, cyclohesane or isooctane 
solution. Samples in acetone were also satisfactory if care was taken to keep the spot: 
size small. 

Develo~hnent of chromatogranz 

Ascending chromatography was used routinely ; for small quantities chromatostrips 
were used, but when laxger amounts of lipid were to be separated, large sheets of 
paper were used as separation media. Circular chromatography worked equally 
well with the above solvents, and was found especially convenient when test substan- 
ces were employed, as well as for the quantitative analysis of natural estracts, 
when distinct separation of compounds in single, not overlapping, bands was required. 
All chromatograms were run at room temperature and in the dark to avoid destruction 
of the lipids. 

Detection ntethods 

I. Examination in daylight and in ultra-violet light. 
2. Spraying with saturated solution of SbC13 in chloroform (A, /3-carotene, 

carotenoids). D, gave a distinct brownish yellow color. 
3. Spraying with a mixture of equal volumes of a&-di’pyridyl (0.5 %) and FeCl, 

(0.2 %) in 95 oh ethanol (tocopherol). 
4. Use of the neotetrazolium spray according to LESTER AND RAMASARMA~: qui- 

nones were first reduced by immersing the paper in 0.1% solution of sodium boro- 
hydride for 30 sec. Excess borohydride was destroyed by dipping the paper in 0.1 
N HCl for z sec. The chromatogram was then immersed in a solution containing 
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Fig. T. l?aper chromatogram of lipid-soluble vitamins and quinonos. Solvent for I, cyclohcssnc- 
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Q/O 

a-T 

Fig. 2. Comparison of the structures of quinoncs and vitamins from spinach lcavcs. 

Its lir;t value, however, is even higher than those of the long side chain quinones PQo 
and Q1,,. This fact must be ascribed to the possession by the napthoquinone ring of a 
lipid character apparently greater than that of benzoquinone. In spite of its phenolic 
hydrosyl and its sh.ort side chain of only 15 C atoms, T, the chromanol from of TQ, 
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shows a higher RF than TQ. This behavior, and that of vitamin I<,, prove that 
double ring structures possess a higher lipid solubility than single ring systems. Thus, 
comparison of structure and RF values makes it clear that apart from the length of the 
polyisoprenoid side chain, the arrangement of substituents in the quinone molecule is 
of essential significance for the position on the chromatogram. 

Various other solvents such as isooctane, petroleum ether, carbon tetrachloricle, 
and toluene, or mistures thereof, were tested for separation of lipid soluble quinones 
and vitamins. They also provided good separation, but had no advantages over the 
solvents described. More polar solvents such as pyridine, methanol and acetone were of 
no value, since all fat-soluble substances tested had Rp values higher than 0.9 in 
these sclvents. 

In Table I the Rp values of quinones and vitamins, as well as some plant pig- 
ments, are listed for the different solvents. The values of the tested substances variecl 
within narrow limits, especially when natural e.xtracts were applied. There was, how- 
ever, no change in the order of migration. 

Normally, the walls of the chromatographic tanks were lined with filter paper 
moistened with solvent. If this was not done, higher Rp values were obtained. In 
Table I, in case (n), where the glass tank was saturated with the solvent, the solvent 
travelled much farther from the starting point per time unit than in case (A), where the 
solvent partially evaporated from the chromatogram. Thus, when calculating Rp’s, 
higher values were obtained. This fact has to be taken into account when highly 
volatile solvents are used, and particularly when, as in the present instance, short 
development times are employed (I-Z 11). Therefore, in all further esperiments the 
walls were covered with filter paper in order to ensure saturation of the tank with the 
solvent ancl to obtain reproducible lip values. 

The method described here has been usecl successfully for examining various plant es- 
tracts. It might also be employed for animal tissue estract analysis, a possibility now 
under investigation. p-carotene, the principal compound accompanying and often 
masking quinones and vitami.ns in natural estracts, runs almost with the solvent 
front, while the chlorophylls and santhophylls remain practically on the starting line. 
Thus, these normally interfering substances clo not affect the separation of the other 
lipids. Fig. 3 shows chronatograms of a freshly prepared acetone estract from spinach 
leaves. 

Large amounts of extraneous fatty material in the extract, however, have a 
considerable influence on the Rp values of the quinones and may cause poor separation. 
This is particularly true for estracts from whole leaves. Therefore, purification by 
column chromatography should precede the separation on paper. Repeated paper 
chromatography is also advisable. The application of the new technique to plant 
estracts therefore quickly provides information as to whether quinones or tocopherols 
are present, before further purification and final isolation are carried out. When prelim- 
inary column chromatography is employed, the method is very useful in detecting 
and identifying the quinones in the various fractions eluted. Its application as a test 
of purity of the isolated compounds is also of great significance. 

With the new method, several quinones and a-tocopherols were found in chloro- 
plasts and quantasomes of spinach. Some of these quinones were identified as I<,, 
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Fig. 3, Papor chromatogram of an acetone extract from spinach Icaves. Solvent for I, cyclohosane- 
bcnzcnc (7: 3) ; for II, bonzcnc. Dark spots inclicate quinones. 

I?$&, P&R and TQ. Qlu, present in the leaves of spinach, was not detected in chloro- 
plasts and quantasomes. Further study is required for the identification of other 
quinones present in lower concentrations, as indicated on the chromatograms. 
These might correspond to plastoquinone C and other tocopherylquinones which 
recently have been shown to occur in chloroplasts”. 
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SUMMARY 

A rapid method for separation and identification of naturally occurring quinones and 
fat-soluble vitamins on commercially available filter paper with alumina filler is 
described. The Rp values for different solvents are tabulated. The application of 
the method to natural estracts is discussed. 

NOTE ADDED IN PROOF 

When the chromatograms are immersed in the neotetrazolium chloride solution before 
they are taken into the sodium borohydride solution, the sensitivi,ty of revealing the 
quinones as red spots is increased considerably. Heating is then to be omitted. 
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