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. _ a
PAPER CHROMATOGRAPH¥ aF STE&OIDS( )

by
David Kritcheveky and Martha R, Kirk

ABSTRACT

The preparstion and use of "Quilon™ (stearato chromic chloride)
impregnated paper fcr the reverse phase paper partition chromatography of
stefoids is described. The Rf values for a number of sterocids in a variety

of solvents are reported., Seperaticn of cholesterol from epicholsstercl,

/
4

ergosterol and 7-dehydrocholesterol has been achisved. séveralfopher separa=

i

tions are also reported, _

For publication in the Journal of the American Chemical Society

(1) The work descrlbed in this paper was sponsored by the Uo Se Atcmlc Energy
Commission.
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PAPER CHROMATOGRAPHY OF STEROIDS (1)
' by'>' )

David Kritchevsky and Martha R. Kirk

Through the usé of impregnated filter;papar it has been possible to achieve
separation of various stercid mixtures by paper @hromat@graphy; The corticosteroids
'} have been separated using pepers treated with propylene glyecol (Zgz)g formemide (293)
of alumina (4,5); the estrogens on paper treated with alumina (4.5}, glycercl (6),
ethylene glycol (6) or capryl alcchol (6); and the androgens on papers impregnated
with alumina (4,5) or a silicone (730 Recently, Neher and Wettstein (8) have reported
the separation of weakly polar steroids on paper treated with phenyl celiosolveo
The successful separation of cholestercl and cholestenone on paper impregnated with
”Quilpn” {stearato chiomic chlori&e} has already been,fepcrtedo (9%, This method

(1) The work described in this paper vas sfpdn:sbr;ed:by’ the Ue S, Atomic Energy
Commissione. - P S : oo

It
I

(zj A, Zaffaroni, Re B, Burton and E, H, Kbuthahn9 S@iéﬁces‘lllg 6 (i95o)9

(3) A. Zaffaroni, R B. Burton and Eo Ho Keutmann, J Biol. Chems; 188, 763 {1951}
{4) I. E. Bush, Nature, 166, 445 (1950). | |

{5) I. Bo Bush, Biochemo Jo5 50, 370 (1952},

(6} Re Jo Boscott, Biochem. Jo, 48, x1vii (1951},

(7} T He Kritchévskyvand A, Tiselius, Sciénce, 1l4, 299 (1951)}.

(8) R, Neher and A, Wettstein, Hslv, Chim, Actay35, 276 (1952).

(9) D, Kritchevsky and M. Galvin, Jo Amo Chems Soceg 72, 4370 (1950},
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hag also been used for the separations of Vitamins D, and DB from a mixture of
sterols. {10), This report covers the results obtained by applicetion of this
method to a number of B‘;to@rOidSo‘ The R, values obtained with_fgv}entymon@ steroids
using a variety of solvents are tabulated in Tsbles I, III, IV, and V. Each R,
value rerresents the average of at leas‘t six separate chromatograms. |

In the case of the weskly polar steroids, the se;;amtibn of chelesterol ]
from 7-dehydrocholesterol, ergpsterol and epi@hol@iste;;}olj_has been a@@@mplisheda
Stigmasterocl and ergosterol have also been separatedfe-' Any two stercids whose R£
values are sufficiently far apeart may be separated by this system; and,in the case
of a mixture of cholesterol and testostercone; separation has indesd been carried outs
The separations are summerized in Table I,

In the case .of the corticosteroids and the androgens, the Rf'values are
reproducible but no resolution could be achieved with the solvent systems usgdo
The salient feature of the data concerning these compounds is that the addition
of water to the anhydrous solvent gives a higher Rf value rather than the lower
one which might be expected, Seve?al of the weakly polaf steroids exhibit the
expected lowering of Rg upon dilutioﬁ of the methanol,. ,

The only compocunds Whicﬁ did hot show Re véiﬁes in the'neighborhood of
0.80 when methanol was the solvent.wefe compéunds that had a long hydrocarbon
side cﬁain‘aﬁd no conjugatioh in‘tﬁe ring system, Cholestenone; ergosterol and
7mdehydfoCholésterol have a éonjugated systeﬁ.in the A ring and all give Ry values

similar to those obtained with the other classes of steroids used., In the case of

4

(i0) R. B. Davis, J. M, McMahon and G, Kalnitsky, J. Am., Chems Soc., 7h, 000 (1952),"
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ergosterqls chromatography in methanol-water gave higher Rf'values than those
oﬁtéined:ﬁsihgvpﬁre methanol, Vériaﬁiéhﬁ'in»ﬁhe‘Sidé]bﬁéin dO’not‘appear to
effect the Rp values as méy be seen from the values'forﬁChéléStérgl and
stigﬁasterolo | |

It is possible ‘that theVSyStems“under invéstig&tidn‘are'exceedingly
sensitive to small changes in solvent composition and that the mixtures we have
used héve brackéted'the aréa'bf gréatestysensitiVityQ It may be seen from

Table III that the R value of cortisone in methanol-water 9:1 is'greater than

f
it is in either methanol-water 95:5 or 85:15, = -
Small qﬁénﬁities of cﬂfbmic chloride complexes with several other acids
have.been made avéilablé'to hslby the duPont COmpény, '%ﬂl complexes of furoic,
salicylic and p-aminobénzoicvacids were appliéd to thé‘paper in the usual way,
but the methanol seemed to wash much of the material out qf'the'péper; a wide
green zoﬁe appearing at the front in every'expériment;T}w_The Rf values obtained

- in these experiments were very erratic,  Glucono:chrbmicfchldride-gave a papér

stable to the sblvent aﬁd~th¢-Rf values obtéihgdAwith'f l'élvcompouhds are listed

in Table V. The Rf value of cholestefol,onjﬁhis’papér: 4fQQnSidefably higher than
that for paper impregnated*with stearato chromic chloridé; iThe other Rf values
are in the range that they:weré with the origihathuilén.paper, but show a somewhat
greate} variation in values. | |

. Investigations involving smaller increments of change in the methanol-

water ratios are underway using papers treated with stearato- and glucono chromic

chloride respectively,
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EXPERIMENTAL °

Impregnation of Paper: Impregnatiqn of the filter paper used (Whatman No. 1) could

be carried out in either of two ways to give paper having the same chromatographic
characteristics, "A sélﬁtion that was 2% in "Quilon" and 2% in the "neutralizer"
solution suggested for use with this material (11) was sprayed on the paper and the
‘paper dried at 100-110°C, or the paper was dipped into a trough containing the same
solution, allowed to-arain and dried in a similar fashion. in either of these |
operations the paper was supported on a rectangular wooden frame. Use of a solution
that was 4% in "Quilon" and neutralizer .gave a paper on which the Rg vaiue of
cholesterol'was not altered,,’Whgn a solution containing "Quilon" alone waé used,
the solvent seemed to wash thé.material from the paper and a green zone could be
observed in the region of the sqlvcnt;fronto' This paper gave efratic results, (¥)
To determine the extént,of impregnation of the paper by these methods,
various samples of the treated paper were ashed and the residues assayéd'for

chromium with the following results (12):

CSample Gr(ne/25 n.?)
.'.iDipped; éOi;£‘Ar;f7T‘j " -0.26; 0.23

'Diggpeég: sol'n B : - 0.2k 0924

Sprayed, sol'n B.. 0.2h3 0,22

Solutions A and B refer to solutions 2% in both "Quilon" and neutralizer which

were prepared at different times.

(11) duPont Product Information Bulletin, "Quilon", January, 1950

(12) Analyses by Mr. V. Tashinian of ihe Miéroanalytical Laboratory,
Department of Chemistry, University of California, Berkeley,

(*)  The other chromic chloride complexes were all mixed with "neutralizer" prior
to treatment of the paper.
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Chromatography Reagent grade solvents were used throughouto_ All ratios of

solvents represent perceniages by volumec In all cases lO‘Y of material
was applied to a. spot l~1/2 cmo in dlameter on a strlp of paper about A cm,
w1deo The o&pers were suspended from metal troughs in large test tubes
( 7x 50 cm,) whlch contalned a few coo of the solvent mlxture‘and which
.were sealed w1th rubber stoppers during the course of chromatographyo
Generally two papers were suspended from each trough Descendlng ohroma===
tography was used throughout the solvent belng allowed to run 2“=35 cmo,
from the orlgln° The papers were allowed to dry thoroughly before testlng
for the presence of the materlal belng thromatographed Rf values were
measured from the foremost p01nt of the orlgln and the leading portion of
the spot., - |

As the precentage of water in the solvent was increased the‘time
requlred.for the solVent to run the specified_distance was also greatly
increased, The.upner limit of dilution for methanol is about 20%. Methanol-
water 75:25 takes very long to run and at lower temperatures does not wet
the paper. Methanoluwater 7 :3 will not wet the papero The dilution llmlt‘
is somewhat higher with the higher alcohols,

Detection of Steroids: The methods available for the detection of steroids -

on "Quilon' treated paper have already.been reported (13). In general,
iodine vapor was used for detection of the androgens and progesterone;
silicotungstic acid for cholestercl; epicholestercl, cholestanol,
stigmasterol and cholestenone; antimony pentachloride for sitOSter019
ergosterol and 7-dehydrocholesterol; andltriphenyl tetrazolium chloride (3)

for the corticosteroids., In some cases, several methods were used for

(13) D, Kritchevsky and M. R. Kirk, Arch. Biochem, Biophys. 35, 346 (1952),
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detection of;tﬁe same steroids and the same Rf'values were obtained, With

cholesterol—h—clh the color tests were further confirmed by radipautography (14).

Acknowledgment: The authors are deeply grateful to Prof..Melvih Calvin for
many helpful discussions.dﬁring,the course of this work,- Thanks are also due
theA.E° I, duPont de Nemours and Company, Inc., for their generous gifts of the
various impregnating agents; to the Ciba Pharmaécutical_Prodﬁcts, Inc, for the
androgens; to Dr. E. C. Kendall for ccrtisone; to the Upjohn Company for the
other cortlcoster01ds, to Prof. W, G Dauben for cholestanol and cholestenone;

to Dr. J. F° Eastham for cholesterol-h—Clh, and to the Chemical Specialties

Company, Inc. for the progesterone and pregnenolone used in these experiments.

(14) A. A, Benson, Jo A, Bassham, M. Calvin, T.C. Goodale, V. A, Haas and
W Stepka, J Am Chem° Soc., 72, 1710 (1950)
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. TABLE I

Rf-valﬁeSVOfvthe”weakly polar stefoids

~ CH,OH CH,OH.H,0  CoHsOH  CoHsOH.Hy0
3 T390 T i

'.Cﬁolesteroi:he ‘ ui o '&'.fgéé ) ) }92.fJ | 052
Epicholesterolv) ‘:‘ | , .80 - ..‘e%‘ - ,97 |
Choléstan011  _..j L W63 . — | .. m;iv .1‘ ;56'

- Stigmasterol =V ' 652 o 27 | -»%ﬂ' | .053
Sitoster01 ; a ,‘  65 == ';i'. - 1.  I;5h
Choiestenoné ,74...m, .. 82 == .- 057" o ,°86 
7erhydroéh61eétefél | .88 | ‘ e - 94

Ergosterol 8L .90 - 095
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TABLE II

SEPARATIONS IN METHANOL

Compounds ' , _ :  ‘Rf Values
Cholesterol/ergosterol . - _ :10,52/008h
Cholesterol/7-dehydrocholesterol . '.."b°54/0988
Cholésﬁerol/epichdlesterol' ; - - 9956/0081
Cholesterol/testosterone ' 0.54,/0.77

Stigmasterol/ergosterol 10.47/0.85

o




[

=10-

. TABLE

f

IIIH:

R, Values of Corticodsteroids

UCRL~1749

. ‘CH30H~H0

CHBOH CHBOH;HQO, :CH30H¥H20 'UHBOH%Hzo CQH5OH
L9585 951 0 085515 . 82 . .. ..
. Cortisone W75 .81 .86 .80 .80 .88
Desoxycortico~ )
sterone - 5. - .85 ——— —— .86
17-Hydroxy- ‘
corticosterone .73 - .86 m—— e .88
Dehydrocortico- ‘ '
. sterone o Th ——a .83 e — .85
Corticosterone o719 -83 .83 .80 .82 .83
'02H5OH£H20 . CHBOH?NHAOH CHBOHmNHAOH—H2O 5;CH30HnHCOOH CHAOH=
| | | ~ -HCOOH-H,0
8:2 9:1 85:5:15 99:1 80:1:19
Cortisone , o9 o7 o9 069 T W91
Desoxycortico- - ' o : o S
" sterone 295 . o8l W97 .78 .92
17-Hydroxy=- . :
cortocosterone .89 079 94 o713 .92
Dehydrocortico- o ' - ‘
sterone 095 076. 095 - 0'7[4- 092 '
Corticosterone J91 .76 .97 .69 . 92
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TABLE v 7

1
i

?

Re Values of Androgens and Progesiational Hormones

CH3OH-H,0  CH30H~CHCl3  CH3OH-CHCly  CH3OH-CC1,

CHBOH , 9:1 9:1 95:5 , 95:5
Dehydroisoepi- :
androsterone .75 .87 .86 .82 .81
Dehydroisocepi- , o
androsterone - ) .
acetate 76 .85 .87 .85 .86
Testosterone .78 .83 .87 .83 . .81
Testosterone o '
Propionate .81 .92 .87 %90 -
Androsterone .80 7 -— -— -
Progesterone .80 <95 .97 — -
Pregnandiol .78 - - - —
Pregnenolone o 75 —— —— - o
CH30H~C¢Hg CH3OH—06H6 CH30H-CHC1l3 ~ CH4OH-NH,; OH
99:1 95:5 1:9 95:5 02H5OH
Dehydroisoepi- , ‘ :

androsterone .80 -87 1.00 - .80 .97
Dehydroisoepi- “

androstercone

acetate «80 .28 1.00 .82 1.00
Testosterone .82 .84 1.00 .82 1.00
Testosterone -

Propicnate 081 .85 1.00 79 1.00
Androsterone - - — - 1.00
Progesterone -— .86 095 .78 -
Pregnandiol - —— - - -

Pregnenolone




=l UCRL-1749
TABLE IV (Conttd)

Rf Values of Andorgens and Progestational Hormones .

- CoHgOH-Ha0 Gyt 50H-H0

co8i2 - T30 - 1~C3H7OH. . Dioxane . .
Dehydroisoepi- '
androsterone .96 .96 o9k .99
Dehydroisoepi- : o " ‘
androsterone o
acetate. .93 «97 .95 .98
- Testosterone S .91 L 098 093 1,00
Testosterone , S )
~ Propionate » .97 1.00 N .96
Androsterone 094 095 - ' .99
" Progesterons - .98 .95 R
Pregnandiol e - e ' -

Pregnenolone e = — e
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TABLE V

R, Values on Glucono Chromic Chloride (Methanol Solvent)

UCRI~1749

- Compound £
Cholesterol . 0.90
Progesterone 0.86
Cortisone 0.76
Deéoﬁ&cbrticostcrone 0.86
17-Hydroxycorticosterone 0,75
De?ydrogorticosteréng' 0,85

rticos 0.63

Corticosterone

LA





