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INTRODUCTION 

unlike the paper chromatographic separation of the more polar steroids, the chroma- 
tography of highly fat-soluble sterols, vitamins, provitamins and pentacyclic triter- 
penoid alcol~ols has not been the subject of many comprehensive studies. 

Because of the poor solubility of these compounds in water and polar solvents, 
the “normal” paper chromatographic methods find little application here. The 
literature. only deals with separations of cholesterol and 7-dehydrocholesteroll and 
of vitamin A and vitamin -4 acetate” in similar “normal” systems. 

Impregnation of the paper beforehand is necessary to achieve good chromato- 
graphic separations. For this purpose the following agents may be used : phenyl cello- 
solve”-=; salts of carbosylic acids’, aluminium oside3 and Quilon (a chromium stearato 
comples) ; see Table I. The last-mentioned compound, a water-repellent impregnating 

of 
agent, has been applied for the separation of some naturally occurring sterol9-ll. 

The solvent mixtures used for the paper chromatographic fractionation 
sterols,. mentioned in Table I, are the following: 

(I) Quilon/etlianol-water (S :z)D. 
(2) Quilon/methanoP_ 
(3) Quilon/methanol-water-ethylene glycol monomethyl ether (65 : 20 :zo) lo. 

(+) Quilon/methanol-water (95 :5) lo. 
(5) Quilon/etlianol-water (S :2) ll. 
(6) Sodium stearate, -pa_lmitate/methanol-carbon tetrachloride-water (IS : 5 : 2)?. 

(7) Aluminium oxidefllesane-ether (3 : I) 3. 

(S) Water/phenol-methanol-water (13.5 : 30:56.5) l. 
(9) Water/isopropanol-water (I : I) r. 

(LO), Phenyl cellosolve/heptaneG. 
(xx); Phenyl cellosolve/heptane5. 
(x2), Silicone grease/acetonitril-water (6 :4)*. 

* ForPart I of this series, see ref.“‘. 
** Rijkszuivelstation. Leiden. The n’ctheriands. 
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(13) Paraffin/ethylene glycol monoethyl ether-n-propanol-methanol-water 
(35:10:30:25)l% 

04) Paraffin/9c-propanol-methanol-water (15 : S2 :3) l”. 

(IS) Paraffin/methanol-water (95 :3)l”. 

(16) Petroleum b.p. zzo-240”/pyridine-water (S5:15)12. 

(17) Paraffin/acetic acid-water (S4:16)i3-15. 
The best separations of these highly fat-soluble sterols and vitamins have been 

obtained by reversed-phase chromatography, applying as stationary phase : silicone 
grease”, petroleums fractions12 or paraffinum liquidum13,10. 

In the analysis of fats and oils, a good method for the detection of small amounts 
of animal or vegetable fats in their mixtures is required22. Therefore, a paper chroma- 
tographic method for the identification of cholesterol, which occurs in animal fats, 
was badly needed. It is, however, not easy to obtain a complete paper chromat,o- 
graphic separation of cholesterol from the closely related phytosterols occurring in 
vegetable oils (mainly @-sitosterol and stigmasterol). Of all the systems mentioned ‘in 
Table I, system No. 17:paraffin/acetic acid-water (S4:16) gave the best separation’of 
cholesterol from these phytosterols. The paper chromatographic separations of several 
sterols, vitamins and provitamins, that are possible with this system weremore closely 
studied. Besides this, an attempt was made to establish more general rules for classifying 
and “explaining”the paper chromatographic dataobtained from the literature and from 
our own experiments. 

PAPER CHROMATOGRAPHIC DATA 

Table II presents the &? values, relative Rs values (S = cholesterol) and the 
corresponding R&I values of some sterols, fat-soluble vitamins, provitamins and 
pentacyclic triterpenoid alcohols in the above-mentioned system. The formulae of 
some of these sterols are given in Fig. I. 

CHOLESTEROL 

KC27 

p-rosTEmL 

FCZJ 

STIGWASTERIX 
FGsF 

ZYMOSTEKOL 

FG7F 

TERUL 
2 Fc27 

WTAMIN Dg 
3 FCzaF 

HO 

LAWSTEROL 

AGNOSTERDL 
2FCaoF 

Fig. r . The formulae of some sterols, mentioned in Table II. 
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acidls and when separating cholesterol esters in the sysfem partin/~oetic acid- 
chloroform-paraffin oil (65 :25 : ro)lD. 

Analogously, an almost linear relation is obtained when the & vdhes d smme 

sterols are plotted against their number of carbon atoms ‘(see Fi;g_ 21, 

DISCUSSION 

The n@enrnnce of criticaL pairs 

The introduction of a double bond produces an increase in the polari$,g $of the mokcnnk 
(and an increase in RF value), which is approsimatelyequal to that caused bya&crea~e 
in length of the carbon chain by one -CH, group. Therefore stigmasteroI1 @XkglFj,, 
campesterol (FC&) and dihydrocholesterol(C27) have approsimatlelyleqm:d 3’~ vaUnnes. 

Similar to the, paper chromatographic separation of hhi&er fatty acids~*, zn.lD 
sterols are arranged in critical pairs (mimic substances .according rt’o lB~szP)_ Brassi- 
caster01 (FC&F), cholesterol (FC27) and 7-dehydrocholesterol ~($FC27), ~ergo.steroll 
(zF&gF), and zymosterol (FCz7F) also belong to two different ,criitica1 pairs, 

Q60- ‘s 
‘\ 

0.50. \ 
‘i 

QJO- 

0.20 - 

OJO- 

0 26 27 , 28 , 2.9 No. of C atoms Stmbls 

2 4 6 8 10 12 14 16 18 20 

Fatty acids 

Fig. 2. The RF values of higher fatty acids, cholesterol esters and sterols plotid qainst rtIln&r 
number of carbon atoms. The higher fatty acids are separated in fhe systiem wndeca~q~g~‘~/O 
acetic aciclls (curve I), the cholesterol esters in the system paraffin/acetic aciid-chBoro&orm- 
paraffin oil (65 : 25 : I o)lD (curve II), and the sterols in the systcnl paraffin/SgCo~O ,a;oeti~c aciid 

(curve III). 

The above-mentioned sterols are separated into four zones ion a paper &ro;mna&o- 
gram, made according to the technique of MATTHIA4S3z. The lowest zone ~orm;t;auinns 
/J-sitosterol, the second zone campesterol and stigmasterol, the third zone &oksteroR 
and brassicasterol, and the fourth zone 7-dehydrocholesterol, ergos$8erol and zymo- 
sterol (see Fig. 5). 

Each critical pair can be characterized by a paper chrom.a&ograplti~c wa!l~e, 
@.V., calculated as follows : $c.V. = number of carbon atoms minus number of d+oulbRe 
bondszl. In Table III all the sterols with the same pc.V. number are arranged horkomn- 
tally, thus producing the various critical pairs. 

The sterols belonging to the same zone may still present a slight ~&fferen~ce Zun 32’ 
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T_IBLE III 

(IJLIIII’IIGZa P:S.~Bs: Q,F SO,S-COSJUG_ATED STEROLS. CLASSIFIED BY THEIR f%.v. XUJIBER 

jw_lb- = w - _XIB fin i.% the number of carbon atoms and Ad the number of double bonds in the 
molecule). 

Cholesterol, 
FC27 

Zymosterol, 
FCz7F 
7-Dehy-dro- 
cholesterol, 
zFCz 7 

Brassicaste- 
rol. FCzSF 

i a,-Sitoste- 
rol.. FCzgF 
Stigmasterol, 
FCzgF 

a_-Sitoste- 
rol. FC3oF 
Lanosterol. 
FC3oF 

Ergosterol, 
zFCZSF 

4 o-39- 
0.44 

3 0.32- 
0.35 

2 0.26 o-37- 
0.30 0.45 

I 0.21 0.45- 
0.26 0.58 

O.T4- 0.63- 
0.19 o-79 

o.o& 
0.10 

O-IO- 

0.19 

0.27- 
0.32 

o.gg- 
1.20 

vallne_ Ilk alliifkrence is tool small to permit a separation under normal conditions. 
We ~uxe&leall, I~~owever~ in separating a misture of zymosterol and ergosterol, using 
the c&u&~ tecl!mikque described by SULSER~~. 

A arabmmp~~t~ sqmra~tiom of cholesterol from the most important naturally occur- 
n+nng phvte&rerok ~~sitosterol and stigmasterol), which is necessary for the analysis 
0% mik%unrs off animal and vegetable fats” and a separation of vitamin A and vitamin 

A esxters OXMJTJ be obtained in the studied system. 
The pennttacycic triterpenoid alcohols occurring in wool fat, lanosterol (FC3oF) and 

dElq&roDann~erol @?C3ol)), can also, be separated. It is, however, impossible to separate 
agrntier~l! (i2FCSoF) and d!&ydroagnosterol(2FC30), which both have another double 
bomla3. A comlpkte separation of titamiIl Dz (3FC2SF) and dihydrovitamin D, (3FC2S), 
arb.kI~ botlfn have three conjugated double bonds but differ by one non-conjugated 
aIounMe l&m& I.s al/so impossible. Conjugated double bonds seem to have a strong in- 
filumez~~~ on ulk B&P vallue of a sterol molecule. 

J_ Cltronautog., 5 (1961) 500-514 



~Dihydrodhdlesterdl (Ca:7) - ~dhalc&mcdl ((lRC?q) 4Ql.Ll.2 

Cholesterol (FCz 7) - qimo&exdl @Kk;7n;)) --m.ng) 
Campesterdl (ZX2 6) - Ibrustiicattfimdl ((mO%W) -1 mw 
#&Sitosterol @X29) - &i&xn&amil ((IFKk@J) d0.l @jj 

Cholesterdl (BCz:7) 
Dihyclrdlanosterdl @X30) z 

+Kh_+mdhdltzwmdl ((~~C.z;-ij) -4Ql.l.l~ 

Ilamxitmdl [(TRQvDIF)) ~1310) 
Dihyclrolanostcrdl (IEC30) - tlfih@mqgn&mc&l ((.ztR~Q~) 401 rPJ3) 

- 

I. Ergosterol (3FC2SF) .- \Gitnmiin ID2 (($FUk%lF)) ++ cpr;7 
2. 7-Ddhydrochdlesterdl (.ztEXz;7) - 

. . 
-wItam trB, ((gE7Cq) +QJ COP 

3. Lanosterol (FFc3oF) .- ;Eynoti~dl (@TRC@Eq) -+m n1% 
4. Dihydrpagnosterdl (ziEC30) + :a.gn&er;dl @zTRQoW) e rnJ3 
5. zz-Dihydroergostcrdl ~@IE?Cz8) + tifilm_@him&amiim TD,((gFG23%$) -j+wms 

If the molecule lconta’ins tiwo c(cannijxgtied) tdl~ulble lbun&, t&e im colff a 
third’one causes Ionly :a-ilight (decrease iin && wake ((~ee3klMl.e IIS? lE,, X&L 4) air- ti nnxW?z 
cases when the third !dotible bend iis ca~q@t&l,, cexxen :zum iirmrmsnsp: km BW WALE. 

By irradiation (of ;7-&by&ochOestex~ :and teqg&k&l kitdh EJ.X?. l&lb&, B 

D3 and D,,, respectively, iare formed. men niiqg ll3 cti ttlhe cdh&es&ei~& mm.ihus ~~JWTW, 
.producing ,a system (6f tihnee (aonjxqq&eEl cQouWle lbomlls, :aun iimxunsz~~ Gm Bm naJl~~ off 

about +o.q7 is &tained. 
In a critical ipair, &he .-s-tertolls w&t& .se;asrtall caarrmijrq&tiedl cdl&e s m 

have :higher $?u ,values khan sterdls ~3% ffe~rer rc@jqgatbaZl &n3ldle lbznzk GDI- miittlhxmtt 

any. The 3~ values (of kl.ih@~~~~~er~ ((.5lFQo)),, ~~@le@y~M~ ((~BX~Z) 
and dihydrovi t aniin @?, I ($l?CkS) care lh$&er ttlharn ttlhese cd llzuur&&~ ((‘HQkE)),, qranx&& 
rol (FC27F) .and :ergostercl I(.~EQ?~F)) meqpeatikdl.. 

iFrom these lexam@les :a mean -&lue cd + (Q.II(O NXUUE& Tbg ttlhe ~zxe&~~exaJI 
conjugated :double ibonds can Ibe &lo&U?l. 
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The agreement between the values: 0.07, 0.10, due to conjugation, and the 
AIRQH~ and, A.RM~ = c values causes the existence of critical pairs. Introduction 
oE a double, bond as well as shortening of the carbon chain by removing one -CH, 
group results in. the sterol being shifted one step to the left in the graph of Fig. 2 (i.e. 
to) higher RF ValUeS) . 

Erkroduction when the molecule already con- 
them, shift RF value one to the right (i.e. to lower 

when separated bonds are “rearranged” into 
with (more). conjugated 

into 7-dehydrocholesterol (2FC27) and vitamin 
I):, be similar. 

Consequently these sterols part follow the of MARTIN 

regard.ing.tlie~thermodynamic meaning and additivity 
more polar adrenocortical steroids been shown 

The, Rh value, of a sterol molecule with a steric configuration 
total number of carbon atoms and 

tlie~nurnber- bonds in the molecule. 

Rb! Value. RF Value 

J1 -030 i 

+ozo- ’ 

+a60-. 

4.90- 

2& 25 26 I 27’ I 26 1 29 I 30 I pC.V. rhnber 

0.7 

a60 

040 

0.30 

* 

02 

0.10 

000 

I , 
25 

I I 1 I I 

26 27 
I 

28 29 30 31 No. of C atoms 

Fig.. 3’.. (a) The &!A$ values of lanosterol and dihydrolanosterol fit into the linear relation obtained 
with the,othcr sterols. (b) The linear relation of the Rp values in the systems described by KODI- 

CEK~O (I), SULSER AND H~GL~~ (II), and DE: ZOTTI~" (III). 

‘Ehe,position of the double bonds in the molecule has no influence. Thus cholesterol 
(lAl”)j and d?kholestenol have the same RF values. The place of attachment of the 
allkyll groups. in the molecule has also no influence. Therefore the RM values of the 
related! pentacyclic triterpenoid alcohols lanosterol (FC3oF), dihydrolanosterol 
(BX3o):. agnosterol: (zFC3oF) and dihydroagnosterol (2FC30), which all have two 
methyl! groups; at C-4; for the greater part agree with the above-mentioned rules. 

Fig:. 3a illustrates- that the RM values of the first two non-conjugated alcohols 
fit iixtoia. straight line with. the RM values of the other sterols. 
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KA13ASAIULTAN24 recently calculated the dR M values of several substituents in 
the pregnane nucleus. Using these values it is possible to calculate a theoretical RF 
value of a steroid of known structure. Good agreement between calculated and espeti- 
mental values has been achieved. Analogously, the structure of not y&t identified 
steroids or naturally occurring sterols”6 can be determined by using these previously 
calculated d RM values. Other paper chromatographic systems are useful fdr this 
purpose as well. The “Rrcarbon number” graphs of systems Nos. 14, rG and IT., 
mentioned in Table I, also show a nearly linear relation (see Fig. 3b). 

In system x4, the Rp values of the vitamins D, and D3 also fit into the linear 
relationlO, unlike their behaviour in the system studied by us. The RF value of & 
sitosterol in sys’tem 14 is higher than might be expected from the linear relation. In 
the corresponding systems 13 and 15 of Table I, the deviating RF values for @-sitosterol 
and ergosterol (RF = 0.0) indicate non-ideal liquid-liquid partition chromatography.. 

In the analogous system: petroleum/pyridine-water (Ss : 15)1” a simi1a.r linear 
relation can be found (Fig. 3b). Only the RF value of “fucosterol” obtained by DE 
20~~112 does not fit into this relation. This sterol, which has a structure isomeric 
with that of stigmasterol (C2,H,80 with A5 and LIZ”) should also present an RF 
value corresponding with that of stigrnasterol. According to curve III of Fig. 3b 
we should expect an RF value of 0.37. The RF value of about 0.41, obtained by DE 
ZOTTI for “fucosterol”, points more in the direction of a sterol belonging to the critical 
pair : zymosterol-ergosterol. 

The Rp values of some unidentified sterols from peanut and whale oil (0.3s 
and 0.18 respectively) reported by SULSER AND H~GL~~ fit into the linear relation 
shown by the other sterols (curve II of Fig. 3b). 

Separation of sonte sterols and steroids that have different stevic configwatiomi 

Some provitamins such as lumisterol, isopyrocalciferol and pyrocalciferol are isomers 
of ergosterol. Because of their different steric configurations, they have, however, 
different RS values. 

Ergostcrol Lumisterol Isopyrocalciferol Pyrocalciferol 
Configuration of the molecule : 

3,6-OH, j uncturc A/B: kvaw 
and ~0/3,9X IO%9/3 1o/3*9/5 I oa,ga 
RS value: T -26 1.00 I.15 o-94 

These data show that the Rs values of provitamins belonging to the (allo) series 
of ,&cholestanol and possessing &configuration at’ carbon atom IO are always higher 
than these of the corresponding provitamins with z configuration at carbon ,atom IO. 
The separation of the provitamins with different configurations at carbon atom 30 i’.e_ 
ergosterol (Io@,gcc) and lumisterol (xooc,gp), or isopyrocalciferol (Io/?,gp) and pyro- 
calciferol (rocc,gcc) , is possible under favourable conditions. A separation of provita- 

J. Clwo~~ntog., 5 (1961) 500-514 
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m.ik W&RR I&C we cotiguration; at C-IO cannot be obtained. The series of increasing 

R‘s; K2ilhmes Es al.5 ffolu!!&W-s: 
Ioa,ga <EOa,.g/3 < 10/3,g/3 < Iojfl,ga 

A l&J gcx,.~ofx -+ p,1og = -0.21 

dA?i$: g&nocc -+- c$,IO/? = -0.10 

The bmmiktrmo)l~ prepmtion! tihat me had at our disposal showed also a second 

z0Illle ((& = H _&, orally vik$bIe by a greenish colour in U.V. light (365 m/L), and of 

lllU&lman~ @N-i&i&_ 
Iff tie steriic cu~tigumra~tn of a sterol molecule is different from the (allo) series 

ofF @-&ol~esta~~~~o~l~ titi respect to the configuration at C-5 at the juncture 0.f rings A 
ZIUITI~~~ B,, tie A&s a-a&~es obtakred! detiate considerably. The RS value of cholestanol 
((=J& ~~~EXIMM&I.U OH gn-ou~p,. j$mc-ture -4/B: t?*n~zs or 36,5cc) is considerably higher than 
&zu& off ca~pn&tannoJl(~3& ~.sikll OH!,. -A/E%: cis- or 3/3&I). Thus we can derive a difference 

&I ~&XIX+ off tie mc&=rmlle gken by: 3;8pga >3fi,5b. d R&I $,ga --+ 3p,$ = +0.70. 
Yolk c~~rnreq~~mdl.s WMII d!ata Ike the Eiteratnre20 concerning C,, and C,, steroids, 

Wtid sba~na tie Br<0ntiq ewemoe: 3gga >3~~58 >3,6,5p 2=3c~,ga~. 
Inn germem&, ste~iids width EUII eqrcatoriaI OH group show a higher polarisy in 

@tin &romm~t~~gra~lplh~y than those with an axial OH gr-011~~~. Thus choletterol 
((@ qnnaikkia~U)) Eke* has a higher R,s value than epicholesterol (3~ axial). d RM 

3s -=$E= + OLlr+. 

EXPElZISLXSTAL 

!!%ZKWEJIII Eexagu~~~all ltuolles are cznt out of a sheet of Schleicher and Schiill No. 20~3b mgl 
pKaljpi?Ir OlF 20 X 50) cllml, accoki!ikg to MLX-ETHI_~S= (see Fig. 5). The direction of the paper 
&TIDIRB s,ba~mMl lk ~wMIIUM to t&e d&e&ion in which the mobile phase moves, 

“Bltne jpaqpm 5s ikmrnerrsedl three times in a I0 Y0 solution of medicinal paraffinurn 
I@niidlunnrn iin p&mol!eutmm etlker @_pr 60-So,“), After drying in the air the degree of 
imprrtegna~tiorm k @~lku~m& o~ng g/g paper_ The stationary and mobile phases are mutually 
s&an&M3 Em t&e ce@nre of the E cm wide bridges 15 pg sterol mixture is spotted. 
_Wtiegr 16 h a~~~~~mrmnodiattio~m~, i the.‘chromatogram is developed with the mobile phase : 

amtic acid-w~er ((S+aG$ for +D-& h,. by the ascending method. The temperature 
slh(mElld be! 2%2qa;; tlhle Ileqi& of tie run 25-30 cm. After drying the chromatogram 
some sttern&s are v-ikiMle inm U-V- lkighk (3.65 m& as fluorescent spots (see Table V). 
-~~~~gff,arpItu~~e~~~nhatSoO, the chromatogram is sprayed with a 
nca,‘;& eulina~~~oEc so&mtiiorm off pIirosphomo~ybCc acid (Merck) and then heated for about 
1-q mmiinll alt I!%“_ 

Bkm~een qp&ts allevel!op~ O~EII a gticlkly darkening light green background. 
~_y&Ra&DIkskrUB~ a& o&her Sa!tu!rated sterC&, if preSent in qUantitieS Of 100,66g, 

Uxeumme x4dMle as y-e&w ~pds- By spraying with a mixture of ether-concentrated 
smJipI.uti~ &iaI @:I)) auGl! lk&ikrg 3r10) min at SO,“ all saturated sterols become visible 
aE %&m~ zqD&P_ 

I%e 22~~ a&es mermtiomed 5~ Tab:Ie I tvere calculated from a great number of 

J. Chromutog., j (1961) 500-514 
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There is a nearly linear relation between the I?JI (RF) values and the rnuniber~of 
carbon atoms. 

Some rules are given regarding the effect on the RF value of the:introduction~of 
one or more double bonds into the molecule. 

The A I& values, due to the introduction of a CH, group, or of ,non-conjugated 
or conjugated double bonds into the molecule are calculated. Sterols with nearly 
the same RF values are arranged in so-called critical pairs. Rules concerning ithese 
critical pairs are discussed. 

In the system mentioned above the separation of the following sterols ahas ibeen 
achieved: cholesterol-stigmasterol, @A~olestanol-coprostanol, cholesterol-e~idhdle- 
sterol, lanosterol-dihydrolanesterol and ergosterol-lumisterol, etc. 

The system can be used for the identification of not yet identified sterols, isolated 

from natural sources. 
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