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Sumrnar.y - A method is described for the separation of iree 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 stearic acid esters of these sterols could also be se-

parated on magnesium oxide. The quantitative estimation of sterols separated by

precipitation with digitori:in followed by thin-layer chromatography on magnesium

oxide was carried out by ultraviolet spectrophotometri.c 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 chromatography). Seher and Homberg themselves were able to 

separate sterols by means of chromatography of the acetylated products on Mg0- 

Al203-CaS04 layers. 

Experimental work  

Our investigations regarding the usability of magnesium oxide as adsorbent 

agent in thin-layer chromatography  (me) of plant constituents (3; 4; 5) had 	538 

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  layera. 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 was carried out in accordance with the methods described by Peereboom and

Roos (1) 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 chloroform3.c solution were separated by us as follows.

Separation of the sterols bjy means of TLC - Absorbent - As adsorbent we

have used magnesium oxide (commercial product, Merck, "MgO for TLC"), which,

immediately prior to elutriation^(15 g MgO and 68 ml. water) was passed through

a No. 6 sieve with the aid of a brush. Coating was done in the usual manner. The

plates were dried at 130 0 for 30 minutes. Over a drying agentq these plates can

be stored for an unlimited period of time.

Solvent systems - Of the approximately 30 solvent systems (SS) tested$ the

following ones appeared to be best suited for our purposes:

SS (a), Cyclohexane-dieth,y1 ether-glacial acetic acid (20:79.5:0.5);

SS (b), Cyclohexane-d.iethyl ether-glacial acetic acid (50:49.5:0.5);

SS (c)^ Petroleum ether (40 - 60°)-glacial acetic acid (99.9:0.1);

SS (d^ Petrolu%i ether (40 - 60°)-acetone (98:2); and

SS (el Carbon tetrachloride.

The chromatograms were developed at room temperature and normal chamber

saturation. The length of run amounted to 15 em.9 and the time of run, to about

30 minutes.

Detectingagents - Vanillin-sulfuric acid - Three per cent vanillin in con-

centrated sulfuric acid: Pollowing sprayingt the plate was heated for about 10

minutes to 120°. Reddish violet spots on a light ground. Limits of detectiong

about 5 µg.

Alkaline permanganate solution - 0.1 M I{NInO4 solution and equal parts of

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

to 120°. Light spots on a violet ground. Limit of detection, about 10 y,g.
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Water -Following cautious spraying, there appear light spots on a darlish

ground. Limit of detection, about 20 ^tg.

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.

Quantitative 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 triterpenoid compounds in concentrated sulfuric

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 dissolved in 0,2 ml. of concentrated H019

mixed with 3 m1, of concentrated sulfuric acid, and well stirred. The mixture

is heated for 15 minutes to 600 (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 ml. of concentrated HC1 plus 3 ml. of con-

centrated sulfuric acid, in which a corresponding quantity of magnesium oxide

has been dissolved. If MgSO 4 prcipitates, it is removed by means of centrifugation.

If the sterols are to be measured without prior separation by means of TZC,

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 amounts, in the case of

sterols, to about 5pg; the standard deviation is :^ 1.4 per cent.

0
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Results and discussion  

Qualitative separation of sterols and sterol esters with the aid of sol-

ventste 	- 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. Ey meansoflengthening the run to 25 cm and using SS (a), it was possi-

ble to separate also the critical pairs campestrol (73), cholesterol (78), and 

p—sitosterol (66). Separation of the sterols in the form of the naturally oe-

eu±Ting palmitates and stearates was possible with the aid of SS (c) to (E); 

this method, however, should be employed only in cases, where separation by way 

of the digitonides is not necessary (Table 1 9  Figure 1). 

	

Quantitative determination of sterols - Quantitative determination of the 	540 

isolated sterols is carried out by means of the afore-described spectrophotame - 

trio measurement in concentrated sulfuric acid with great accuracy. The most 

favorable quantity for TIC 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 pig) and accuracy (standard deviat- 	541 

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 acid-sulfuric acid mixture, and that, thus, the whole sterol 

present in the coating (W1g0) is subjected to chemical conversion and measurement. 

Corresponding experiments using weighed quantities of pure substances and spots 

scraped off the TIC plates yielded identical extinction values. 
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• Table 1  - Rf x 100 values of sterols and sterol esters. Key: 1, Compounds; 2, Solvent gystem. 

I" crbindun« 	 Flzessiriitier 

Chulesterol 	 86 , • 
tigg,I.,as.terol 2 ;! 	;:ao ' 	4 1  

 9‘42:•-;" 	6o • - 
Ergosterol • 	 27 

Inpeàterol 	, 	, go 	55 .  
Lutnisterol 	 '16: 	1 5 
Lanwiterol . 	 td6 	:`;' 7 -  
Choi ,:iterolaçtat.Ç' 
St ig niasterolaeet2te • 
e-Si tc;sterolatatt? 
Ergosterolacetate 
Chuk:sterôlpàlin.i.t,ate 

ig rilàste'rolpatniit ate. 
e!Sitï,st,erblpalrnitatt 

Clyo1e.stere,514tearÂto 
;1_■ •.;1>ii.àitrolstearate 

- ,..1Sit'OsterbïStearte,.0 
Ei•-:osterols:tearàfiz , 

Figure 1  - Separation of sterols and sterol mixtures using solimnt system (b). 
Adsorbent, magnesium oxide; length of run, 15 am. I, Ianosterol; II, 0-Sito-
sterol;  111,  Cholesterol; IV, Stigmasterol; V, Ergosterol; VI, Iumisterol; VII, 
Campesterol; VIII, Olive oil; IX, Peanut oil and ricinus oil (sterols are iden-
tical). *Sterol not identifiable. 

• 
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Table 2 - Extinctions of the calibration curves of several sterols and esters;
1= 318 nm. Key: 1, Compounds; 29 Extinction for.

Cholesterol
Stigmasterol

^`c .f3-Sitqsteroh,•.-•;F"'^`,
Cholesterolacetatt

0.305 0..{30
ô:55o

:0.6oo

0.3'70-.

0.255

0.;7{0 :'..
O. j,j0 0,740

0.37.5: o.q6q -
0.406 {.- 0.5_l0 ;, ;Stigmasterolacetat^ 0.275

fl,Sitosterolacetatr
`Cholestércilpalrnltat^; •' o?Ip:
Stigrri¢tsterolpalmitatt

,^; j3=Sit^sEerôlpüliüitat^;
Gholesterolstelratt

i '; Sfi'niiiàsterôlstêli'âte ;
^ •.

Stto'terol"tearàtc ...

0.370.+: ,. 0: j9^:

o:aYO'. ;-.0.320 •'0.4_3
,6:1196 0.230 '0. •37.5

'0.20Ô^^`: . i^0i^3DO..:•^^.;.•o.aI

ci.i^ô::!...•ô: 6ô..' ,•.^:3go

FigjEe 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; 29 Cholesterol; 3, $-Sito- and Stigmasterol pal-
mitate; 4, Cholesterol palmitate.

0
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,Table 3 - Determination of sterol contents of several oils of the Austrian Dispensatory,
9th Bdition. Key: 1, Total sterols; 2, Sterols; 3, free; 4, bound; 5, Qualitative com-
'position of the sterol mixture; 6, Quantitative eomposition of the sterol mixture; 79 Total:
'sterols; 89 Free sterols; 9, Bound sterols; 109 Olive oil; 11, Peanut oil; 12, Ricinus oil;;
13,, (not identifiable); weitere, additional; restl., other or remaining,

ualitalive
Laisümsnensetzxing
des Sterolgemisclaes

Quanlifative 'Lusammenseteung des Slerolgemisckcs

Gesümtslerole

Q `

Sterole frai Stes'o1e geLuïtden

tostçroI.^?-5i". -" •^•
ç •:wcitcré• SterL)ls.
Inicht idëritilizîcrbar)

Oremn zS:oo 15.56 zz.çg •,_ -::: • #=Sitosterol
OArachidis Stigrriasterof :

ëholcstërol; _: ,
3 tveiterc Stero1s: .
(nicPit .i 1ér.tifizicrliit,r)

;r..:
Olcam z{.çG.: 3.zç P-Sitostérolï

StigmasteiôI
- Cholest^ro^ :

3 wcitcrc;Stéro^s .
niCht: 9n,tii7.içraa r)

78.;1 "„"^1-Sitostcr!>l, ";
5terolÇ

5o.o°/à fi-Sitostérol: •
21:7%-StigmastcrQl
_i3:8 % Cholcstérbl"::
-"8.5 % resti: Stcrol$

4S.o;% # -Sitostcrol -

31-3
.
% Stibm.^.steroi

0.6% Choiesteroi
: S.T SLero.!$

78•0 `%n'(^: Sitcistçrol..
z2,o% rCSt1.:,Stcrola

:6%'fl-Sitostcrof
97ïS %à Stigm^istérôl,:
z3. S %^"Cfiolesterôl.=.
.8.v.°/p iesti. Stczôl^

30.7 %.S tia AYdstL'r ol.:

: G. i % Çhoicstcrol
j.^o/,:3-e,t: S•xrci^

;7^•5'in:Ct->'^ostcro^ l
rest:. Stérols 11

{o.ô ^/oï:Q-Sitostçrôl
'-7•7 smststcrol

. :3:8%. rhOieSieT01
:?.5 %::*est1.-Sirrrolg

^3-J;^CSt^`rGG --4S-0 'X,
33,2 `^u S:rr..stercil -

^.^ir:_.O t:1U.;•CStC!'OI"> "..
?•^.^^'0.r;à^t3ï-^4`n .._S
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Application 

As application of the method presented, we have determined 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 knawn 

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 oil 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 sterols that the qualitative as well as the quantitative compositions 

of these two fractions were practically identical. 

Acknowledgement - We are indebted to Professor Dr. J.W. Copius Peereboam 
for a generous gift of highly purified sterols. We are also grateful to Pro-
fessor Dr. A. Seher for a gift of campestrol. 
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