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Summary - A method is described for the sepai‘é'bion of free sterols by thin~layer
chromatography using magnesium oxide as adsorbent and cyclohexane~diethyl ether-
acetic acid as solvent system. When using other solvent systems, the naturally
occurring palmitic and gtearic acid esters of these sterols could also be se-
parated on magnesium oxide. The quantitative estimation of sterols separated by
precipitation with digitonin followed by thin-layer chromatography on magnesium
oxide was carried out by ultraviolet spectrophotometric measurement in concen-
trated sulfuric acid. Application of this method is demonstrated by identifica-~
tion and quantitative determination of the sterols of three vegetable oils.
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Introduction

Investigation of plant and animal materials with respect to their sterol
contents is not only of scientific interest, but also of practical importance.
Since, in correspondence with the significance of sterol research, the number
of pertinent publications is very large, we will not deal in detail with the
literature, but simply refer the reader to the studies carried out by Peereboom
and Ross (1) as well as by Seher and Homberg (2), which contain extensive re-
views of the more recent literature in this field, and, in particular, of the
determination of sterols.

Sterols, which may be present in either free or bound form, are very fre-~
quently found as mixtures in the material to be examined. Separation of such
sterol mixtures, at the present time, is carried out chiefly with the aid of
paper or thin-layer chromatography, frequently using impregnated layers (parti-
tion chromatography) or proceeding by way of the reaction products of the sterols
(acetates, bromides). According to Seher and Homberg (2), no satisfactory re-
sults are available regarding the separation of free sterols on non~impregnated
layers (adsorption ehromatography). Seher and Homberg themselves were able to
gseparate sterols by means of chromatography of the acetylated products on Mgl-
A12O --CaSO4 layers.

3

Experimental work

Qur investigations regarding the usability of magnesium oxide as adsorbent
agent in thin-layer chromatography (TLC) of plant constituents (3; 4; 5) had
revealed that, using appropriate solvent systems, free sterols and their natur-
ally occurring esters (for instance, palmitates and stearates) could also be se-

parated on magnesium oxide layers. Our work is reported in the present paper.
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Separation of the sterols - Separation of the total sterols from the mater-

ial wag carried out in accordance with the methods described by Peereboom and
Roos (l) by precipitation with digitonin following preceding saponification.
Cleavage of the digitonides was carried out by means of pyridine (6). The sterols
finally present in the chloroformic solution were separated by us as Ffollows.

Separation of the sterols by means of TI¢ -~ Absorbent - As adsorbent we

have used magnesium oxide (commercial product, Merck, "MgO for TLC"), which,
immediately prior to elutriation.(15 g Mg0 and 68 ml. water) was passed through
a No. 6 sieve with the aid of a brush. Coating was done in the usual mamnmer. The
plates were dried at 130° for 30 minutes. Over a drying agent, these plates can
be stored for an unlimited period of time.

Solvent systems - Of the approximately 30 solvent systems (8S) tested, the

following ones appeared to be best suited for our purposes:

ss (a), Cyclohexane~diethyl ether-glacial acetic acid (20:79.5:0.5);
ss (b), Cyclohexane-diethyl ether-glacial acetic acid (50:49,5:0.5);
55 (c) Petroleum ether (40 - 60°)-glacial acetic acid (99.9:0.1);

58 (a) Petroluen ether (40 - 60°)-acetone (98:2); and

SS (e) Carbon tetrachloride.

The chromatograms were developed at room temperature and normal chamber
saturation. The length of run amounted to 15 cm, and the time of run, to about
30 minutes.

Detecting agents ~ Vanillin-sulfuric acid ~ Three per cent vanillin in con-~

centrated sulfuriec acid: Following spraying, the plate was heated for about 10
minutes to 120°. Reddish violet spots on a light ground. Limits of detection,
about 5 ug.

Alkaline permanganete solution - 0.1 M KMnO4 solution and equal parts of

10% aqueous NaOH: Following spraying, the plate was heated for about 10 minutes

to 1200. Light spots on a violet ground, Iimit of detection, about 10 pg.
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Water -~ Following cautious spraying, there appear light spots on a darkish

ground. Limit of detection, about 20 pg.
For quantitative determinations, we have used water as detecting agent,

which enabled as to spray also the zones from which the spots had been scraped off,

Quentitative determination of sterols - Zaffaroni (7) and, more recently,
Levorato (8) have pointed out that adrenocorticosteroids in concentrated sulfuric
acid absorb in the ultraviolet region. Our own investigations (9) had shown ‘that
sterols, sterol glycosides and triterpenocid compounds in concentrated sulfuriec
acid also exhibit specific absorption bands in the ultraviolet region and can
be determined quantitatively by means of measuring their absorption. The spec- 539
trophotometric measurement is carried out as follows: The material scraped from
a given zone of the chromatogram is dissol%ed in 0.2 ml. of concentrated HCIL,
mixed with 3 ml. of concentrated sulfuric acid, and well stirred. The mixture
is heated for 15 minutes o 60° (or set aside at room temperature for 2.5 hours),
and cooled; the completely clear liquid is measured at the appropriate wavelength
(for sterols, A = 318 nm) against 0.2 mwl. of concentrated HCL plus 3 ml. of con-
centrated sulfuric acid, in which a corresponding quantity of magnesium oxide
hag been dissolved. If MgSO4 preipitates, it is removed by means of centrifugation.

If the sterols are to be measured without prior separation by means of TILC,
either the substance or its solution is put into a test tube, the solvent is
evaporated, and we proceed as outlined further above.

The limit of detection of this measuring method amownts, in the ease of

sterols, to about 5 wg; the standard deviation is * 1.4 per cent.




Results and discusgion

Qualitative separation of sterols and sterocl estersg with the aid of sol-

vent systems (a) to (e) - Using SS (a) and (b), the sterols investigated—with

the exception of campestrol, which hitherto has been demonstrated only in a

few oils——could be separated to a satisfactory degree, and this also in the free
state. By means of lengthening the run to 25 cm and using SS (a), it was possi-
ble to separate also the critical pairs cempestrol (73), cholesterol (78), and
P-sitosterol (66). Separation of the sterols in the form of the naturally oc-
cutring palmitates and stearates was possible with the aid of S8 (e) to (E);
this method, however, should be employed only in cases, where separation by way
of the digitonides is not necessary (Table 1, Figure 1).

Quantitative determination of sterols - Quantitative determination of the

isolated sterols is carried out by means of the afore-described spectrophotome-
tric measurement in concentrated sulfuric acid with great accuracy. The most
favorable quantity for TLC separation as well as for spectrophotometric measure-
ment lies between 40 and 100 pg per sterol. The standard deviation of the total
determination lies around * 2.5 per cent. Table 2 and Figure 2 give the extinc-
tion values and the calibration curves of several sterols and sterol esters for
the purpose of illustration.

The advantage of the determination method described--apparently possessing

a satisfactory limit of detection (about 20 pg) and accuracy (standerd deviat-

ion of & 2.5%)-is found, due to the separation of the sterols on magnesium oxide,

in the fact that the adsorbent of the scraped zone is completely dissolved in
the hydrochloric acikd~sulfuric acid mixture, and that, thus, the whole sterol
present in the coating Oﬂgo) is subjected to chemical conversion and measurement.
Corresponding experiments using weighed quantities of pure substances and spots

scraped off the TLC plates yielded identical extinction values.

241
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Table 1 - Rf x 100 values of sterols and sterol esters. Key: 1, Compounds;
2, Solvent system.

Cholestérol
w3tigmasterol
f-sitosterol ™
Ergosterol * .
Campesterol .
Lumisterol - % "

_ Launosterol-. @
" Cholegterolacetate”
Stigmasterolacstate -
' g-Sitosterolacetate
i Ergosterolacetate
Uliolgsterolpalnitate
;. Stigmasterolpalmitate
- sitbsterdlpalniitate
' - Eryosterolpalmitate
+: Cholesterolstearate

Errosterolstearat
&

£

Sitostetolstearate.”

Figure 1 - Separation of sterols and sterol mixtures using solvent system (b).
Adsorbent, magnesium oxide; length of run, 15 em. I, Lanosteroly II, f-Sito-
sterol; ITII, Cholesterol; IV, Stigmasterol; V, Ergosterol; VI, Iumisterol; VII,

Campesterol; VIII, Olive oils IX, Peanut oil and ricinus oil (sterols are iden-
tical). *Sterol not identifiable.




Table 2 - Bxtinctions of the calibration curves of geveral sterols and esters;

A = 318 om. Key: 1, Compounds; 2, Extinction for.

.. Verbindung.

Cholesterol
- Stigmasterel
v B-Sitasterol; -
Cholesterolacetate
Stigmasterolacetate
. B-Sitosterolacetate , .
"“Cholesterdlpalmitate
-Stigmuasterolpalmitate
A4 BeSitosterolpalntitate
.. Cholesterolstearate,
Tamasterclstéath
- +f-Sitosterolitearat

PR

RITEGL 75 100 K9

Figure 2 - Calibration curves for several sterols.and sterol esters. Ultra-
violet spectrophotometric measurements in concentrated sulfuric acid at 318 nm.
1, P-Sito- and Stigmasterol; 2, Cholesterol; 3, B-Sito- and Stigmasterol pal~
mitate; 4, Cholesterol palmitate,



Table 3 - Determination of sterol contents of several oils of the Ausirian Dispensatory,
9th Edition. XKey: 1, Total sterols; 2, Sterols; 3, free; 4, bound; 5, Qualitative com-
'posi'tion of the sterol mixture; 6, Quantitative composition of the sterol mixture; 7, Total,
' sterols; 8, Free sierols; 9, Bound sterols; 10, Olive oil; 11, Peanut oil; 12, Ricinus Oll’i
13, (not 1denufz.able), we:.'bere, additional; restl., other or remaining.

@ualﬂalwe @ Quanhlalwe .{usammmve aung des S'Iwolgcmzschrs
ZuSammensctzimng i - - :
des Stevolgemisches G evamtslcrole Slerole fm - Sterole gebunden

s 7S 0‘%:

- 7‘% 4 ‘/,”ﬂ Sxto ol
‘11\uu. b".; ‘rcstl btu'ols B
Orcum - 2800 . '56 '6’% ﬂ-Sxtostorol

27:7.%" btxgmasf:cxol
13:8 % Cholestéro o
- 8.5% rgst; Stcrols N

®Ar'tchzd:¢

ERAVLX o% ﬁ'SlLOStArOL B
31 3% Stigmasterol
15.6. % Chow:.tcrm

Oleum

24,40
teRicing

14 f}-Sitostéré
’ i xgm;stﬂrol

30 7 % ..“1gnu..
16,1 9% Cpou--:tr,rol




Application

As application of the method presented, we have defermined the sterol
contents of several oils listed in the Austrian Dispensatory, 9th edition. The
chromatograms of the sterol mixtures of olive oil, peanut oil, and ricinus oil
obtained by precipitation with digitonin exhibited, in addition to four lnown
sterols, spots of three to four additional sterols not further identified (cf.
Figure 1), with the compositions of the sterol fractions of peanut oil and rici-
nus oll being practically identical. The total sterol contents listed in Column 1
of Table 3 simultaneously represent the sterol contents after Peereboom and Roos (1).

In all three oils investigated, we found in the free sterols as well as in
the bound sterecls that the qualitative as well as the quantitative compositions
of these two fractions were practically identical.
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